From Mouthfeel to Mind: How Dietary Compounds Interact with Human Receptor Systems

Douglas C. Youvan

doug@youvan.com

www.youvan.ai

January 17, 2026

The boundary between food and drug, between flavor and neurochemical effect, is not merely
poetic—it is biochemical. As scientific curiosity and public interest converge on the molecular
effects of what we eat, questions arise about whether common dietary components like
chocolate, cinnamon, chili, or mint truly “act on the brain.” This paper explores that frontier
through a critical lens, mapping out the biochemical pathways from ingestion to sensation, from
the mouth’s thermoreceptors to the central nervous system’s more complex networks. While
the public often assumes that any chemical which “feels strong” must be “doing something to
the brain,” the reality is more nuanced. Many food-derived compounds bind strongly to sensory
receptors like TRP channels, triggering sensations of heat, cold, or irritation—without
necessarily crossing the blood-brain barrier or influencing synaptic function. Others, like
methylxanthines in chocolate, do engage central pathways, but in ways often misunderstood or
exaggerated. This paper provides a structured, evidence-based overview of what is known, what
is plausible, and where the line is between sensation, perception, and psychoactivity. It is
intended for researchers, clinicians, and scientifically literate readers seeking clarity amid claims
of “natural highs” and “culinary neuropharmacology.”
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1. Introduction

1.1 The Food-Receptor Claim Landscape
In popular science writing, health marketing, and social discourse, it is increasingly common to

a

encounter claims that certain foods “bind to brain receptors,” “stimulate neurotransmitters,” or
“mimic psychoactive drugs.” Examples include assertions that chocolate activates cannabinoid
receptors, that cinnamon affects dopamine systems, or that spices like turmeric or chili peppers
alter mood by acting on the nervous system. These statements often conflate sensory
experience with central nervous system (CNS) activity, or overlook key distinctions between in
vitro binding, peripheral activity, and CNS relevance. This paper sets out to evaluate such claims
with a rigorous, biophysically-informed framework grounded in receptor pharmacology,

pharmacokinetics, and systems neuroscience.

1.2 Why This Matters: Public Health, Supplement Trends, and Neuroclaim Inflation

This topic is not merely semantic. The surge in consumer interest around “brain-boosting” or
“mood-enhancing” foods has fueled a supplement industry worth billions, often based on
loosely framed claims. Meanwhile, emerging research in nutritional neuroscience has legitimate
findings—but they are often drowned out by misinterpretation or overstatement. For scientists,
clinicians, and informed public audiences alike, there is a pressing need to distinguish between
sensory receptor binding (such as with TRP channels), actual CNS penetration, and evidence of
behavioral or cognitive effect. A clearer framework could also support regulatory clarity and
ethical marketing.

1.3 Scope and Method of Review

This review synthesizes evidence across pharmacology, nutritional biochemistry, and receptor
biology to build a nuanced typology of food-derived compounds and their interactions with
human neuroreceptors. The emphasis is on differentiating strong, centrally relevant interactions
from those that are sensory, peripheral, or implausible at dietary concentrations. Key criteria
include receptor class (ion channel, GPCR, transporter), exposure dynamics (bioavailability, BBB
permeability), and the evidence ladder (from binding assays to human trials). Case studies—
such as chocolate, spices, and digestion-derived peptides—anchor the discussion. While the
style is accessible, the analysis is aimed at readers with a background in biophysics,
neuroscience, or pharmacology.

2. Molecular Entry Points: A Primer on Ligand—Receptor Interaction

2.1 What Makes a Molecule “Active”: Binding Affinity, Concentration, Permeability
To assess whether a dietary compound is pharmacologically active, three core factors must be
considered: affinity, concentration, and permeability.



¢ Binding affinity refers to how tightly a molecule interacts with a specific receptor,
enzyme, or transporter. High-affinity ligands form stable complexes even at low
concentrations, but affinity alone is not sufficient to infer functional relevance.

o Concentration speaks to pharmacokinetics: how much of a compound reaches the
receptor site, and for how long. Many food-derived molecules demonstrate high binding
affinity in vitro, but are present at micromolar or nanomolar levels in blood after
ingestion—often far below effective thresholds.

o Permeability relates to the ability of a compound to traverse cellular membranes,
especially relevant when considering CNS penetration. Lipophilicity, charge, and
molecular size all influence whether a molecule can reach intracellular or brain-localized
receptors.

Even with compelling in vitro binding data, a molecule that never reaches its target site in vivo—
or does so at trivial concentrations—is unlikely to exert meaningful biological effects.

2.2 Blood-Brain Barrier Considerations: Size, Polarity, Transport

The blood-brain barrier (BBB) is a selective permeability interface that protects the CNS from
potentially harmful compounds while allowing essential nutrients and signaling molecules to
pass. It acts as a critical filter for any discussion of food-derived effects on the brain.

Several molecular properties affect BBB permeability:
e Size: Molecules larger than ~400 Da typically do not cross the BBB passively.

e Polarity: Polar compounds are excluded unless a specific transporter facilitates their
entry.

e Charge: Highly charged molecules rarely cross without active mechanisms.

o Lipophilicity: While lipid-soluble molecules cross more easily, too much lipophilicity can
cause sequestration in membranes or rapid clearance.

Some compounds use carrier-mediated transport to bypass these limitations. For example,
amino acids and glucose have dedicated transporters. Others may pass the BBB in negligible
amounts, but bind peripherally and indirectly affect CNS signaling via hormonal or
immunological pathways. The mere fact that a molecule circulates in the blood does not
guarantee central access.

2.3 Peripheral Versus Central Effects: Importance of Site of Action

A crucial distinction in evaluating the neurochemical impact of food is the site of action—
whether a compound influences peripheral receptors (e.g., in the gut, skin, or peripheral
nerves) or crosses into the central nervous system. Many molecules bind to transient receptor



potential (TRP) channels or other sensory receptors located in the mouth, gut, or skin. These
activations can elicit powerful subjective experiences—heat, cooling, numbness, euphoria—
without the molecule ever reaching the brain.

By contrast, central effects require a compound to reach neurons in the brain or spinal cord and
engage with receptors such as GPCRs (e.g., serotonin, dopamine, cannabinoid receptors),
ionotropic channels (e.g., GABA-A), or enzymes that regulate neurotransmitter turnover (e.g.,
MAQ, COMT).

Moreover, some compounds exert indirect central effects through peripheral mechanisms—
activating the vagus nerve, altering gut hormone secretion, or modulating systemic
inflammation. These pathways often result in subtle mood or cognition shifts but are easily
confounded in human studies.

Thus, the credibility of a food—brain claim depends on clearly articulating where the action
occurs, how the molecule reaches that site, and what threshold of effect can be reasonably
expected at physiological doses.

3. Mapping the Landscape: From Taste Buds to Brainstem

3.1 Gustatory Pathways and Neurotransmission

Taste perception is the first point of contact between food and the nervous system, initiated
through gustatory receptor cells located in taste buds. These specialized epithelial cells
transduce five canonical taste modalities—sweet, salty, sour, bitter, and umami—into neural
signals. These signals are carried by cranial nerves VIl (facial), IX (glossopharyngeal), and X
(vagus) to the nucleus of the solitary tract (NTS) in the medulla.

From there, secondary neurons project to the thalamus and then to the gustatory cortex, where
conscious taste perception arises. However, the impact of gustatory signaling extends beyond
flavor identification. The NTS also connects to autonomic centers, hypothalamic regions, and
limbic structures, enabling taste to modulate visceral functions, appetite, emotion, and
memory. Neurotransmitters involved include glutamate, serotonin, dopamine, and
acetylcholine, depending on the nerve and target region.

Thus, although taste receptors do not themselves reside in the brain, their signaling pathways
interface with key regulatory centers, setting the stage for downstream neurochemical effects of
food—even in the absence of direct receptor binding by food molecules within the CNS.

3.2 Olfactory and Retronasal Inputs
Smell plays a dominant role in flavor perception and has more direct access to the brain than
taste. Odorant molecules, often small and volatile, bind to G-protein-coupled receptors in the



olfactory epithelium, sending signals via the olfactory nerve (cranial nerve 1) directly to the
olfactory bulb—a brain structure that bypasses the thalamus en route to the limbic system,
orbitofrontal cortex, and amygdala.

This neural architecture explains why smells can trigger vivid memories and emotional
responses. Crucially, food aromas are often detected retronasally—as volatile compounds travel
from the mouth through the nasopharynx during chewing and swallowing. This retronasal
olfaction is responsible for much of what is commonly perceived as “taste,” but it engages
olfactory, not gustatory, pathways.

Some food-derived volatiles—such as terpenes, aldehydes, and esters—may exhibit
pharmacological activity in addition to their sensory function. However, even when these
compounds do not enter systemic circulation, their sensory detection can modulate neural
circuits involved in satiety, reward, or mood via top-down cortical processing. This illustrates
how central effects may emerge from sensory stimuli, even if no molecule crosses the blood—
brain barrier.

3.3 Vagus Nerve and Gut—-Brain Interactions

The vagus nerve (cranial nerve X) serves as a major bidirectional conduit between the
gastrointestinal tract and the brain. It carries afferent fibers that detect mechanical stretch,
nutrient content, microbial metabolites, and hormonal signals from the gut wall.
Enteroendocrine cells lining the gut release hormones such as cholecystokinin (CCK), ghrelin,
and peptide YY, which activate vagal afferents.

Signals from these fibers also converge on the nucleus of the solitary tract, integrating with
gustatory input and projecting to regions that regulate appetite, energy balance, and emotional
state. Importantly, many “brain-relevant” food effects—such as the calming sensation from a
rich meal or the stimulant buzz from sugar—may arise from vagal signaling or gut hormone
cascades, rather than direct action of food molecules on CNS receptors.

Vagal activation can also influence neuroimmune tone, stress response systems, and even
neurotransmitter release in regions such as the hypothalamus and brainstem. These effects are
genuine, but indirect—a critical distinction for evaluating food—brain receptor claims. Molecules
like short-chain fatty acids, amino acid metabolites, and microbial byproducts may further
modulate these pathways, emphasizing the gut’s role as an active sensor, not just a passive
conduit.



4. The Sensory—Receptor World: TRP Channels as the Chemistry of “Feel”

4.1 TRPV1 and the Logic of Heat and Pain (Capsaicin, Gingerols)

The transient receptor potential vanilloid 1 (TRPV1) channel is a non-selective cation channel
expressed primarily on peripheral sensory neurons. It is best known for its role in mediating
responses to noxious heat and chemical irritants, particularly capsaicin, the active compound in
chili peppers. TRPV1 responds to stimuli such as temperatures above 43°C, acidic environments,
and electrophilic ligands like 6-gingerol, found in ginger.

When TRPV1 is activated, it depolarizes nociceptors, sending pain or burning signals via afferent
neurons to the spinal cord and brainstem. Despite its powerful subjective impact, capsaicin does
not need to enter the brain to create these sensations; its effects arise entirely from peripheral
sensory activation. The channel’s activation is dose-dependent and can lead to robust
downstream responses, including increased heart rate, sweating, and endorphin release, which
are sometimes misinterpreted as central psychoactive effects.

4.2 TRPA1 and Pungency/Irritancy (Cinnamaldehyde, Isothiocyanates, Eugenol)

The TRPA1 channel (transient receptor potential ankyrin 1) is another chemosensory ion
channel involved in detecting electrophilic irritants. It is activated by structurally diverse
compounds such as cinnamaldehyde (cinnamon), allyl isothiocyanate (mustard, wasabi), and
eugenol (clove). TRPA1’s signature is pungency and irritancy—sharp, tingling sensations often
accompanied by tearing, coughing, or sneezing.

Like TRPV1, TRPA1 is expressed on peripheral afferent neurons in the oral, nasal, and
gastrointestinal mucosa. Its activation reflects a cellular defense mechanism, flagging potentially
harmful compounds to initiate avoidance behavior. Importantly, although these responses feel
intense, they are mediated by peripheral action only; TRPA1 agonists typically do not cross the
blood-brain barrier or bind CNS receptors. However, they do engage neurogenic inflammation
pathways and can trigger the release of substance P and CGRP, giving rise to systemic sensations
that may be misread as mood or cognitive shifts.

4.3 TRPMS8 and Cooling (Menthol and Related Terpenes)

The TRPMS8 channel is activated by cold temperatures and compounds that evoke cooling
sensations, most notably menthol, as well as related monoterpenes like eucalyptol and borneol.
TRPMS is expressed in cold-sensitive neurons and responds to both environmental coolness and
chemical triggers. This dual sensitivity makes it central to both thermosensation and
chemesthesis—the sensory system responsible for detecting irritants and temperature-
mimicking stimuli.

Menthol’s interaction with TRPMS results in a soothing, cooling effect that is commonly used in
consumer products for its analgesic or “refreshing” qualities. Though often labeled as calming,



this perception stems from somatosensory modulation, not from a true CNS depressant effect.
Like TRPV1 and TRPA1 ligands, menthol acts peripherally, although its popularity in self-
medication underscores the psychological power of somatic sensations to influence mental
state indirectly.

4.4 Why Strong Binding Here Can Feel Mental Without Being Centrally Psychoactive
Compounds that bind strongly to peripheral TRP channels often elicit vivid, emotionally charged
sensations—heat, pain, tingling, or coolness—that are subjectively processed in the brain’s
somatosensory, insula, and limbic regions. These sensations can mimic mood effects or even
trigger memory and emotional responses due to shared processing centers in the insula and
anterior cingulate cortex.

However, these effects arise without direct central receptor interaction. The molecules never
cross the blood—brain barrier, never bind to synaptic receptors in the CNS, and yet feel
profoundly impactful. This creates a false intuition that compounds like capsaicin or menthol are
“psychoactive” in the same way as caffeine or THC. In reality, they are neuromodulatory via
somatic signaling, producing a felt impact without being CNS-penetrant.

4.5 Desensitization and Adaptation: Why the Burn Changes Over Time

A key feature of TRP channel activation is desensitization. Upon repeated exposure to an
agonist, the receptor’s responsiveness diminishes—a process that is reversible and adaptive,
but often long-lasting. For TRPV1, chronic capsaicin use leads to receptor inactivation, depletion
of neurotransmitters like substance P, and even axon retraction in sensory neurons.

This desensitization is the basis for therapeutic use of capsaicin in topical pain relief—it initially
stimulates but eventually silences nociceptive input. Similarly, TRPMS8 desensitization explains
why menthol products lose potency with habitual use. Adaptation also occurs at the cortical
level, where expectations and prior exposure shape the perceived intensity of sensory input.

Understanding this plasticity helps clarify why initial responses to spices or sensory ligands feel
strong, even “mind-altering,” while habitual use dampens the effect—further reinforcing the
importance of separating felt intensity from central neuropharmacological activity.

5. Chocolate as a Case Study in Plausible CNS-Relevant Targets

5.1 Methylxanthines and Adenosine Signaling: Theobromine and Caffeine

One of the most pharmacologically credible neuroactive components in chocolate is its
methylxanthine content, particularly theobromine and, to a lesser extent, caffeine. These
compounds act primarily as adenosine receptor antagonists. Adenosine, a neuromodulator



involved in sleep regulation, exerts inhibitory effects through A1 and A2A receptors in the brain.
By blocking these receptors, methylxanthines disinhibit neuronal firing and increase alertness.

Caffeine, which is well-studied, has a higher potency than theobromine and is known to cross
the blood—brain barrier rapidly. Theobromine is less potent but more abundant in cocoa. Its CNS
penetration is slower, and its affinity for adenosine receptors is weaker, but it may contribute to
mood and alertness in synergistic or cumulative ways—particularly when chocolate is consumed
in large amounts or in combination with other stimulants.

Thus, while the CNS effects of chocolate are modest compared to coffee or energy drinks, they
are plausible and measurable, especially with regard to alertness, attention, and mild
stimulation.

5.2 Cocoa Polyphenols and Indirect Neuromodulation Pathways

Cocoa is rich in flavanols, a subclass of polyphenols such as epicatechin and catechin, which
have been widely studied for their vascular, anti-inflammatory, and antioxidant effects. While
these molecules do not directly bind to classical neurotransmitter receptors, they may influence
brain function through indirect neuromodulation.

Key proposed pathways include:

¢ Improved cerebral blood flow via nitric oxide production, which may enhance
oxygenation and nutrient delivery to the brain.

e Modulation of neuroinflammation, potentially influencing microglial activity and
cytokine signaling.

e Promotion of neuroplasticity through BDNF (brain-derived neurotrophic factor)
pathways.

These effects are typically demonstrated in animal models or human trials using high-flavanol
cocoa extracts, rather than standard confectionery chocolate. The dose, matrix, and flavanol
content vary greatly between products, so claims based on generic chocolate consumption are
usually overstated. Nevertheless, the link between high-quality cocoa polyphenols and brain
perfusion, cognitive performance, and resilience to oxidative stress is biologically credible, if not
universally potent.

5.3 Endocannabinoid-Adjacent Lipids: What “Cannabinoid-Like” Does and Does Not Imply

A recurring claim in popular literature is that chocolate contains compounds that mimic
endocannabinoids, the body’s native ligands for CB1 and CB2 receptors. Chocolate does contain
N-acylethanolamines such as anandamide, oleoylethanolamide (OEA), and
linoleoylethanolamide (LEA). Anandamide is a known CB1 receptor agonist and can produce
cannabis-like effects in sufficient quantities.
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However, the concentrations of anandamide in chocolate are orders of magnitude lower than
what would be needed to activate cannabinoid receptors centrally. Additionally, anandamide is
rapidly degraded by fatty acid amide hydrolase (FAAH) in the gut and liver, making it highly
unlikely to reach the brain intact. The idea that eating chocolate “gets you high” via cannabinoid
receptors is therefore not pharmacologically supportable.

Some researchers have speculated that chocolate may contain FAAH inhibitors that prolong the
life of endogenous cannabinoids, or that it may potentiate cannabinoid tone via indirect
mechanisms such as oxytocin release or reward-related signaling. While intriguing, these claims
remain speculative and lack conclusive human evidence.

5.4 Mood, Alertness, and Craving: Separating Mechanism from Narrative

Chocolate’s widespread association with pleasure, comfort, and craving stems from a complex
interplay of neurosensory, cultural, and metabolic factors, not just receptor binding. It engages
multiple sensory modalities: sweet taste, fatty mouthfeel, volatiles in retronasal olfaction, and
thermal melting properties that create a unique hedonic experience. This sensory profile
activates dopaminergic reward circuits in the striatum and orbitofrontal cortex, but these are
secondary responses to integrated sensory input, not direct receptor agonism.

Craving may also be shaped by learned associations, emotional regulation, and hormonal
state—especially in contexts like premenstrual mood shifts or stress-induced eating. While
methylxanthines and flavanols contribute measurable physiological effects, much of the
narrative around chocolate’s “mood-enhancing” properties derives from anticipatory dopamine
signaling, conditioned reinforcement, and cultural scripts, rather than hard pharmacodynamics.

In sum, chocolate contains plausible CNS-active molecules, but the overall mental impact results
from a multi-pathway convergence—some pharmacological, some psychological, and some
entirely sensory.

6. Beyond TRP: Dietary Compounds with Stronger “Neurotransmitter-System” Claims

6.1 GABAergic-Related Compounds and the Boundary of Evidence

Gamma-aminobutyric acid (GABA) is the brain’s primary inhibitory neurotransmitter, and
numerous food-related compounds—especially those marketed as calming—are advertised as
“GABAergic.” These include direct GABA supplements, GABA-enriched teas, fermented foods,
and certain amino acids or herbs like valerian root and passionflower.

The mechanistic challenge is that GABA itself does not readily cross the blood—brain barrier.
Therefore, taking GABA orally in normal doses may not significantly increase CNS GABA levels.
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The observed calming effects of GABA supplements may stem from vagal signaling, peripheral
GABA receptors, or placebo responses rather than central GABAergic activation.

Some natural compounds may modulate GABA-A receptors allosterically—in a manner similar
to benzodiazepines—but evidence for such effects in humans remains limited and highly dose-
dependent. For instance, magnolol and honokiol (from magnolia bark) show such activity in
vitro, but CNS-penetrant doses from dietary intake are unlikely. As such, while the terminology
of “GABAergic foods” persists in consumer markets, the boundary between mechanistic
plausibility and marketing narrative is frequently crossed without evidence.

6.2 Terpenes and Cannabinoid Receptors: CB2 Signaling and Neuroimmune Interfaces
Terpenes are small, volatile molecules found in many plants, including herbs, citrus fruits, and
cannabis. Some terpenes—like B-caryophyllene, limonene, and linalool—have been shown to
interact with cannabinoid receptors, particularly CB2, which is expressed in immune cells and
peripheral tissues more than in the CNS.

B-Caryophyllene, present in black pepper, cloves, and oregano, is a notable selective CB2
receptor agonist. Unlike CB1, CB2 activation does not produce psychoactive effects but can
modulate inflammation, immune tone, and neuroimmune crosstalk. These effects may underlie
some reported anxiolytic and analgesic actions in animal models.

However, the extent to which dietary terpene exposure reaches concentrations sufficient to
modulate cannabinoid signaling in humans remains uncertain. Metabolic instability, rapid
clearance, and dosage variability limit interpretation. Moreover, claims of “entourage effects”
from terpenes in foods often borrow speculative language from cannabis research and fail to
account for fundamental pharmacokinetic constraints.

6.3 Monoamine-Linked Ideas: MAO/COMT Themes and Why Dose Dominates Interpretation
Monoamine neurotransmitters—dopamine, serotonin, norepinephrine—are regulated by two
key enzymes: monoamine oxidase (MAQ) and catechol-O-methyltransferase (COMT). Some
food-derived compounds are known to inhibit MAO or COMT in vitro, raising the idea that they
could indirectly elevate neurotransmitter levels.

Examples include:
e Harman alkaloids in fermented foods or tobacco
e Curcumin and resveratrol, proposed weak MAO inhibitors
¢ Green tea catechins, suggested to modulate COMT activity

These interactions are chemically plausible, but in practice the effective dose needed for
significant inhibition of these enzymes in the brain is far above what is achievable from normal
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dietary intake. Moreover, systemic MAO inhibition carries risks—particularly hypertensive crises
when consuming tyramine-rich foods—so caution is warranted in extrapolating laboratory
findings to real-world safety or efficacy claims.

Claims that foods “boost dopamine” or “raise serotonin” via enzyme inhibition should therefore
be treated skeptically unless supported by quantitative pharmacokinetics and functional human
data. In most cases, these interactions remain pharmacologically negligible in vivo.

6.4 When In Vitro Binding Does Not Translate In Vivo

A persistent issue in food—neurotransmitter claims is the misapplication of in vitro data to
complex biological systems. Many food-derived molecules bind to receptors, enzymes, or
transporters in cultured cells or isolated proteins, but this tells us little about actual effects in
living organisms.

Key pitfalls include:

e Binding at non-physiological concentrations (e.g., micromolar binding, but only
nanomolar blood levels post-ingestion)

e Lack of metabolic realism, ignoring digestion, first-pass metabolism, or degradation
e Failure to model compartmentalization (e.g., CNS vs peripheral tissue exposure)
e Species mismatch (rat brain slices vs human blood levels)

Moreover, many food compounds are promiscuous ligands, interacting weakly with multiple
targets without clear functional specificity. This creates attractive but non-actionable
pharmacological maps, often recycled in marketing rather than updated based on in vivo rigor.

The standard for relevance should not be “can bind” but “can bind at achievable concentrations,
in the right compartment, with a measurable functional effect.” Without this trifecta, even a
strong in vitro interaction may be biologically silent.

7. Digestion-Derived Peptides: Opioid-Active Fragments and the BBB Question

7.1 What “Exorphins” Are and How They Are Generated

“Exorphins” (exogenous morphine-like peptides) are short amino acid fragments released
during the digestion of dietary proteins, particularly gluten (from wheat) and casein (from milk).
These peptides can bind to opioid receptors, especially the mu-opioid receptor, which mediates
analgesic, euphoric, and sedative effects in the body.
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Some well-studied exorphins include:
e B-casomorphins, derived from casein
¢ Gliadorphins, derived from gliadin (a component of gluten)
¢ Rubiscolins, from the photosynthetic protein Rubisco in spinach

These peptides are not present in the raw food per se; they are cleaved enzymatically during
gastrointestinal digestion, often under specific conditions involving proteases like pepsin,
trypsin, and chymotrypsin. Their production is variable and depends on both the protein’s
structure and the individual’s digestive enzyme profile.

7.2 Peripheral Opioid Signaling Versus Central Opioid Signaling

Even if exorphins are generated in the gut, peripheral opioid activity does not necessarily imply
central effects. Opioid receptors are expressed throughout the enteric nervous system, immune
cells, and vascular endothelium, where they can modulate pain, inflammation, gut motility, and
mood indirectly.

To produce central psychoactive effects, however, these peptides must:
1. Survive enzymatic degradation in the intestine and bloodstream,
2. Evade hepatic metabolism (first-pass clearance),
3. Cross the blood—brain barrier intact and in pharmacologically relevant concentrations.

Most peptide fragments are too large, polar, or labile to cross the BBB efficiently. Additionally,
the peptidase enzymes in blood and endothelial cells rapidly degrade exorphins before they can
accumulate systemically. Thus, while gut-generated opioid peptides may influence peripheral
sensation or feedback into brain circuits via vagal afferents, their direct CNS impact remains
largely unproven in humans.

7.3 Inter-Individual Variability: Enzymes, Microbiome, Gut Permeability, and Uncertainty
One complicating factor in evaluating exorphin effects is the large variability between
individuals in:

o Digestive enzyme activity (e.g., low DPP-1V activity may increase peptide persistence),

¢ Gut microbiome composition, which can both produce and degrade bioactive peptides,
e Gut barrier integrity (e.g., increased permeability or “leaky gut”),

¢ Blood peptidase levels and transporter function,

e Neuroinflammatory status, which may alter BBB permeability.
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This heterogeneity makes it difficult to generalize from population studies and has led to
interest in whether susceptible subgroups—such as children with autism spectrum disorders or
patients with schizophrenia—may be more responsive to exorphins due to altered peptide
metabolism or barrier function. However, the evidence remains inconclusive and often
correlational rather than causal.

Moreover, animal studies often use injectable doses of purified peptides that bypass digestion
entirely, which does not reflect natural dietary conditions. This has led to overinterpretation of
rodent results in the context of human food consumption.

7.4 What Would Constitute Decisive Evidence
To establish a causal, CNS-mediated effect of dietary exorphins, the following evidence would
be required:

e Quantification of intact opioid-active peptides in human plasma following a realistic
meal,

e Demonstration of BBB penetration in vivo at physiological concentrations,

e Measurement of downstream CNS effects, such as changes in EEG, neuroimaging signals,
or behavioral responses,

e Reversibility by opioid antagonists (e.g., naltrexone) in controlled settings,

e Genotype- or phenotype-stratified response profiles to isolate responders vs non-
responders.

Without such data, the biological plausibility of dietary opioids affecting mood or cognition
remains theoretical. Claims about milk or wheat “addiction” based on exorphins reflect a
speculative leap rather than a demonstrated mechanism. While the hypothesis is not
implausible, the weight of evidence today supports peripheral action with limited central
relevance for the vast majority of individuals.

8. A Practical Evidence Ladder for Food—Receptor Claims

8.1 Levels of Evidence: Binding Assays, Cellular Function, Animal Models, Human Trials

In evaluating whether a food-derived molecule exerts a meaningful effect on the nervous
system, it is crucial to separate types of evidence according to their methodological strength
and interpretive reach. The typical ladder progresses as follows:
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¢ Binding Assays: These provide initial evidence that a compound can interact with a
receptor, enzyme, or transporter. While essential for screening, binding does not confirm
function or physiological relevance.

e Cellular Function Assays: These experiments test whether binding produces a cellular
response—such as ion channel activation, G-protein signaling, or transcriptional change.
Positive results indicate efficacy, but still in a controlled and often non-physiological
context.

¢ Animal Models: Rodent or other animal studies can provide insight into whole-system
dynamics, such as behavioral changes, blood—brain barrier penetration, and dose-
dependent effects. However, translation to humans is limited by species differences,
experimental route (e.g. injection vs oral), and environmental control.

e Human Trials: The gold standard, ideally randomized and placebo-controlled. Evidence
from human intervention studies—especially those with well-defined endpoints and
dose—response data—is the most compelling. Observational data, while suggestive, can
rarely establish causation in this domain.

Each level above is necessary but not sufficient to claim relevance. The mistake in food—brain
narratives often comes from extrapolating upward from lower rungs.

8.2 Common Failure Modes: Unrealistic Concentrations and Wrong Tissue Assumptions
Many exaggerated claims about food and brain receptors originate from in vitro results using
unrealistic concentrations—frequently micromolar to millimolar ranges far exceeding what
could ever be achieved in vivo from normal dietary intake.

Another error involves tissue mismatch: assuming that binding to a receptor expressed in
intestinal cells or peripheral tissues implies action in the central nervous system. A compound
that modulates serotonin receptors in gut epithelial cells, for example, may affect motility or
nausea without impacting mood or cognition.

Additional failures include:
e Using purified compounds rather than food matrices
e lIgnoring first-pass metabolism or degradation
o Testing topical or injected delivery when the route of interest is oral

Even a potent molecule may fail to reach its target if these practical constraints are not
considered.
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8.3 How to Read Numbers: Affinity Versus Achievable Plasma Levels
Two quantitative parameters matter most when evaluating food-receptor interactions:

o Affinity (Ki or ICso): This reflects how tightly a molecule binds to its target. Lower
numbers (e.g., nanomolar) indicate higher potency.

e Plasma Concentration (Cmax): This is the maximum concentration achieved in blood
after ingestion.

For a compound to be relevant, its Cmax must approach or exceed its Ki in the compartment
where the receptor resides. For example, if a polyphenol binds to a receptor at 10 uM but only
reaches 0.05 puM in blood post-ingestion, the interaction is likely biologically inert.

This disconnect is widespread in nutrition science, where bioavailability is low, metabolism is
fast, and tissue distribution is uneven. Even if a compound is active in vitro, its effective
exposure in the human body may be negligible. Without this comparative framework, numerical
claims can mislead.

8.4 Confounders in Human Studies: Expectation, Culture, and Co-Consumption
Even when food—brain claims are tested in human studies, interpretation is often clouded by
non-pharmacological confounders:

e Expectation Effects: Belief in a food’s effect can shape perception, mood, and behavior—

” u

especially for “relaxing,” “stimulating,” or “comforting” foods. This placebo influence is

strong and frequently under-controlled.

e Cultural Framing: Foods carry emotional, symbolic, and ritual value. A cup of hot
chocolate or a piece of ginger candy may evoke nostalgia, comfort, or social bonding
that modulates mood independent of biochemistry.

e Co-Consumption Effects: Most foods are eaten as part of complex meals. The presence
of fat, sugar, caffeine, or other nutrients can alter absorption, palatability, and
neurochemical response—making it difficult to isolate a single molecule’s contribution.

e Baseline Variability: Individual differences in enzyme expression, neurotransmitter tone,
gut microbiota, and receptor polymorphisms can drastically influence response.

These factors underscore the need for rigorous, blinded, placebo-controlled designs in
evaluating food—brain relationships. Anecdotal impressions, survey data, or open-label trials
often overstate causality, particularly in wellness marketing.
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9. Safety, Ethics, and Communication

9.1 Culinary Use, Supplementation, and the Risk of Category Errors

The line between culinary tradition and pharmacological intervention is increasingly blurred by
the wellness industry. Many herbs, spices, and foods that have been safely consumed for
centuries are now being rebranded as brain-enhancing supplements, often without due
recognition of context, dose, or intended use. This shift creates a classic category error—
treating foods as drugs without applying the scientific or regulatory scrutiny required for
pharmacological agents.

A pinch of turmeric in cooking cannot be equated with a high-dose curcumin extract formulated
to inhibit inflammatory pathways or MAO enzymes. Similarly, sipping green tea is not equivalent
to ingesting concentrated EGCG capsules, which can interact with liver enzymes and alter drug
metabolism. The dose—response profile, matrix effects, and bioavailability constraints change
dramatically between whole-food consumption and concentrated supplementation.

Ethically, conflating culinary and medical domains can mislead consumers into believing that
natural equals safe, or that tradition implies efficacy. It also risks trivializing the complexity of
receptor biology by promoting simplistic narratives about foods “activating the brain.” A clear
demarcation between traditional dietary use, nutritional supplementation, and drug-like
intervention is essential to avoid confusion and prevent harm.

9.2 Interactions with Medications: Where Caution Is Warranted

Certain dietary compounds can interact with prescription drugs, especially through enzyme
inhibition, altered transport, or additive pharmacodynamic effects. These interactions may be
mild in the context of normal eating but become significant with high-dose supplements or in
sensitive populations.

Examples include:

¢ Grapefruit juice, which inhibits CYP3A4 and can increase serum levels of statins, calcium
channel blockers, and other drugs.

e Turmeric and curcumin, which may affect drug-metabolizing enzymes and increase
bleeding risk when combined with anticoagulants.

e Green tea catechins, which can interfere with B-blockers or sedatives through COMT
modulation or competition at absorption sites.

¢ Tyramine-rich foods (like aged cheese) posing hypertensive risk in patients on MAO
inhibitors.
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These examples show that natural compounds are not inert. When delivered in concentrated
form or alongside pharmacotherapy, they can cause unanticipated outcomes. Ethical
responsibility in public discourse requires acknowledging these interactions—particularly when
recommending dietary interventions to vulnerable individuals.

9.3 How to Talk About “Brain Receptors” Without Exaggeration

Scientific communication about food and brain chemistry must walk a tightrope between
accessibility and accuracy. The phrase “binds to brain receptors” can easily imply potency,
centrality, or direct psychoactive effect—yet many such claims refer only to in vitro binding or
peripheral activity. To avoid misleading audiences, communicators should:

¢ Specify the type of receptor (e.g., TRPV1 in the mouth vs CB1 in the brain),

e Clarify the route and barrier (whether the compound crosses the blood—brain barrier),
e Quantify exposure, using plasma levels and affinity data when possible,

¢ Distinguish between sensory, peripheral, and central effects,

¢ Avoid causal overreach, especially from correlational or observational studies.

Replacing vague phrases with mechanistic precision—such as “activates peripheral sensory
neurons via TRPA1” rather than “stimulates the brain” —preserves scientific integrity while still
engaging public interest. The goal is not to suppress enthusiasm about food—brain interactions
but to ensure that such enthusiasm is anchored in evidence, not extrapolation.

10. Conclusion: The Boundary Map Between Mouthfeel and Mind

10.1 The Central Synthesis: Sensory Binding Is Real, Central Effects Are Conditional

This review has drawn a clear boundary between the peripheral sensory engagement of food-
derived molecules and the central neuropharmacological effects often implied in public
discourse. It is unequivocally true that many foods interact with neural receptors, but the
location, strength, and functional relevance of those interactions vary dramatically.

Sensory receptor systems—especially TRP channels—are robustly activated by compounds like
capsaicin, menthol, and cinnamaldehyde, producing intense experiences that feel deeply
mental but remain peripherally mediated. These sensations are not illusions; they are real
neurochemical events. However, they do not require CNS penetration and must not be
conflated with the psychoactive mechanisms of centrally-acting compounds like caffeine or THC.

By contrast, molecules like methylxanthines (caffeine, theobromine) and select terpenes or
peptides have plausible or proven central nervous system effects—but only when dose,
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exposure, and bioavailability thresholds are met. Most food—receptor claims fall short of this
bar. Thus, the honest synthesis is this: binding is common, CNS action is exceptional. Bridging
that gap requires pharmacological rigor, not just sensory metaphor.

10.2 What Chocolate and Spices Teach Us About Neurochemistry in Daily Life

Chocolate and spices are not just indulgences; they are windows into the distributed
architecture of human neurochemistry. They illustrate how the brain interprets multi-sensory
input, peripheral signals, and metabolic feedback as part of a unified experience—sometimes
joyful, sometimes comforting, occasionally addictive.

Chocolate offers a case study in convergence: modest CNS-active compounds (methylxanthines),
vascular-modulating polyphenols, and sensory-laden mouthfeel combine to produce a
rewarding state that is real—but not reducible to any single molecule—receptor interaction.
Similarly, the experience of chili, mint, or ginger reflects the precise tuning of TRP channels,
somatosensory pathways, and cultural learning, rather than direct psychoactive alteration of the
mind.

What these foods teach us is not that nature has secretly laced our diets with drugs, but that
the human nervous system evolved to interpret and adapt to chemical cues from the
environment in layered, complex, and often poetic ways. The lesson is both scientific and
phenomenological: the chemistry of flavor can reach into the affective mind without crossing
the blood—brain barrier.

10.3 Priority Research Directions for a Clearer Receptor-Level Food Science
To move beyond hype and speculation, future research should pursue:

e Quantitative pharmacokinetics of food-derived compounds in real-world diets, focusing
on Cmax and tissue distribution.

¢ BBB penetration studies using labeled molecules and realistic ingestion scenarios.

e Integrated human trials that pair receptor-specific endpoints (e.g. EEG, imaging,
biomarkers) with subjective reports, controlling for expectation and co-consumption.

o Stratified studies that account for genetic variation, enzyme polymorphisms, and
microbiome composition, which may govern individual responses to food compounds.

e Updated in vitro—in vivo translation models that emphasize achievable concentration
ranges and metabolic context.

Ethically, researchers and communicators should resist the temptation to sell narratives of
“natural psychoactives” without the pharmacological backing. Instead, we should embrace the
sophisticated truth: food can modulate mood and perception, but not always through direct
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CNS receptor action. The task is not to downplay the power of food, but to accurately
characterize the pathways through which it speaks to the brain.
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