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OUTLINE: The field of dermatology has witnessed remarkable strides in leveraging topical antioxidants, highlighting their
burgeoning role in skin care. Antioxidants play a pivotal role in quenching free radicals, thereby alleviating the oxidative
stress implicated in skin ageing, inflammation, and a spectrum of dermatologic maladies. An expansive array of antioxidants
tailored for topical application includes vitamin C (ascorbic acid), vitamin E (tocopherol), coenzyme Q10 (ubiquinone), and
polyphenols, including resveratrol and green tea extract. These compounds are well-known for their robust free-radical-

scavenging properties and protective shields against skin cells.

Antioxidants have shown promising capabilities in modulating gene expression, boosting collagen production, and
reinforcing the skin barrier. Their incorporation into daily skincare routines is increasingly favoured for maintaining skin
health and addressing the visible signs of ageing. Innovations in formulation technologies have significantly improved the
stability and bioavailability of antioxidants, thereby ensuring enhanced skin penetration and efficacy. This review explores
the roles, mechanisms, and recent breakthroughs in topical antioxidants, positioning them as pivotal components of

contemporary dermatological care.
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Introduction

Skin conditions rank fourth globally in terms of non-fatal
disease burden, as reported by the Global Burden of
Disease project. As the adage goes, “forewarned is
forearmed” This principle is particularly relevant in
dermatology, where topical antioxidants have emerged as
a powerful strategy to prevent and mitigate skin damage
caused by oxidative stress. Oxidative stress, primarily
induced by environmental factors, such as UV radiation
and pollution, leads to the formation of free radicals that
damage skin cells and accelerate the ageing process.!

The role of antioxidants in skincare has evolved
significantly, driven by innovations in their formulation
and delivery, which have enhanced their efficacy and
expanded their therapeutic applications. Revolutions
in the formulation and delivery of antioxidants have
unlocked novel uses in preventative and therapeutic
dermatology.?

As we explore recent advances in topical antioxidants, it

is evident that their integration into skincare regimens
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is crucial. The synergy among novel antioxidant
compounds, improved delivery systems, and combination
therapies marks a novel era in dermatological care
dedicated to maintaining and enhancing skin health.
Consequently, this review aimed to comprehensively
examine the mechanisms, clinical applications,

and recent advancements in topical antioxidants in
dermatology, highlighting their therapeutic benefits and
integration into skincare practices.

Search strategy

To comprehensively explore the role of topical
antioxidants, a systematic search strategy was
implemented across various academic databases,
including PubMed, Web of Science, and Scopus.
The search focused on keywords such as “topical
antioxidants,” “dermatology,” “skin ageing,” “oxidative
stress,” “free radicals,” “antioxidant formulations,” and
“skin health” Expert opinions from dermatologists
and skincare researchers have also been incorporated

into industry publications, complementing academic
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literature with insights into emerging trends and
practical applications in dermatological practice.

Antioxidants?®

An antioxidant may be defined as any substance that

can delay or prevent the oxidation of a substrate

when present in small amounts relative to the amount
of the substrate. Antioxidants can act through

five mechanisms: (i) lowering localised oxygen
concentrations, (ii) scavenging initiating radicals to
prevent chain initiation, (iii) binding metal ions to inhibit
radical formation, (iv) decomposing peroxides to prevent
their conversion into radicals, and (v) breaking chains to
stop ongoing hydrogen abstraction by the active species.

Battling the skin’s silent enemy:
Oxidative stress®

Oxidative stress, a covert yet potent adversary,
significantly affects skin integrity by disrupting the
delicate balance between free radicals and antioxidants.
This imbalance, exacerbated by environmental
aggressors such as UV radiation and pollution

and lifestyle factors such as smoking, accelerates
cellular degeneration, leading to premature ageing,
hyperpigmentation, acne, and a heightened risk of

skin cancer. Harnessing topical antioxidants’ effects, a
strategic skincare regimen and dietary adjustments can
effectively counteract oxidative damage. Antioxidants
mitigate cellular deterioration by neutralising free
radicals, preserving skin vitality and fostering robust and
resilient complexes. The balance between pro-oxidants
and antioxidants is crucial in maintaining skin health.

Radiant revival: Comprehensive
roles of topical antioxidants in
skincare antiageing?®

Topical antioxidants are pivotal in anti-ageing
skincare, protecting against oxidative stress and

skin damage. They neutralise free radicals, stabilise
cellular components, and prevent premature ageing.
They also curb inflammation, preserve collagen and
elastin, protect against UV damage, and protect
against photoaging. Additionally, antioxidants enhance
skin hydration and barrier function, inhibit melanin
production for an even skin tone, and support DNA
repair, ensuring resilient and youthful skin.

Wound healing?®
Oxygen is essential for wound healing and aids

in oxidative bacterial killing, collagen synthesis,
angiogenesis, and epithelialisation. During the
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inflammatory phase, neutrophils and macrophages
release large amounts of reactive oxygen species (ROS)
to kill pathogens; however, excessive ROS damages the
surrounding tissues and plays a role in angiogenesis
and re-epithelialisation, with moderate levels
promoting healing.

Anti-inflammation?

Antioxidants play crucial roles in mitigating
inflammation through various mechanisms. It includes
scavenging ROS, inhibiting the production and release
of pro-inflammatory cytokines, thereby modulating

the immune response and reducing tissue damage; the
NF-«B signalling pathway is modulated by inhibiting its
activation and reducing the expression of inflammation-
related genes. Moreover, antioxidants stabilise cell
membranes by preventing lipid peroxidation, regulating
enzymes such as cyclooxygenase and lipoxygenase,
decreasing the production of pro-inflammatory
molecules such as prostaglandins and leukotrienes,
facilitating cellular repair mechanisms, and promoting
the healing of tissues damaged by inflammation.

Anti-cancer?

Exposure to ultraviolet radiation (UVR) leads to the
formation of ROS in skin cells, potentially contributing
to cutaneous malignancies. Manganese superoxide
dismutase is a crucial component of antioxidant
defence, and its adaptive response to repeated UVR
exposure enhances mRNA levels and activity in
fibroblasts. However, individual reactions to UVR vary;
not all antioxidants react uniformly to UVR exposure.

Psoriasis®

Patients with active psoriasis exhibit consistent
systemic signs of oxidative stress, characterised by
elevated plasma levels of malondialdehyde, indicating
the depletion of natural antioxidant systems. This leads
to increased peroxidation of cell membranes and plasma
lipid processes in the circulating cells. Additionally,
erythrocyte levels of superoxide dismutase are reduced
in patients with psoriasis. Antioxidant therapies aim

to restore redox balance, potentially exerting anti-
inflammatory effects by activating antiproliferative and
pro-apoptotic pathways.

Acne treatment?®
Topical antioxidants play beneficial roles in the
treatment of acne via several mechanisms. Antioxidants

possess anti-inflammatory properties, helping
reduce inflammation associated with acne lesions
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by neutralising ROS and modulating inflammatory
pathways in the skin. Second, acne-prone skin often
experiences increased oxidative stress, exacerbating
inflammation and contributing to acne severity.
Antioxidants scavenge free radicals and prevent
oxidative damage to skin cells, thereby reducing
oxidative stress. Third, excessive sebum production
and lipid peroxidation within sebum are the main
factors in the development of acne. Antioxidants
avert this lipid peroxidation to alleviate the disease
process. Antioxidants also support skin repair
processes and collagen production, which is crucial for
healing acne lesions and reducing post-inflammatory
hyperpigmentation or scars.

Anti-hyperpigmentation*

Topical antioxidants interfere with melanogenesis

and the production of melanin pigments in the skin,
resulting in skin lightening. Several antioxidants
scavenge free radicals and inhibit oxidative stress,
inhibiting melanin production. Certain antioxidants
directly inhibit tyrosinase, a crucial enzyme in melanin
synthesis. This inhibition curtails the conversion

of tyrosine into melanin intermediates, effectively
decreasing melanin production, contributing to lighter
skin tone and reduced hyperpigmentation. Finally, some
antioxidants improve the skin barrier function, help
prevent pigmentation issues, and promote skin tone.

Recent advances in topical antioxidants

An extensive overview of various topical antioxidants,
detailing their sources, dosage forms, mechanisms

of action, clinical applications, potential side effects,
and recent advancements or innovations, is presented
in Table 1. The compounds included bakuchiol,
copper, curcumin, ferulic acid, genistein, glutathione,
astaxanthin, carotenoids, coenzyme Q10, niacinamide,
resveratrol, selenium, silymarin, zinc, vitamins A, E,
and C, THDA, Epilobium angustifolium, epicatechin,
and ectoin. Each entry provides specific insights into
how these antioxidants function at the cellular level,
their therapeutic benefits, and advancements that
have enhanced their effectiveness or application in
dermatological treatments.

AA, ascorbic acid; ACE, angiotensin-converting agent;
AXT, Astaxanthin; BGM, bakuchiol, Ginkgo biloba
extract, and mannitol; COL IV, collagen type IV; COL VI,
collagen type VI, CuO NPs, copper oxide nanoparticles;
ERK, extracellular signal-regulated kinase; GSH-PX,
glutathione peroxidase; GSNO, S-nitroglutathione; IL,
interleukin; MDA, malondialdehyde; MMP-6, matrix
metalloproteinase 6; NFkB, nuclear factor kappa

B; PL, pityriasis lichenoides; PUVA, psoralen plus
ultraviolet-A radiation; ROS, reactive oxygen species;
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SOD, superoxide dismutase; STAT3, Signal Transducer
and Activator of Transcription 3; THDA, tetrahexydecyl
ascorbate; TNF-a, tumour necrosis factor alpha; UV,
ultraviolet; UVB, ultraviolet B.

Delivery system of topical antioxidants™

The inherently impermeable nature of skin poses

a formidable barrier to effective cutaneous drug
delivery. Conventional drug dosage forms frequently
fail to achieve adequate therapeutic effects owing to
limited skin penetration. Gels, including hydrogels and
oleogels, are the most prevalent form of topical drug
administration. Advancements in drug delivery systems
have led to the development of more sophisticated
methods for enhancing drug efficacy and patient
compliance.

Among these advanced delivery systems, lipids and
polymeric nanoparticles stand out for their ability

to encapsulate active ingredients and facilitate their
controlled release. Microparticles, another promising
vehicle, offer the advantage of sustained drug delivery
over an extended period. Transferosomes, which are
ultraflexible vesicles, can traverse the stratum corneum
more effectively than conventional liposomes and
deliver therapeutic agents deeper into skin layers.

Vesicular systems, particularly liposomes, provide
versatile platforms for encapsulating hydrophilic and
hydrophobic drugs, enhancing their stability and
bioavailability. Liposomal encapsulation, which involves
spherical vesicles comprising phospholipid bilayers,
enhances the stability of antioxidants, including
vitamins C and E, improves skin penetration, and allows
for controlled release.

Emulsion-based systems, including microemulsions
and nanoemulsions, improve drug solubilisation

and penetration through the skin barrier owing to
their fine droplet size and large surface area. Solid
lipid nanoparticles and nanostructured lipid carriers
enhance the stability and delivery of antioxidants,
improve skin penetration, and allow controlled release
of vitamin A and Coenzyme Q10.

Particulate systems, including microparticles and
nanoparticles, have been extensively studied for their
potential to improve drug delivery. These systems
offer the benefits of targeted delivery, reduced dosing
frequencies, and minimal side effects. Nanotechnology,
which utilises nanoparticles, increases bioavailability
and ensures targeted delivery to specific skin layers,
effectively protecting antioxidants, such as resveratrol
and Coenzyme QI0, from environmental degradation.
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Table 1. Comprehensive overview of various topical antioxidants.

Compounds

Bakuchiol®

Meroterpene phenol
derivative from the seeds
of L. Psoralea corylifolia,
Psoralea glandulosa, and
Psoraleae Fructus

Copper®
Trace element

Curcumin’

Natural Lipophilic polyphenol
from turmeric

Ferulic acid®

Phenolic acid present
in various plants

Dosage
0.5-1.5% (w/w)

0.5% (w/w)

0.1% (BGM)

77.02%

39 M, 10 mM

PL, GSNO, and
CuO NPs

200 mg/cm?
twice daily

15% L-ascorbic
acid, 1%
a-tocopherol, and
0.5% ferulic acid

14% ferulic acid

Piyu Parth Naik and Shobhan Manoharan

Mechanism of action

Stimulates collagen synthesis in fibroblasts and reduces
IL-8 and p16 expression in ageing skin.

Inhibit melanin synthesis through the suppression of
tyrosinase and alpha-melanocyte activity.

Regulates seborrhoea and exhibits antibacterial
properties.

Inhibits melanogenesis by blocking melanin synthesis
and the formation of primary cilia and dendrites,
involving Rho-dependent signalling and tyrosinase
expression regulation.

Prevents lipid peroxidation, reduces ROS-induced
apoptosis and retinal ganglion cell death, reduces
Oxidative stress, and activates the STRT1/Nrf2 pathway.

Reduce cell viability and increase ROS selectively in
melanoma cells rather than healthy cells.

Enhance skin barrier integrity and reduce shedding of
epithelial loss.

Free radical scavenging, by forming stable phenoxyl
radicals in the reaction of the radical molecule with the
antioxidant molecule, thereby inhibiting the free radical
generation.

Antioxidative and anti-inflammatory activity could
prevent and reduce photo-oxidative skin damage.

Clinical application

Anti-ageing

Anti-
hyperpigmentation

Anti-acne

Anti-melanogenesis

Antioxidant

Skin cancer

Radiation-induced
skin damage

Antioxidant—
reduces facial
hyperpigmentation

Anti-ageing,
moisturising effects,
reduced melanin
and erythema and
enhanced skin
elasticity

Adverse events

Redness and peeling
in sensitive skin.

Peptide allergy rarely
reported and can
give mild to severe
rash

No adverse effects
reported

Irritation of sensitive
skin and mild skin
peeling

Advances and innovations

Rising popularity as a natural
alternative to retinoids

Chitosan-coated copper oxide
nanocomposite gel

Chitosan-alginate sponges,
polymeric bandages, alginate
foams, collagen films, nano-
emulsion, hydrogel, and
B-cyclodextrin-curcumin
nanoparticle complex

Chitosan contained vitamin
preparation B1 and vitamin B6

BGM, bakuchiol, Ginkgo biloba extract, and mannitol; CuO NPs, copper oxide nanoparticles; GSNO, nitric oxide donor S-nitrosoglutathione; IL, interleukin; PL, pluronic F-127; ROS, reactive oxygen species; STRT1/Nrf2, sirtuin1/nuclear

factor erythroid 2-related factor 2.
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Compounds

Genistein®
Heterocyclic lipophilic
diphenol

Glutathione™
Tirpeptide composed of
cysteine, glutamate and
glycine

Astaxanthin™

xanthophyll carotenoid
naturally produced by
various bacteria, microalgae,
and yeasts, with the
microalga Haematococcus
pluvialis

Dosage
10, 20, and 40 pM

5 uM/cm2 was
applied 30 min
before exposure
to UVB

Genistein, vitamin
E, vitamin B3, and
ceramide

N/S

2.0% oxidized
glutathione

2% with

Vit C + SPF35
Broad spectrum
sunscreen

78.9 UM solution
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Mechanism of action

Inhibit the phosphorylation of ERK and STAT3, thereby
downregulating the expression of inflammatory factors
and chemokines.

Antiproliferative activity by inhibiting NFkB signalling,
suppresses ACE activity and inhibits elastase release.

Prevents cytokines & TNF-a-induced NF-kB nuclear
translocation, with no effect on the PI3K signalling
cascade leading to attenuation of TNF-a and
LPS-induced inflammatory responses by suppressing
ROS activation.

Protecting cells from oxidative stress and damage
by facilitating detoxification processes, including the
detoxification of drugs and hydrogen peroxide.

Repair oxidative damage to protein thiols, regulating
redox signalling, influencing cell proliferation,
modulating the cell cycle and apoptosis, supporting
the immune response, and contributing to skin
pigmentation.

Melanogenesis inhibition activity is thought to occur
through tyrosinase inhibition, both directly by chelating
copper ions on the active site of tyrosinase and
indirectly through the antioxidative property described
above and by shifting eumelanin (the darker pigment) to
pheomelanin (the lighter pigment) production.

Ability to suppress oxidative polymerisation in
melanocytes and reduce inflammation in the epidermis.

Clinical application

Anti-inflammation,
anti-photoaging,
skin cancer, alleviate
skin dryness and
diminish wrinkles

PUVA-induced
skin thickening, as
well as cutaneous
ulceration and
erythema

Antiageing in

postmenopausal
women's facial skin

Antioxidant

Skin protectant

Skin whitening

Anti-ageing
(wrinkles, age spots,
elasticity and skin
texture)

Adverse events

Rare but genotoxic
in experimental
animal study

Rash and inhaled
glutathione can
aggravate asthma

Increased skin
pigmentation,
altered hormone
levels, and hair
growth.

Advances and innovations

Nanotechnology-based delivery
of genistein

Glutathione encapsulated
liposome

AXT-loaded stealth lipid
nanoparticles

AXT non-aqueous nanoemulsion

AXT, astaxanthin; ERK, extracellular signal-regulated kinase; LPS, lipopolysaccharide; NF-kB, nuclear factor-kappa B; PI3K, phosphoinositide 3-kinase; SPF, sun protection factor; TNF-a, tumour necrosis factor alpha.
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Compounds

Carotenoids'

fat-soluble terpene
compounds synthesised
by certain bacteria, fungi
(yeast), algae, corals, and
higher photosynthetic
organisms in the presence
of visible light and oxygen.

Source:
from fruits and vegetables

Coenzyme Q10"

Lipid soluble naturally
present in the body
Enhances other antioxidants
like a-tocopherol (vitamin E)
and ascorbate (vitamin C)

Niacinamide'

Amide form of vitamin B3
and water soluble

Dosage

0.29-0.38 mg dry
extract/mL

Mixture of tomato
and rosemary
extract/

40g of tomato
paste

40% CoQ10

1% CoQ10
cream twice daily

4% cream
niacinamide

5% Niacinamide
and 2.5% benzoyl
peroxide

4% Nicotinamide

IL, interleukin; NF-kB, nuclear factor-kappa B.
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Mechanism of action

Scavenging free radicals

Prevent pro-inflammatory cytokine increase

Scavenge free radicals, thereby reducing oxidative stress

Proniosomes and nanostructured lipid carriers enhance
CoQ10 penetration compared to when delivered in its
free form.

Downregulating the transfer of melanosomes from
melanocytes to keratinocytes, thereby decreasing the
accumulation of melanin

Inhibits nuclear poly (ADP-ribose) polymerase-1 (PARP-
1), expression of MHC-II and production of TNF-q,

IL-1, IL-6, IL-8, and nitric oxide, leucocyte chemotaxis,
lysosomal enzyme release, lymphocyte transformation,
and IL-8 production through NFkB and mitogen-
activated protein kinase pathways

Inhibiting inflammatory cytokines through control of the
NFkB-mediated transcription of signalling molecules

Clinical application

Antioxidant, mitigate

inflammation
thereby reducing
tissue damage and
promote faster
healing

Reduce erythema

Oral lichen planus

Anti-ageing

Melasma

Mild to moderate
acne vulgaris

Discoid lupus
erythematosus

Adverse events

Skin discoloration
(yellowing that
eventually goes
away) and bruising

Allergic skin rashes

Flushing of the
face, especially in
sensitive areas such
as the cheeks and
nose, and around
the eyes, including
redness, itching,
stinging or burning

VOLUME 04

Advances and innovations

Carotenoid encapsulation in lipid
nanoparticle

Coenzyme Q10 loaded
microemulsion

Hybrid nanogel technology
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Compounds

Silymarin™®

From milk thistle plant, a
polyphenolic antioxidant

Vitamin C'¢

THDA"

Lipid-soluble derivative
of vitamin C, known as a
pro-vitamin C

Ectoin'®

Cyclic amino acid, naturally
synthesised by extremophile
microorganisms shield

cells from chemical and
physical stressors—protects
cell membranes from
dehydration-induced
reactions and subsequent
inflammation by forming

a water shell (ectoine
hydrocomplex) around
proteins.

Dosage
0.7% and 1.4%

0.5% serum

Hexylresorcinol,
silymarin, 20%
vitamin C, and 5%
vitamin E

0.75% to 20%

0.5% retinol
treatment
combined with

a moisturiser with
30% vitamin C

10% (vitamin C) and
7% THDA

2% ectoin
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Mechanism of action

Scavenge free radicals and modulates enzymes involved
in cellular damage and inhibit lipid peroxidation

Inhibit melanin synthesis, through downregulating
monophenolase activity of tyrosinase enzyme

Regulating collagen production, stimulating type |
procollagen synthesis in skin fibroblasts, and promoting
the stability of collagen molecules

Enzymatic conversion to vitamin C within the dermis
increases COL IV and COL VI proteins

Decrease intracellular levels of ROS and MDA while
increasing the activities of SOD and GSH-Px

Clinical application

Melasma

Acne vulgaris

Protects skin against

UV radiation
Skin brightening

Melasma

Hyperpigmentation,
wrinkles, and overall
photodamage

Photodamaged skin

UVA-induced and
H,02-induced
oxidative damage

Adverse events

Hypopigmentation,
rebound
hyperpigmentation,
and ochronosis

Burning, crusting,
dryness, flaking,
itching, oozing, pain,
redness, sores or
ulcers, or swelling.

Burning sensation,
tingly sensation,
reddening, and
exacerbation of skin

Advances and innovations

Silymarin pluronic-lecithin
organogel

Vitamin C squalene biconjugate

Liposome encapsulated THDA
and restored with IL-6, IL-8, and
MMP-6 levels

Liposome encapsulated ectoin

COL, collagen; GSH-Px, glutathione-peroxidase; MDA, malondialdehyde; MMP-6, matrix metalloproteinase 6; ROS, reactive oxidative species; SOD, superoxide dismutase; THDA, tetrahexyldecyl ascorbate; UV, ultraviolet; UVA,

ultraviolet A.
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Inclusion complexes, which involve the encapsulation
of active molecules within larger molecules, enhance
the solubility and stability of drugs and facilitate

their penetration into the skin. Microencapsulation
stabilises sensitive antioxidants, including astaxanthin
and curcumin, controls their release rate, and reduces
skin irritation. Hydrogels and hydrocolloids, which are
water-based gels, provide sustained release, enhance
hydration, and increase skin contact time, making
them ideal for delivering vitamin C, vitamin E, and
polyphenols as moisturising and anti-ageing products.

Films, another innovative approach, provide a controlled
release matrix that can be applied directly to the

skin, ensuring prolonged contact and sustained drug
delivery. These advanced carriers can subsequently be
formulated into creams and gels, making them more
user-friendly and improving patient adherence to
treatment regimens.

Table 2. Various studies on topical antioxidants.

Author Study Design

Rao S, Goldberg D
(2023)*

Open-label clinical trial

5.0% glaucine complex

Ingredients

0.2% pure retinol, 2.5%
tripeptide concentrate, and

Piyu Parth Naik and Shobhan Manoharan

Microneedle patches, equipped with tiny needles

that create microchannels in the skin, enhance skin
penetration and increase the efficacy of antioxidants,
including vitamin C and niacinamide. Prodrug
formulations chemically modify antioxidants to enhance
their stability and skin absorption, converting them
into their active forms once absorbed. This approach
is particularly effective for retinoids and vitamin C
derivatives, improving their effectiveness and reducing
irritation. These innovations are pivotal for maximising
the benefits of topical antioxidants and ensuring that
they reach the desired skin layer, remain stable, and
provide sustained therapeutic effects.

Recent studies regarding various
antioxidants

An extensive overview of the different antioxidants,
detailing their study design, population, ingredients,
and study findings, is listed in Table 2.

Study Findings

A new topical cream effectively
improved signs of photoaging by
increasing dermal collagen and GAGs.

(Tripeptide-R Neck Repair,
Skinceuticals)

Sullivan et al. Clinical trial

(2023)»

Draelos Z D et al.
(2024)»

Single centre,

Clinical study
Ferrara F et al. Single-blinded,
23
(2024) clinical study

Ferrara F et al.
(2024)*

Descriptive study

Retinol, tripeptide complex,
and glaucine

0.5% silymarin, 15%
L-ascorbic

Acid, 0.5% ferulic acid

15% ascorbic acid, 0.5%
ferulic acid, and 1%
tocopherol (CF Mix)

15% vitamin C (L-ascorbic
acid), 1% vitamin E
(a-tocopherol), and 0.5%

The topical product effectively treated
the ageing signs on the neck skin.
There was a significant improvement
in a myriad of neck ageing attributes,
including fine lines/wrinkles, crepiness,
laxity, and texture.

Silymarin antioxidant serum
significantly improved skin clarity,
PIH, skin tone evenness, and overall
appearance, fulfilling anti-ageing and
acne needs.

CF Mix demonstrated a protective
effect against the damage exerted by
PM + UV for all the markers tested,
suggesting its promising protective role
against damaging events induced by
prolonged exposure to pollutants.

Daily topical of an antioxidant
application may prevent pollution-
induced skin damage.

ferulic acid

GAG, glycosaminoglycan; PIH, post-inflammatory hyperpigmentation; PM, particulate matter; UV, ultraviolet.
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Latest delivery systems in cosmetic
dermatology %’

The cosmetics industry uses cutting-edge delivery
systems to encapsulate natural ingredients effectively.
Cubosomes, liquid-crystalline particles formed by

the self-assembly of amphiphilic molecules, are
nanostructured. They provide biocompatibility,
thermodynamic stability, and controlled release
capabilities. The bottom-up manufacturing approach for
cubosomes is favoured for large-scale production owing
to its lower energy requirements and enhanced stability.

Dendrimers, highly branched polymer-based

systems, offer adjustable loading capacity, controlled
physicochemical properties, and manageable viscosity,
making them ideal for cosmetic formulations. They are
synthesised via divergent or convergent assembly, with
the convergent approach providing precise control over
their molecular weight and functionalities.

Nanocrystals enhance solubility and dissolution
rates of poorly soluble active ingredients. Composed
mostly of active ingredients with stabilisers, they

are incorporated into formulations via an aqueous
nanocrystal concentrate. The top-down approach is
more industrially relevant despite challenges such as
long operation times and high energy consumption.

The continued positive response of antioxidant
formulation on extracellular matrix following laser-
assisted delivery is an exciting chapter in modern
dermatology. Antioxidants like vitamins C and E, and
ferulic acid correspond by reciprocating accelerated
wound healing post-fractional ablative laser. A recent
study highlighting the combination of antioxidants
delivered by micro-needle mesotherapy and
sonophoresis also demonstrated enhanced anti-ageing
effects.

Continued research is essential to advance these
systems. The focus areas include enhancing the
cubosome loading capacity and controlled release,
developing methods for medium-solubility active
ingredients in nanocrystals, and integrating these
delivery systems to uncover new applications and
insights.

Conclusion

Integrating topical antioxidants into dermatological
practice represents a significant advancement in
skincare, driven by recent scientific and clinical
innovations. Advancements in formulation technologies
have overcome the previous challenges related to
stability and bioavailability, making these compounds
more effective in clinical and consumer products. The
diverse clinical applications of antioxidants, ranging
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from anti-ageing to acne management, underscore their
versatility and importance in dermatological treatment.
Recent advancements support the development of
targeted therapies and personalised skincare regimens,
ultimately enhancing patient care and outcomes in
dermatology.
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