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Abstract—The skin is increasingly recognized as a complex organ that communicates bidirectionally with the nervous system through the skin-
brain axis. Psychological stress and neural signaling play a crucial role in maintaining skin homeostasis and are involved in various inflammatory
and sensory skin disorders. Neurocosmetics have recently emerged as an innovative approach aimed at modulating neural and immune pathways
to improve both skin health and emotional well-being. This review focuses on the biological basis of neurocosmetics, including the skin-brain axis
and neuro-immuno-endocrine interactions. It highlights the role of neuropeptides, sensory nerve activation, and stress-mediated inflammatory
pathways in skin physiology and pathology. The review also summarizes key neurocosmetic ingredients such as peptides, plant extracts, essential
oils, adaptogens, and cannabinoids, along with their mechanisms of action. Furthermore, it discusses their applications in stress-related skin
conditions, sensitive skin, chronic pruritus, and premature aging. Challenges related to formulation, safety, and regulatory aspects are also
addressed. Overall, neurocosmetics represent a promising interdisciplinary approach for holistic skin care and future personalized therapies.
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I. INTRODUCTION

he biggest organ in the human body is the skin. It acts as
the primary conduit between stressors from the outside

world and our interior surroundings. The skin, which
was formerly thought of as a passive physical barrier, is now
recognized as a dynamic organ with intricate immunological,
neuroendocrine, and sensory functions [1]. Temperature
variations, mechanical stress, UV light, and chemical exposure
are among the environmental stimuli that it continuously
detects. It reacts by means of synchronized signaling pathways
involving peripheral nerve endings, immunological mediators,
and skin cells.

The skin-brain axis, a two-way communication network
between the skin and the neurological system, is supported by
mounting scientific data [2]. This axis enables skin processes to
be influenced by our emotional and psychological states. Skin
disorders can therefore have an impact on mental health.
Studies reveal that many skin conditions, including rosacea,
psoriasis, acne, atopic dermatitis, and persistent itching, can be
made worse by psychological stress. This emphasizes how
crucial nerve control is to the health of the skin [3, 4].

In this regard, a new subject that combines dermatology,
neuroscience, and cosmetic research is called neurocosmetics.
Products made to interact with skin nerve endings,
neuroreceptors, or neurochemical pathways are known as
neurocosmetics. Their objective is to enhance emotional
comfort, sensory awareness, and skin health [5, 6].
Neurocosmetics seek to affect neurological pathways
associated with inflammation, stress response, itching, and skin
sensitivity, in contrast to conventional cosmetics that primarily
target surface-level problems such as hydration and barrier
repair [7].

Neurotransmitters, neuropeptides, and stress hormones are
only a few of the neuroactive substances that the skin can create
and react to, according to research in psychodermatology and
neuro-immuno-cutaneous investigations [8]. Neurogenic
inflammation, impaired barrier function, heightened skin
sensitivity, and a worse quality of life can result from an
imbalance between these chemicals [3, 9].

Neuroactive components like peptides, botanical extracts,
essential oils, adaptogens, and cannabinoids are being included
in topical cosmetics due to recent developments in cosmetic
science. By focusing on neurological and neuro-immune
pathways in the skin, these components are supposed to have
soothing, anti-inflammatory, anti-itch, and stress-relieving
properties [5, 7]. Because of this, neurocosmetics are viewed as
instruments for enhancing general mental well-being and
quality of life in addition to being products for improving skin
look [4].

TABLE 1. Comparison between conventional cosmetics and neurocosmetics

Conventional .
Parameter . Neurocosmetics
Cosmetics
Primary target Epidermal structure Cutaneous nerves and
receptors
. L . . Neural and neuro-immune
Main objective Hydration, protection v uro-mmu
modulation
Role of stress Indirect Directly targeted
. .. . N i
Key mediators Lipids, antioxidants europep t1des,
neurotransmitters
Skin health and emotional
Outcome Improved appearance
comfort

The scientific evidence for neurocosmetics is still being
developed, despite increasing economic interest. For the safe
and rational development of neurocosmetic products, a
thorough grasp of the molecular underpinnings of the skin-brain
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axis and neurogenic inflammation is essential. This study seeks
to encapsulate the existing understanding of the mechanisms

behind neurocosmetics, emphasizing skin-brain
communication, neurogenic inflammation, neuroactive
cosmetic components, and their clinical and cosmetic
applications.
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Figure 1. Schematic representation of the skin—brain axis./7]

II. THE SKIN, BRAIN AXIS, AND THE NEURO-IMMUNO-

ENDOCRINE SYSTEM

The nervous system and skin are related organs that
originate from the same layer of the embryo called the
ectoderm. We refer to this shared origin as the "skin-brain axis"
because it provides a biological basis for continuous structural
and functional connection between the skin and the central
nervous system [10]. Because of this relationship, the skin
functions as a sensory organ and actively contributes to
immunological and neuroendocrine regulation.

Sensory and autonomic nerve fibers are found throughout
the skin, extending into the dermis and epidermis. These fibers
develop intimate connections with immune cells, sebocytes,
keratinocytes, and vascular networks [11]. They are capable of
sending signals to the central nervous system in response to
mechanical, thermal, chemical, and inflammatory stimuli. By
producing neuropeptides, neurotransmitters, and stress-related
mediators, the brain can also affect skin physiology [10, 12].

The skin functions autonomously as a neuro-immuno-
endocrine organ outside of its cerebral connections. Skin cells
can synthesize neuroactive compounds that resemble those
produced by the central nervous system and have functional
receptors for neurohormones and neurotransmitters [10]. The
production of corticotropin-releasing hormone (CRH),
adrenocorticotropic hormone (ACTH), cortisol, serotonin, and
catecholamines by keratinocytes, melanocytes, mast cells, and
fibroblasts enables the skin to trigger localized stress reactions
independently of the entire endocrine system [13].

Psychological stress is necessary for activating the skin-
brain axis. The hypothalamic-pituitary-adrenal (HPA) axis and
peripheral sensory neurons are stimulated by stress, which
causes the skin to release stress hormones and neuropeptides
[11, 14]. These compounds directly link emotional stress to skin
inflammation and deteriorating illness by promoting blood
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vessel dilatation, increased vascular permeability, immune cell
activation, and changes in epidermal barrier function [12, 15].

It is also crucial to remember that there is two-way
communication in the skin-brain axis. Inflammation, irritation,
or damage to the skin's barrier can trigger sensory nerve endings
and transmit messages to the central nervous system. Stress
perception and emotional pain may increase as a result [10, 11].
The persistence and recurrence of stress-related skin problems,
as well as the substantial correlation between psychological
discomfort and chronic inflammatory skin illnesses, can be
explained by this feedback loop [14, 16].

Dermatological and cosmetic research will be significantly
impacted by the recognition of the skin as an active neuro-
immuno-endocrine organ. The scientific basis for developing
neurocosmetic techniques intended to alter neural signaling,
reduce stress-induced inflammation, and enhance skin comfort
and balance is an understanding of the mechanics of the skin-
brain axis [1, 3]. By focusing on this axis, topical treatments for
sensitive skin, stress-related flare-ups, and skin disorders
associated with psychological aspects can be rational and
creative.
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Figure 2. Skin functions as a neuro-immuno-endocrine organ.

III. NEUROGENIC INFLAMMATION AND NEUROPEPTIDE-

MEDIATED SIGNALING IN SKIN

Stress-related and sensitive skin problems are primarily
caused by neurogenic inflammation, a crucial mechanism
linking the brain system to skin immunological responses.
Neuropeptides that impact vascular, immunological, and skin
cells are released as a result of the activation of peripheral
sensory nerve fibers in the skin [17]. In contrast to conventional
immune-mediated inflammation, neurological stressors such as
stress, temperature fluctuations, mechanical discomfort, and
chemical exposures can rapidly cause neurogenic
inflammation.

The most researched neuropeptides linked to neurogenic
inflammation in the skin are substance P and calcitonin gene-
related peptide (CGRP) [18, 19]. After nerve activation, these
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neuropeptides are primarily produced by unmyelinated C-fibers
and sparsely myelinated Ad fibers. While CGRP produces
significant vasodilation and modifies immune cell activity,
substance P promotes blood vessel dilatation, plasma leakage,
and mast cell activation [18, 19]. When combined, these
behaviors lead to skin irritation, redness, swelling, and itching.

Because of their close association with peripheral nerve
terminals, mast cells significantly amplify neurogenic
inflammation. Histamine, cytokines, proteases, and growth
factors are generated when mast cells are stimulated by
neuropeptides released from sensory neurons [20, 21]. By
increasingly sensitizing sensory nerve fibers, these mediators
produce a feedback loop that perpetuates pain and inflammation
[21]. In chronic inflammatory skin disorders such as rosacea,
atopic dermatitis, and stress-induced acne, this relationship is
particularly crucial.

Itching, burning, stinging, and discomfort are among the
sensory sensations associated with neurogenic inflammation.
The central nervous system receives signals from cutaneous
sensory nerves, which raises pain awareness and promotes
central sensitization [17, 22]. Even in the absence of apparent
lesions, patients with chronic inflammatory skin illnesses
frequently report increased sensory reactions, which can be
explained by persistent activation of these pathways [23].

Mast cell

Nerve endings

perception

Figure 3. Mechanism of neurogenic inflammation in the skin.

By reducing the ease of sensory neuron activation and
increasing the release of neuropeptides in the skin,
psychological stress exacerbates neurogenic inflammation [21,
23]. When neurogenic impulses are amplified, stress causes
vascular permeability to rise, more immune cells to be drawn
in, and the epidermis barrier to be weakened. Recurrence and
persistent illness are encouraged by this cycle [17, 22]. These
mechanisms account for the substantial correlation between
emotional stress and itchy or inflammatory skin diseases.
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Neurogenic inflammation is a crucial therapeutic target
from a neurocosmetic perspective. Neurocosmetic formulas
seek to reduce inflammation, alleviate symptoms, and restore
skin homeostasis by altering how sensory nerves activate,
inhibiting neuropeptide release, or interfering with neuro-
immune interactions [1, 3]. Developing successful
neurocosmetic solutions for sensitive and stressed skin requires
an understanding of the underlying principles of neurogenic
inflammation.

TABLE 2. Major neuropeptides involved in neurogenic inflammation and
their cutaneous effects

Neuropeptide Primary Source Major Cutaneous Effects
Substance P Sensory nerve Vasodilation, mast cell
fibers activation, pruritus
CGRP Sensory nerve Vasodilation, immune
fibers modulation
Neuropeptide Autonomic nerves Vascular regulation, immune
Y effects
CRH (local) Keratinocytes, Stress response, inflammation
nerves

IV. NEUROCOSMETIC ACTIVE INGREDIENTS AND THEIR
MECHANISMS OF ACTION

Neuroactive substances that can interact with skin nerve
endings, neuroreceptors, and neuro-immune signals are
essential to the development of neurocosmetic products. These
components are designed to affect nerve transmission, lessen
stress-induced inflammation, alleviate sensory pain, and
enhance overall skin homeostasis [24]. Neurocosmetic
compounds alter how the skin and brain communicate, in
contrast to conventional cosmetic ingredients that target the
structure of the skin.
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Figure 4. Mechanism of action of neurocosmetic ingredients.

4.1 Peptides and Neuro-Modulating Agents

Among the most researched neurocosmetic agents are
cosmetic peptides. Certain peptides diminish inflammatory
signals, lessen muscular contractions, and lessen sensory
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discomfort by influencing neurotransmitter release or receptor
function [27, 28]. By preventing the production of pro-
inflammatory neuropeptides from sensory neurons, these
peptides can lessen neurogenic inflammation. Because of their
targeted activity and great safety profiles [27, 28], neuroactive
peptides are widely employed in anti-aging, calming, and
sensitive skin treatments.

4.2 Botanical Extracts and Adaptogens

Because they have several biological effects, botanical
compounds are significant in neurocosmetics. By affecting
neuro-immune signaling pathways in the skin, plant-based
compounds can soothe, lessen stress, and reduce inflammation
[30, 31]. By controlling stress-related mediators and reducing
oxidative damage, adaptogenic botanicals assist the skin in
managing environmental and psychological stress [32].
Because of these characteristics, botanical extracts are
especially well-suited for skin that is reactive and stressed.

4.3 Essential Oils and Aromachology

Because essential oils can influence both skin sensory
nerves and emotional reactions, their application in
neurocosmetic formulations is growing. Certain essential oils
have soothing or uplifting effects by interacting with scent
receptors and sensory nerve endings, which indirectly affects
the skin-brain connection [24, 30]. However, especially for
sensitive skin, precise formulation is necessary to prevent
irritation and guarantee safe use [30].

4.4 Cannabinoids and the Endocannabinoid System

A new class of neurocosmetic compounds is cannabinoids.
Inflammation, oil production, cell development, and sensory
perception are all regulated by the skin's functional
endocannabinoid system [25, 26]. Due to its purported anti-
inflammatory, anti-itch, and oil-regulating qualities,
cannabidiol (CBD) has attracted a lot of attention [26].
Cannabinoids are appealing candidates for neurocosmetic use
because they can reduce neurogenic inflammation and restore
skin equilibrium by interacting with cannabinoid and non-
cannabinoid receptors [25, 26].

TABLE 3. Major classes of neurocosmetic active ingredients and their
proposed actions

Ingredient class Examples Primary neurocosmetic
effects
. Neuromodulating Reduced neurotransmitter
Peptides ) .
peptides release, soothing
Botanicals Adaptogens, plant Antl—stress, anti-
extracts inflammatory
Essential oils Lavendgr, Sensory calm?ng, mood
chamomile modulation
Cannabinoids CBD Anti-inflammatory, anti-
pruritic

V. CLINICAL AND COSMETIC APPLICATIONS OF
NEUROCOSMETICS

The promise of neurocosmetics to treat skin diseases,
including psychological stress, sensory nerve activation, and
neurogenic inflammation, has drawn interest. In addition to
improving skin health, these formulations address associated
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sensory sensations and emotional pain by focusing on brain and
neuro-immune pathways [33].

5.1 Stress-Related Skin Disorders

Numerous dermatological disorders are known to be
triggered by psychological stress. Flare-ups and compromised
barrier function result from stress's activation of the skin-brain
axis, which promotes the release of neuropeptides, stress
hormones, and inflammatory mediators [33, 38]. Stress-related
inflammatory reactions may be lessened, and skin tolerance
may be enhanced by neurocosmetic treatments that control
these pathways.

One prevalent skin condition that is impacted by stress is
acne vulgaris. Emotional stress can exacerbate acne severity
and persistence by influencing neuropeptide release,
inflammatory signaling, and sebaceous gland activity [33].
Therefore, by lowering inflammation and irritation,
neurocosmetic ~ formulations containing calming and
neuromodulating substances may assist in supporting stressed
acne.

5.2 Sensitive Skin and Neurosensory Dysfunction

Increased sensory awareness, including stinging, burning,
itching, and discomfort, is common in sensitive skin, even in
the absence of obvious clinical symptoms. Sensitive skin is
increasingly associated with neurosensory dysfunction, which
includes altered neuropeptide signaling and excessively
reactive skin nerve endings [36]. For those with sensitive or
reactive skin, neurocosmetics targeting neural pathways may
help restore normal sensory nerve activation and reduce
discomfort [7, 36].

In cases of sensitive skin, when conventional cosmetic
compounds may not be well accepted, it is especially crucial to
modulate neurogenic inflammation and sensory signals.
Neurocosmetic techniques are appropriate for long-term usage
because they aim to reduce inflammation and restore skin
comfort [36].

5.3 Atopic Dermatitis and Chronic Inflammatory Conditions

Atopic dermatitis and other chronic inflammatory skin
disorders are significantly impacted by neuro-immune
interactions and psychological stress. Stress-induced sensory
nerve activation and immunological pathways play a role in the
disease's chronic nature, inflammation, and itching [35]. For the
treatment of atopic and stress-related inflammatory skin
disorders, neurocosmetic formulations that lessen neurogenic
inflammation and calm sensory symptoms may offer extra
assistance [35, 38].

Another disorder that is strongly linked to neurogenic
processes is chronic itching. Persistent itching and a decline in
quality of life are caused by central sensitization and continuous
activation of sensory nerves [39]. When used as supportive
skincare products, neurocosmetics that alter sensory nerve
signaling may reduce itching and improve comfort [39].

5.4 Stress-Induced Skin Aging and Quality of Life

Through oxidative stress, inflammation, and
neuroendocrine alterations, psychological stress is also
associated with early skin aging [34]. Stress can change
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immunological regulation, barrier function, and collagen
formation, all of which can accelerate aging. Reducing stress-
related signals by neurocosmetic techniques may enhance skin
resilience and postpone obvious signs of aging [34].

Dermatological disorders can have a substantial impact on
emotional health and quality of life in addition to obvious skin
changes. Emotional health may be negatively impacted by skin
conditions that result in discomfort, itching, or obvious lesions
[37]. Neurocosmetics may enhance patient-reported results and
general well-being by treating both skin complaints and sensory
discomfort [37, 38].

TABLE 4. Clinical and cosmetic applications of neurocosmetics

o Neurogenic Potential neurocosmetic
Condition .
involvement benefit
Stress-induced Reduced flare-ups,
Acne . . .
inflammation soothing
Sensitive skin Neurosenspl"y Decreaseq bgmlng and
hyperreactivity stinging
Atopic Neuro-immune Reduced itch and
dermatitis dysregulation inflammation
. . n n
Chronic pruritus Se sory nerve Improved sensory comfort
sensitization
Stress-induced Neuroendocrine . .
. . Enhanced skin resilience
aging imbalance
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Figure 5. Stress-related skin conditions targeted by neurocosmetics.

VI. DELIVERY SYSTEMS, FUTURE TRENDS, AND

CHALLENGES IN NEUROCOSMETICS

Neurocosmetic formulations' efficacy depends on both the
selection of neuroactive chemicals and their capacity to reach
and interact with the appropriate skin targets. Advanced
delivery mechanisms are essential for improving stability,
penetration, and localized action because many neuroactive
substances aim to function inside the epidermis and superficial
dermis [40, 41].

Liposomes, solid lipid nanoparticles, and polymeric
nanoparticles are examples of nanocarrier-based delivery
systems that have been investigated to enhance the controlled
release and skin retention of neuroactive substances [40]. These
systems are appropriate for long-term usage, particularly in
sensitive skin, because they improve bioavailability while
decreasing systemic absorption [41].
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The rapidly developing discipline of neurocosmetics places
a strong emphasis on customized skincare that is well-being-
focused. Thanks to developments in skin biology, digital
diagnostics, and cosmetic formulation science, customized
approaches that take lifestyle factors, skin sensitivity, and stress
levels into account have been developed [42]. This pattern is a
reflection of the rising desire from consumers for holistic
skincare that takes into account both mental comfort and
physical beauty.

Several obstacles still exist despite encouraging
advancements. Neurocosmetics lack conventional standards,
which makes it more difficult to classify products and validate
claims. Furthermore, it is difficult to evaluate efficacy
objectively due to a lack of validated biomarkers for sensory
and affective outcomes and a lack of long-term clinical data
[42]. The appropriate development and adoption of
neurocosmetic products will depend on resolving these
difficulties.
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Figure 7.
VIL

Neurocosmetics represent a paradigm shift in cosmetic
science, moving away from surface-focused skincare and
toward a more comprehensive approach that incorporates the
skin's endocrine, immunological, and neurological regulation.
Skin function is intimately related to psychological stress,
sensory nerve activity, and neuro-immune communication,
according to a deeper knowledge of the skin-brain axis. The
development of inflammatory and stress-related skin disorders,
neurogenic inflammation, and sensory discomfort is all
influenced by disruptions in these pathways.

This review provides scientific backing for neurocosmetic
therapies by highlighting the critical role of neurogenic
processes and neuropeptide-mediated signaling in skin health
and illness. When properly blended, neuroactive components
such as peptides, botanicals, essential oils, adaptogens, and
cannabinoids may alter brain signaling, lower inflammation,
and enhance sensory comfort. Clinical uses of neurocosmetics
are particularly pertinent in situations where traditional
approaches might not be successful, such as sensitive skin, skin
diseases linked to stress, persistent itching, and stress-induced
skin aging.

CONCLUSION
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There are also issues, such as a lack of validated biomarkers
for sensory and affective outcomes, a lack of standardized
clinical data, and regulatory ambiguities around neurocosmetic
claims, despite significant developments. Future studies should
concentrate on developing objective evaluation techniques,
improving delivery technologies, and encouraging cooperation
between dermatology, neurology, and cosmetic formulation
science. Neurocosmetics, which treat both skin health and
emotional well-being thoroughly, could become a crucial

component

of next-generation skincare with continued

scientific validation and responsible development.
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