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Inrecentyears, cosmeceuticals have emerged as a dynamic hybrid between cosmetics and pharmaceuticals,
offering not only aesthetic enhancement but also therapeutic benefits for various skin conditions. This
review highlights the cutting-edge advancements in cosmeceuticals used in skincare, with a particular
focus on novel bioactive ingredients, innovative delivery systems, and personalized approaches. The
evolution of cosmeceutical science has been significantly influenced by breakthroughs in nanotechnology,
biotechnology, and molecular dermatology, leading to the development of highly stable and effective
formulations that penetrate deeper skin layers with greater precision. Emerging compounds such as
peptides, growth factors, botanical antioxidants, and marine-derived actives have shown promising results
in anti-aging, pigmentation correction, acne management, and barrier repair. Moreover, nanocarriers like
liposomes, ethosomes, solid lipid nanoparticles, and dendrimers have revolutionized delivery systems,
ensuring targeted and controlled release of active agents. This paper also explores the integration of
omics technologies and artificial intelligence in designing personalized skincare regimens based on
genetic, environmental, and lifestyle factors. Consumer demand for sustainable, cruelty-free, and “clean
label” formulations has further fueled innovation in natural and plant-based cosmeceuticals. The future
of skincare lies in multifunctional cosmeceuticals that blend efficacy with safety, supported by rigorous
scientific validation and regulatory compliance. This review provides a comprehensive overview of
recent advancements and sets the foundation for future research, highlighting the immense potential of
cosmeceuticals as a cornerstone in modern dermatological care.

INTRODUCTION

and prevent dermatological concerns at the molecular

Inrecentyears, the global skincare industry has witnessed
a paradigm shift with the growing integration of
pharmaceuticals and cosmetics, giving rise to a dynamic
category known as cosmeceuticals. These bioactive
compounds, situated at the interface of cosmetics and
therapeutics, offer more than superficial enhancement
by exerting physiological benefits on the skin, such as
anti-aging, photoprotection, depigmentation, hydration,
and barrier repair. Unlike conventional cosmetics that
merely improve appearance, cosmeceuticals aim to treat

and cellular levels. The increasing consumer demand for
multifunctional, science-backed, and natural ingredient-
based skincare solutions has propelled significant
innovation in this sector. Recent advancements in
nanotechnology, peptide-based formulations, botanical
actives, and delivery systems have further revolutionized
the efficacy and safety profiles of cosmeceuticals. This
review highlights the cutting-edge developments in
cosmeceutical formulations, emerging active ingredients,
novel drug delivery mechanisms, and the scientific
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rationale behind their skin-enhancing actions, while
also addressing the regulatory and clinical challenges
that influence their market positioning and therapeutic
credibility. (Lee et al., 2020)

The global cosmeceuticals market has demonstrated
impressive growth in recent years and is forecasted to
expand substantially in the coming decade. In 2025, the
market is valued at approximately USD 71.23 billion and
is expected to reach USD 152.58 billion by 2034. This
remarkable growth trajectory, marked by a compound
annual growth rate (CAGR) of 8.83%, is largely attributed
to rising consumer demand for products that provide
both cosmetic appeal and therapeutic value. Contributing
factors include rapid technological advancements in
skincare formulations and increasing global awareness
about skin health and wellness Regionally, the Asia-Pacific
(APAC) market dominates the global cosmeceuticals
landscape, contributing over 41% of the total market share
in 2022. This leadership position is fueled by a growing
middle-class population, accelerated urbanization, and
deeply rooted cultural preferences for skincare. Countries
such as China, Japan, and South Korea are key drivers, with
trends like K-beauty and J-beauty significantly influencing
consumer behavior and propelling demand for innovative,
high-efficacy skincare solutions. (Lima & Moraes, 2018)
In North America, the cosmeceuticals market, though
mature, continues to exhibit dynamic growth, holding
around 30% of the global share in 2023. Key growth
enablers include a strong consumer inclination toward
premium and personalized beauty products, the presence
ofleading multinational brands, and substantial disposable
income that facilitates high-value purchases. Europe also
holds a vital position in the global cosmeceuticals market,
accounting for approximately 25% of the market share
in 2023. The region’s growth is supported by increasing
consumer interest in skincare and anti-aging solutions,
rigorous regulatory frameworks that ensure product
safety and efficacy, and a growing shift toward natural and
organic formulations. These trends indicate a maturing yet
responsive market with opportunities for sustainable and
clean-label innovations. (Lee et al., 2020)

The evolution of cosmeceuticals—a blend of cosmetics
and pharmaceuticals—reflects humanity’s longstanding
pursuit of both beauty and skin health. Historically, ancient
civilizations like Egypt, India, and China used natural
ingredients such as honey, turmeric, and olive oil for
both beautification and healing, laying the foundation for
modern multifunctional skincare. The scientific revolution
in dermatology during the 20th century marked a turning
point. Dr. Albert Kligman coined the term “cosmeceutical”
in the 1980s, emphasizing that certain topical products
could influence skin function, not just appearance. This
era saw the rise of active ingredients such as retinoids,
alpha hydroxy acids (AHAs), and antioxidants like vitamin
C, establishing the therapeutic potential of skincare. (Lima
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& Moraes, 2018)

The 21st century has seen cosmeceuticals advance
rapidly due to breakthroughs in nanotechnology,
dermatopharmacology, and personalized skincare. Active
ingredients such as peptides, ceramides, and plant-derived
extracts are now formulated for improved bioavailability
and targeted action. Consumers increasingly prefer
evidence-based, natural, and personalized products
that offer tangible skin benefits beyond aesthetics.
Cosmeceuticals are now integral in managing conditions
like acne, hyperpigmentation, photoaging, and eczema.
Their popularity is driven by aging populations,
environmental stressors, and social media-fueled beauty
awareness. Globally, the cosmeceutical market is valued
at billions, with Asia-Pacific leading growth due to
innovation and cultural skincare routines. In essence,
cosmeceuticals have transformed from traditional
remedies into scientifically validated therapies, bridging
the gap between beauty and medicine. As skin biology
and drug delivery technologies evolve, these products
will continue to redefine skincare in both therapeutic and
aesthetic contexts.

Classification of Cosmeceuticals

Cosmeceuticals represent a hybrid category
between cosmetics and pharmaceuticals,
offering both aesthetic appeal and therapeutic
benefits. Unlike conventional cosmetics, which
primarily enhance appearance, cosmeceuticals
contain biologically active ingredients that exert
beneficial effects on skin health at a cellular level.
The classification of cosmeceuticals is essential
for understanding their diverse applications and
mechanisms of action as shown in Figure 1. These
products can be broadly categorized based on
their function (e.g., anti-aging, depigmenting),
active ingredients (e.g., peptides, botanical
extracts, vitamins), or targeted skin concerns
(e.g., acne, photodamage, hyperpigmentation).
This structured approach aids in precise product
development, regulatory understanding, and

personalized skincare interventions. (Lee et al,
2020)

On the Basis of Function

Anti-aging

Anti-aging products are designed to reduce visible signs
of skin aging, such as wrinkles, fine lines, and loss of
elasticity. Common active ingredients include retinoids
(e.g., retinol), peptides (e.g., Matrixyl), and antioxidants
(Vitamin C, E). These ingredients work by promoting
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Figure 1: Classification of Cosmeceuticals

collagen production, neutralizing oxidative stress, and
stimulating skin cell turnover. Studies have shown that
retinol significantly improves skin texture and elasticity
over time. The global anti-aging market is rapidly growing,
driven by a demand from millennials and Gen X consumers
looking for clinically backed, clean-labeled products. Major
brands like Olay and L'Oréal are increasingly offering
retinoid and peptide-based formulations. (Raj et al., 2012)

e Skin whitening

Skin whitening formulations target skin discoloration
and hyperpigmentation by inhibiting melanin production.
Key ingredients include hydroquinone (banned in some
regions), kojic acid, arbutin, and niacinamide. These
agents work by either inhibiting the tyrosinase enzyme
or reducing melanin transfer in skin cells. Niacinamide, in
particular, has shown synergistic effects when combined
with other agentslike tranexamic acid. The skin whitening
marketis growing, especially in Southeast Asia and Africa.
The term “whitening” is being replaced by “brightening”
due to shifting consumer preferences, with brands such
as K-beauty and Japanese brands leading the market by
focusing on ethical and natural formulations. (Pandey &
Dahiya, 2016)

e Moisturizing

Moisturizers help maintain skin hydration by attracting,
retaining, and preventing water loss. Common humectants
like hyaluronic acid and glycerin draw moisture into
the skin, while emollients (e.g., squalene) and occlusives
(e.g., dimethicone) provide a barrier. Hyaluronic acid has
become especially popular due to its ability to retain

moisture in the skin. Studies have shown that it improves
skin hydration significantly over time. The global demand
for moisturizers is high, particularly in colder climates and
dry conditions. Brandslike CeraVe and The Ordinary are at
the forefront of marketing these products with a focus on
dermatologically tested formulas and the rising popularity
of hyaluronic acid-based serums. (Raj et al., 2012)

e Anti-acne

Anti-acne formulations aim to reduce excess sebum,
bacterial growth, and inflammation in the skin. Active
ingredients such as salicylic acid, benzoyl peroxide, and
niacinamide are commonly used. These ingredients
help clear clogged pores, reduce acne-causing bacteria,
and calm inflammation. Studies have confirmed that
salicylic acid and niacinamide can significantly reduce
acne lesions over time. The anti-acne market is booming,
with a projected growth trajectory driven by increasing
awareness, especially among teenagers and young adults.
Influencer-driven campaigns on platforms like TikTok and
Instagram are heavily influencing trends, with brands like
Paula’s Choice and La Roche-Posay leading the charge with
gentle, yet effective formulations. (Pandey & Dahiya, 2016)

e UV Protection

Sunscreens are essential for protecting the skin from
harmful UV radiation, which causes premature aging and
skin damage. Ingredients like zinc oxide and avobenzone
act as physical and chemical filters to block UV rays.
Research has shown that broad-spectrum sunscreens
with high SPF provide significant protection from DNA
damage and photoaging. The UV protection market is
growing rapidly, driven by increased awareness about
the importance of daily sun protection. The demand for
reef-safe, tinted, and hybrid sunscreens has surged, with
brands like Supergoop! and ISDIN offering innovative,
non-greasy, and skin tone-inclusive formulations. (Dorni
etal, 2017)

e On the basis of origin

The pharmacological agents used in therapeutic
interventions can be broadly classified into several
categories based on their origin. These classifications
include botanical-derived agents, marine-derived agents,
biotechnological/peptide-based agents, and synthetic
agents. Each class has unique benefits, applications, and
global implications for drug development and healthcare.

e Botanical-derived agents

These agents are sourced from plants and have been
used in traditional medicine for centuries. They include
alkaloids, flavonoids, and terpenoids, which have
demonstrated a range of pharmacological effects such
as anti-inflammatory, antioxidant, and antimicrobial
activities. For instance, compounds like curcumin from
Curcuma longa have been extensively researched for their
potential in cancer therapy, and Hypericum perforatum
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(St. John’s Wort) is used for depression treatment. The
global impact of botanical-derived drugs is significant,
particularly in developing countries where traditional
herbal medicine is widely practiced. Recent studies have
emphasized the integration of phytochemicals in modern
pharmaceutical formulations, thereby contributing to
the global trend of natural product-based drug discovery.
(Mehta & Fitzpatrick, 2007)

e Marine-derived agents

The marine environment harbors a wealth of biologically
active compounds, such as marine alkaloids, peptides, and
polysaccharides. Marine organisms, including sponges,
corals, and algae, are rich sources of novel chemical
structures that can serve as potential therapeutic agents.
For example, the marine-derived compound trabectedinis
used for the treatment of soft tissue sarcomas. The global
impact of marine-based pharmaceuticals is growing,
especially in the development of cancer and antiviral
therapies. Marine biotechnology is an emerging field, with
countries like Japan, the U.S., and several European nations
investing heavily in this area due to the unique bioactive
compounds found in marine organisms. (Huang et al,, 2009)

e Biotechnological/peptide-based agents

Peptide-based therapeutics are gaining traction due
to their specificity, lower toxicity, and ability to target
complex diseases. These agents are synthesized using
biotechnological processes involving genetically
engineered microorganisms or cells. Insulin, a peptide
hormone, is one of the most famous biotechnological
products, revolutionizing the treatment of diabetes.
More recently, peptide-based drugs are being developed
for treating cancer, autoimmune disorders, and genetic
conditions. The global market for peptide-based drugs
is rapidly expanding, with advancements in peptide
synthesis, delivery systems, and formulations. Countries
around the world, especially in Europe and North America,
are investing in this area, recognizing the potential of
peptides to address unmet medical needs. (Mehta &
Fitzpatrick, 2007)

e Synthetic agents

Synthetic drugs are chemically engineered in laboratories,
offering high consistency, stability, and reproducibility
in production. These agents include a wide variety of
compounds, such as antibiotics (e.g., penicillin), analgesics
(e.g., acetaminophen), and antineoplastic agents (e.g.,
cisplatin). The global pharmaceutical industry heavily
relies on synthetic agents, given their ability to be
tailored to treat a wide range of conditions. The advent
of synthetic drug discovery, particularly in the realm
of high-throughput screening and computational drug
design, has revolutionized the treatment of infectious
diseases, cancer, and cardiovascular conditions. (Huang et
al, 2009) With advancements in synthetic chemistry, many
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new synthetic agents are continually being developed,
improving the global healthcare system’s ability to treat
diseases effectively.

Recent advancements in cosmeceutical ingredients

e Bioactive peptides (e.g., Matrixyl, Argireline)

Bioactive peptides are short sequences of amino acids
that exhibit targeted biological activity beneficial for
skin rejuvenation and anti-aging. Matrixyl (palmitoyl
pentapeptide) is known for stimulating collagen synthesis,
thereby reducing the appearance of wrinkles and fine
lines. Argireline (acetyl hexapeptide-8), often referred to
as “Botox in a jar,” works by inhibiting neurotransmitter
release, leading to reduced muscle contraction and
smoother skin. These peptides are frequently incorporated
into serums and creams to enhance skin firmness and
elasticity without invasive procedures. (Duplan & Nocera,
2018)

e Growth factors and cytokines

Growth factors and cytokines are naturally occurring
proteins and signaling molecules that regulate cellular
growth, proliferation, and healing. In cosmeceuticals,
recombinant growth factors such as epidermal growth
factor (EGF) and transforming growth factor-beta (TGF-3)
are employed to accelerate skin regeneration, boost
collagen production, and reduce signs of photoaging. These
actives mimic the skin’s natural repair mechanisms and
are particularly useful in post-procedural care and anti-
aging formulations. (Caussin et al., 2008)

e Plant stem cells (e.g., Edelweiss, Grape)

Plant stem cells have emerged as potent botanical
ingredients in skincare, offering antioxidant and
regenerative properties. Edelweiss stem cells, derived
from aresilient alpine flower, are rich in leontopodic acids
that protect against oxidative stress and enhance skin
barrier function. Grape stem cells, particularly from Vitis
vinifera, contain polyphenols and anthocyanins that help
combat UV-induced damage and delay skin aging. These
stem cells are incorporated into creams and serums to
preserve dermal vitality and prevent environmental
damage. (Duplan & Nocera, 2018)

e Probiotics and postbiotics in skincare

Probiotics are beneficial microorganisms that maintain
the skin microbiome, while postbiotics are the metabolic
byproducts they produce. Topical application of probiotics
like Lactobacillus and Bifidobacterium species can reduce
inflammation, enhance skin barrier integrity, and soothe
conditions such as acne and rosacea. Postbiotics such as
lactic acid and bacteriocins contribute to antimicrobial
defense and skin pH regulation. These are commonly
found in barrier-repair creams, masks, and moisturizers
aimed at sensitive and compromised skin. (Caussin et al,
2008)

e
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e Cannabidiol (CBD)-infused cosmeceuticals

Cannabidiol (CBD), a non-psychoactive compound
derived from Cannabis sativa, has gained popularity in
dermatology for its anti-inflammatory, antioxidant, and
sebum-regulating properties. CBD interacts with the skin’s
endocannabinoid system to calm irritation, reduce acne
flare-ups, and improve hydration. Formulations including
CBD are marketed as therapeutic solutions for eczema,
psoriasis, and aging, available in formats like oils, creams,
and serums. (Touitou et al., 2000)

e Nanocarrier-based actives: Liposomes, ethosomes,
niosomes

Nanocarriers are advanced delivery systems that
enhance the penetration, stability, and bioavailability
of active ingredients. Liposomes are phospholipid
vesicles that encapsulate both hydrophilic and lipophilic
agents, improving skin absorption. Ethosomes, modified
liposomes containing ethanol, offer superior permeation
into deeper skin layers. Niosomes, made from non-ionic
surfactants, are cost-effective alternatives with high
entrapment efficiency. These systems are used to deliver
vitamins, peptides, and botanical extracts in controlled
and targeted manners. (Gollavilli et al., 2020)

e Retinoid alternatives (e.g., Bakuchiol)

Bakuchiol, a phytochemical derived from the Psoralea
corylifolia plant, is a promising natural alternative to
retinol. It exhibits similar effects on collagen production,
cell turnover, and pigmentation control, but without the
typicalirritation, dryness, or photosensitivity associated
with traditional retinoids. Bakuchiol is suitable for
sensitive skin and can be used both day and night, making
itapreferred ingredientin anti-aging and acne treatments.
(Touitou et al.,, 2000)

o Antioxidants: Resveratrol, CoQ10, Niacinamide

Antioxidants are essential in combating oxidative
stress and environmental aggressors. Resveratrol, a
polyphenol found in grapes and berries, offers potent
anti-aging and anti-inflammatory effects by activating
sirtuins and neutralizing free radicals. Coenzyme Q10
(CoQ10), a mitochondrial enzyme, supports cellular
energy production and reduces the appearance of fine
lines and wrinkles. Niacinamide (vitamin B3) improves
skin tone, reduces hyperpigmentation, regulates sebum,
and strengthens the skin barrier. These antioxidants
are widely included in serums, creams, and sunscreens
to preserve skin health and prevent premature aging.
(Gollavilli et al., 2020)

Mechanism of Action of Cosmeceuticals

Cosmeceuticals are topical products that bridge the
gap between cosmetics and pharmaceuticals, offering
therapeutic benefits through active ingredients that
interact with skin biology. Their mechanisms of action
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are diverse, targeting various skin concerns such as aging,
pigmentation, and inflammation.

e Hydroxy acids (AHAs, BHAs, PHAs)

These acids, including glycolic, lactic, and salicylic acids,
function primarily by exfoliating the stratum corneum,
promoting cell turnover, and enhancing skin texture. They
also stimulate dermal remodeling by increasing collagen
and glycosaminoglycan synthesis, leading to improved
skin elasticity and reduced wrinkles. (Kazi et al., 2010)

e Peptides

Peptides like palmitoyl pentapeptide (Matrixyl) and
copper tripeptide-1 actas signaling molecules, stimulating
collagen and elastin production. They also facilitate wound
healing and improve skin firmness. Some peptides mimic
neurotransmitters to reduce muscle contractions, thereby
diminishing expression lines. (Gollavilli et al., 2020)

o Antioxidants

Compounds such as coenzyme Q10, vitamin C, and
vitamin E neutralize free radicals, protecting the skin
from oxidative stress and photoaging. Coenzyme Q10, for
instance, not only acts as an antioxidant but also inhibits
tyrosinase activity, reducing hyperpigmentation. (Kazi
etal, 2010)

e Niacinamide (Vitamin B3)

Niacinamide enhances the skin barrier by stimulating
ceramide synthesis and promoting keratinocyte
differentiation. It also exhibits anti-inflammatory
properties and inhibits melanosome transfer, leading

to reduced hyperpigmentation and improved skin tone.
(Chen etal, 2019)

e Nanotechnology in cosmeceuticals

The incorporation of nanocarriers like liposomes and
solid lipid nanoparticles enhances the delivery and
stability of active ingredients. These systems improve
skin penetration, protect sensitive compounds from
degradation, and allow controlled release, thereby
increasing the efficacy of cosmeceuticals. (Kazi et al., 2010)

Application of Cosmeceuticals

Cosmeceuticals representa dynamicintersection between
cosmetics and pharmaceuticals, offering products
that not only enhance appearance but also deliver
therapeutic benefits to the skin as shown in Figure 2.
Recent advancements in this field have expanded their
applications, incorporating innovative ingredients and
delivery systems to address various dermatological
concerns. (Chen et al., 2019)

e Anti-aging and skin rejuvenation

One of the primary applications of cosmeceuticals is in
combating skin aging. Peptides, for instance, are widely
used for their ability to stimulate collagen production
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Figure 2: Applications of cosmeceuticals

and enhance skin elasticity. A review highlighted that
peptides contribute to fibroblast proliferation, aiding in
the reduction of wrinkles and improving skin firmness.
Additionally, growth factors like kinetin have been shown
to delay skin aging by promoting cell proliferation and
reducing oxidative stress. (Dreher et al., 1998)

e Enhanced delivery through nanotechnology

Nanotechnology has revolutionized cosmeceutical
formulations by improving the delivery and efficacy
of active ingredients. Liposomes, nano-sized vesicles
composed of phospholipid bilayers, are particularly
effective in encapsulating both hydrophilic and lipophilic
substances. They facilitate deeper skin penetration,
ensuring that active compounds like vitamins A, E, and K
reach targeted skin layers. Products such as Estée Lauder’s
Advanced Night Repair utilize liposomal technology to
enhance skin repair mechanisms. (Darr et al,, 1992)

e Marine-derived bioactives

The marine ecosystem offers a rich source of bioactive
compounds beneficial for skin health. Ingredients like
astaxanthin, derived from microalgae, exhibit potent
antioxidantproperties, protecting the skin from UV-induced
damage and oxidative stress. Marine polysaccharides, such
as carrageenan, provide moisturizing effects and improve
skin texture. (Dreher et al., 1998)

e Botanical extracts for skin therapy

Plant-based ingredients have long been utilized in
skincare for their therapeutic properties. Compounds like
silymarin from milk thistle and green tea polyphenols offer
antioxidant and anti-inflammatory benefits, aiding in the
treatment of conditions like acne and hyperpigmentation.
These botanicals help in neutralizing free radicals and
reducing skin inflammation, promoting a healthier
complexion. (Darr et al,, 1996)
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e Skin barrier enhancement with biotics

Maintaining a healthy skin barrier is crucial for overall
skin health. Biotic components, including probiotics and
prebiotics, support the skin’s microbiome, enhancing its
natural defense mechanisms. Incorporating these into
cosmeceutical products can improve skin hydration,
reduce sensitivity, and prevent pathogenic bacterial
growth, thereby fortifying the skin’s barrier function.
(Darretal, 1992)

The application of cosmeceuticals spans a broad spectrum,
from anti-aging solutions and advanced delivery systems
to the incorporation of marine and botanical actives, as
well as microbiome-supporting ingredients as shown in
Table 1. These advancements underscore the importance of
interdisciplinary research in developing effective skincare
products that offer both aesthetic and therapeutic benefits.
(Darretal, 1996)

Application of Major Cosmeceuticals Agents

Cosmeceuticals are hybrid products positioned between
cosmetics and pharmaceuticals, offering both aesthetic
and therapeutic benefits. These agents play a crucial
role in enhancing skin health, treating dermatological
conditions, and preventing premature aging. They often
contain bioactive ingredients that influence skin function
and structure. (Dreher et al,, 1999) Below is an overview
of the major classes of cosmeceutical agents based on
their functional activity and therapeutic claims as shown
in Table 2.

Antioxidants

Antioxidants are widely used as cosmeceuticals due to
their ability to neutralize free radicals that cause skin
aging, dullness, and damage. Common antioxidants
like Vitamin C, Vitamin E, green tea polyphenols, and
coenzyme Q10 protect skin cells from oxidative stress
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Table 1: Application area of cosmeceuticals

S. No. Application Area Description Examples & Actives
1 Anti-Aging and Skin Cosmeceuticals help reduce wrinkles, improve skin Peptides (collagen boosters), Kinetin
Rejuvenation elasticity, and support dermal regeneration. (growth factor), Retinoids
2 Nanotechnology for Improves penetration and stability of active ingredients Liposomes carrying Vitamins A, E,
Enhanced Delivery through nano-formulations like liposomes. K; Nanocarriers in Estée Lauder
Advanced Night Repair
3 Marine-Derived Marine ingredients offer antioxidant and moisturizing Astaxanthin (microalgae),
Bioactives effects while protecting against UV damage. Carrageenan (seaweed
polysaccharide)
4 Botanical Extracts for ~ Plant-derived compounds reduce inflammation, combat Silymarin (milk thistle), Green tea
Skin Therapy acne, and minimize hyperpigmentation. polyphenols
5 Biotics for Skin Barrier Prebiotics and probiotics support the skin microbiome and  Lactobacillus strains, Prebiotic
Support improve barrier function and hydration. oligosaccharides
Table 2: Application of cosmeceutical agents derived from various sources
. Source/Derivative / . . Applications /
Agent Classification Category Mechanism of Action / Use Formulation / Function
Vitamin C (Ascorbic Antioxidant & Anti- Natural (citrus Stimulates collagen synthesis, Skin brightening, anti-
Acid) Aging fruits) reduces oxidative stress aging
Vitamin E Antioxidant & Anti- . .. e s Moisturizer,
(Tocopherol) Aging Plant oils Lipid peroxidation inhibitor photoprotection
Coenzyme Q10 An_t10x1dant & Anti- Endogenous Mitochondrial antioxidant Reduces wrinkle depth
Aging compound
Ferulic Acid An_t10x1dant & Anti- Rice bran, oats Synergistic stabilizer of vitamins C Ph.otoprotectlon, anti-
Aging &E aging
Green Tea Antioxidant & Anti- Camellia sinensis Inhibit UV-induced damage, anti- UV protection. acne
Polyphenols (EGCG) Aging inflammatory p ’
Hydroquinone Skin Lightening — Tyrosinase inhibition Creams, serums
Kojic Acid Skin Lightening — Sil;eelates copper at tyrosinase active Creams, gels
Arbutin Skin Lightening Glycosylzflted Tyrosinase inhibition Lotions, whitening
hydroquinone creams
Niacinamide Skin Lightening — Inhibits melanosome transfer Creams, moisturizers
Licorice Extract o . . L Herbal lightening
(Glabridin) Skin Lightening Herbal Tyrosinase inhibitor agents
Hyaluronic Acid ll;/l:szti:rlzlng & Barrier Humectant Retains moisture in skin layers Moisturizing
Glycerin M01st.ur121ng & Barrier Humectant Attracts water to the skin Moisturizing
Repair
Ceramides l\R/I:I;?i:rlzmg & Barrier Emollient Restores lipid barrier Skin barrier repair
Squalene l\R/I:I;?i;lrlzmg & Barrier Emollient Skin softening and hydration Moisturizing
Panthenol Moisturizing & Barrier =~ Humectant and Soothing and moisturizin Moisturizin
(Provitamin B5) Repair Emollient J g g

Retinoids (Retinol,
Retinoic Acid)

Anti-Aging & Cell
Renewal

Increase collagen, accelerate cell
turnover

Wrinkle reduction, acne
treatment
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Peptides (e.g.,
Matrixyl)

Anti-Aging & Cell
Renewal

Alpha Hydroxy Acids
(Glycolic, Lactic Acid)

Anti-Aging & Cell
Renewal

Beta Hydroxy Acid
(Salicylic Acid)

Anti-Aging & Cell
Renewal

Growth Factors Anti-Aging & Cell —

Renewal
Zinc Oxide Sunscreen Physical
Titanium Dioxide Sunscreen Physical
Avobenzone Sunscreen Chemical
Octinoxate Sunscreen Chemical
Tinosorb S/M Sunscreen Chemical
Benzoyl Peroxide Anti-Acne —
Salicylic Acid Anti-Acne —
Tea Tree Oil Anti-Acne Herbal
Azelaic Acid Anti-Acne —
Minoxidil Hair and Scalp Care —
Caffeine Hair and Scalp Care —
Biotin Hair and Scalp Care —
Saw Palmetto Extract  Hair and Scalp Care Herbal

Firming, anti-wrinkle

Stimulate collagen synthesis
creams

Improve texture and

Exfoliate stratum corneum
tone

Keratolytic, anti-inflammatory Acne, fine lines

. . Advanced anti-agin,
Stimulate cell regeneration sing

serums
Reflects UVA/UVB rays UV protection
Broad-spectrum UV filter UV protection
UVA protection UV protection
UVB absorption UV protection

Broad-spectrum stable UV filter UV protection

Antibacterial, keratolytic Gels, creams

Exfoliates and reduces inflammation Cleansers, toners

Antimicrobial and anti-

inflammatory Herbal acne gels

Creams for acne and
rosacea

Inhibits keratinization and
microbial growth

Promotes hair regrowth via
vasodilation

Hair regrowth
treatment

Stimulates hair follicle proliferation  Hair strengthening

Improves hair strength and

. Hair nourishment
thickness

Inhibits 5a-reductase enzyme in

) . Hair loss prevention
androgenic alopecia

and UV-induced damage. For example, topical Vitamin
C serums brighten skin, reduce hyperpigmentation,
and stimulate collagen synthesis. Green tea extract in
moisturizers helps soothe inflammation and reduce acne.
These compounds not only enhance skin appearance
but also provide therapeutic benefits, bridging the
gap between cosmetics and pharmaceuticals. Their
incorporation into daily skincare routines supports
healthier, more youthful-looking skin. Antioxidants are
among the most commonly used cosmeceuticals due to
their ability to neutralize free radicals and protect the
skin from oxidative stress, a key factor in skin aging and
damage.(Eberlein-Kénig et al,, 1998)

Skin Lightening Agents

Skin lightening agents are compounds used to reduce
melanin production in the skin, aiming to treat
hyperpigmentation, melasma, or age spots. Common
agents include hydroquinone, which inhibits tyrosinase
enzyme activity, and kojic acid, derived from fungi, that
interferes with melanin synthesis. Other examples include
arbutin (from bearberry plants), azelaic acid, and vitamin
C, known for its antioxidant and depigmenting effects.
For instance, hydroquinone creams are often prescribed

to lighten acne scars. However, prolonged use can cause
irritation or ochronosis. Therefore, dermatological
supervision is essential. These agents are widely used
in cosmetic formulations and dermatological treatments
worldwide. These agents interfere with melanogenesis
to reduce hyperpigmentation and improve skin tone.
(Abdullah et al,, 2012)

Moisturizing and Hydrating Agents

Moisturizing and hydrating agents are essential in
skincare and pharmaceutical formulations to maintain
skin health. Hydrating agents, like glycerin and hyaluronic
acid, draw water into the skin from the environment
or deeper layers—these are known as humectants.
Moisturizing agents, such as petrolatum, lanolin, or
dimethicone, form an occlusive barrier to prevent water
loss, locking in hydration. For example, a cream containing
both glycerin (hydrating) and petrolatum (moisturizing)
offers synergistic effects, ideal for dry or sensitive skin
conditions like eczema. Proper selection based on skin
type and climate ensures optimal skin hydration and
barrier function. These substances help maintain the
skin barrier function by attracting and retaining water.
(Eberlein-Konig et al., 1998)
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Anti-Aging Agents

Anti-aging agents as cosmeceuticals are topical
formulations that help delay or reduce visible signs of
skin aging, such as wrinkles, fine lines, and age spots. They
combine cosmetic appeal with pharmaceutical benefits.
Key ingredients include retinoids (e.g., retinol), which
boost collagen synthesis; antioxidants like vitamin C and
E, which neutralize free radicals; and hyaluronic acid,
which hydrates and plumps the skin. Forinstance, a serum
containing 0.5% retinol and 10% vitamin C can visibly
improve skin texture over time. These agents are widely
used in anti-aging creams, serums, and moisturizers to
promote youthful, healthy skin with scientifically backed
outcomes. These agents target various signs of aging such
as wrinkles, sagging, and loss of elasticity. (Abdullah et
al, 2012)

Sunscreens and Photoprotective Agents

Sunscreens and photoprotective agents are vital
cosmeceuticals designed to shield skin from harmful
ultraviolet (UV) radiation. Sunscreens contain organic
(e.g., octinoxate, avobenzone) or inorganic (e.g., zinc oxide,
titanium dioxide) filters that either absorb or reflect
UV rays. They help prevent sunburn, premature aging,
and skin cancer. Photoprotective agents also include
antioxidants like vitamin E, green tea polyphenols, and
niacinamide, which neutralize free radicals generated by
UV exposure. For example, a daily moisturizer with SPF
30 and vitamin C offers both physical and antioxidant
protection. These formulations combine cosmetic appeal
with therapeutic benefits, enhancing skin health while
improving appearance. These agents protect the skin from
UV radiation, preventing photodamage and carcinogenesis.
(Gollavilli et al., 2020)

Anti-Acne Agents

Anti-acne agents as cosmeceuticals are active ingredients
used in skincare products that offer both cosmetic and
therapeutic benefits to prevent or treat acne. Common
agents include salicylic acid, which exfoliates pores and
reduces inflammation; benzoyl peroxide, which kills
acne-causing bacteria; and niacinamide, known for its anti-
inflammatory and sebum-regulating effects. For example,
a gel containing 2% salicylic acid helps clear blackheads
and whiteheads without a prescription. Tea tree oil, a
natural alternative, exhibits antibacterial properties
suitable for mild acne. These cosmeceuticals bridge the gap
between cosmetics and pharmaceuticals, offering over-
the-counter solutions for clearer skin without systemic
side effects. These agents help reduce sebaceous gland
activity, prevent microbial colonization, and unclog pores.
(Abdullah et al., 2012)

Hair and Scalp Cosmeceuticals

Hair and scalp cosmeceuticals are topical formulations
that bridge cosmetics and pharmaceuticals, designed to
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enhance hair health while delivering therapeutic benefits.
They often contain bioactive ingredients like minoxidil
(promotes hair growth), caffeine (stimulates follicles),
ketoconazole (treats dandruff), and biotin (strengthens
hair). For example, shampoos with salicylic acid and tea
tree oil help manage seborrheic dermatitis by reducing
inflammation and fungal load. Unlike regular cosmetics,
these products target the underlying causes of hair
damage, thinning, or scalp disorders. With growing
interest in natural and evidence-based treatments,
cosmeceuticals play a vital role in holistic hair and scalp
care. These agents aim to strengthen hair, reduce hair
fall, and treat scalp disorders. (Eberlein-Konig et al., 1998)

Future Perspective of Cosmeceuticals

The future of cosmeceuticals in skincare is poised
for transformative growth, driven by advancements
in biotechnology, nanotechnology, and personalized
medicine. Emerging research is increasingly focused
on developing bioactive compounds with enhanced
skin penetration, targeted delivery, and sustained
release profiles, maximizing therapeutic efficacy while
minimizing adverse effects. Nanocarriers such as
liposomes, solid lipid nanoparticles, and nanosponges
offer promising platforms to improve the stability and
bioavailability of sensitive ingredients like antioxidants,
peptides, and growth factors. Moreover, the integration of
genomics and metabolomics is enabling the customization
of cosmeceutical formulations tailored to individual
skin types, genetic predispositions, and environmental
exposures. This personalized approach promises higher
consumer satisfaction and efficacy. Additionally, the
rising demand for natural, sustainable, and ethically
sourced ingredients is catalyzing innovation in plant-
derived actives and green extraction technologies.
Artificial intelligence (AI) and machine learning are
also revolutionizing product development and safety
assessment by predicting ingredient interactions and
consumer responses more accurately. Regulatory
frameworks are evolving to accommodate these novel
formulations, ensuring safety without stifling innovation.
The convergence of cutting-edge science and consumer-
driven trends heralds a new era in cosmeceuticals,
where skincare products not only enhance appearance
but also deliver measurable dermatological benefits,
reinforcing their role at the intersection of cosmetics
and therapeutics.

CONCLUSION

Cosmeceuticals have emerged as a dynamic and rapidly
evolving field that bridges the gap between cosmetics
and pharmaceuticals, offering therapeutic benefits
beyond traditional skincare. Recent advancements
in this domain highlight a paradigm shift from mere
aesthetic enhancement to targeted, science-backed skin
health interventions. Breakthroughs in nanotechnology,
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bioactive delivery systems, stem cell extracts, peptides,
and gene-targeted formulations have significantly
enhanced the efficacy, safety, and specificity of modern
cosmeceuticals. The development of multifunctional
ingredients capable of addressing oxidative stress,
inflammation, pigmentation, and photoaging reflects the
industry’s movement toward holistic skin management.
Moreover, the incorporation of biomimetic agents and
skin microbiome-friendly compounds underscores a
deeper understanding of skin biology, paving the way for
precision skincare. Sustainable sourcing, biocompatibility,
and clean-label formulations are further shaping the future
of product development, aligning with the global demand
for eco-conscious and ethical products. Importantly, the
convergence of digital tools such as artificial intelligence
(AI), machine learning, and wearable diagnostics is
revolutionizing how cosmeceuticals are designed, tested,
and personalized. These technologies not only enable
real-time feedback but also accelerate innovation cycles
and consumer satisfaction. The impressive strides,
challenges persist in regulatory standardization, clinical
validation, and consumer education. A multidisciplinary
approach involving dermatology, material science,
molecular biology, and pharmaceutics is essential to
unlock the full therapeutic potential of cosmeceuticals. In
essence, cosmeceuticals represent not just a trend but a
transformative evolution in skincare—poised to redefine
beauty through evidence-based science, personalized care,
and sustainable innovation.
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