Antioxidants in skin ageing — Future of dermatology
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The formation of free radicals is a widely accepted pivotal mechanism leading to skin ageing. Skin ageing is a complex, progressive,
time-dependent deterioration caused by intrinsic and extrinsic factors or environmental factors. Skin is equipped with an elaborate
antioxidant system that protects it from oxidative damage due to intrinsic and extrinsic factors. However, the natural antioxidant
pool can be compromised or overwhelmed by oxidative stress of excess UV exposure, as well as cigarette smoke and other airborne
pollutants. Topical antioxidants have been demonstrated to protect the skin from free radical damage and its regular application
can actually reverse pervious photodamage. Topical antioxidants are available in over-the-counter skin care products that are aimed
at preventing the clinical signs of photoageing. The present review summarises scientific literature regarding efficacy of topical
antioxidants and significance of novel delivery systems for topical antioxidant delivery for combating skin ageing.
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INTRODUCTION

Age leaves its traces everywhere, as we get older our
skin loses its defense against wind, weather, sun, and
oxygen deficiency. Environmental aggressors such as
UV light may generate free radicals, the major inducers
of premature ageing. Antioxidants act as antidote to skin
ageing by quenching free radicals formation in skin. So
if one is looking for a safe, natural, and significant effect
on the skin, it is the antioxidants in which one should
put their faith. Thus, the aim of this article was to review
importance of antioxidants in skin ageing and novel
drug carriers for effective antioxidant delivery.

WHAT IS SKIN AGEING?

Ageing is defined as a progressive deterioration of
physiological functions in organisms, eventually
leading to senescence and death.™ It is a continuous
time-dependent and multifactorial phenomenon of
reduction in size and number of cells and also reduction
in the rate of many organic functions both at cellular
and molecular levels. The signs of ageing include fine
lines and wrinkles, alterations in skin pigmentation,
and a thinner appearance of the skin due to epidermal
and dermal atrophy.”! Fortunately, regular application
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of skin care products containing antioxidants may be of
utmost benefit to overcome and correct skin ageing.”!

TYPES OF SKIN AGEING

Ageing can be divided into two categories: Intrinsic or
chronological ageing and extrinsic or premature ageing.

Intrinsic Ageing

Intrinsic ageing is a natural occurrence in which numerous
simultaneous mechanisms occur. Dead skin cells do not
shed as quickly, and turnover of new skin cells may
decrease slightly. The signs of intrinsic ageing are as
follows: Fine wrinkles, thin and transparent skin, loss
of underlying fat leading to hollowed cheeks and eye
sockets, bones shrink away from the skin due to bone loss
resulting in sagging skin, inability to sweat sufficiently to
cool the skin, graying hair that eventually turns white, hair
loss, unwanted hair, nail plate thins, and ridges develop.®!

Extrinsic Ageing

Extrinsic ageing is caused by exogenous origin, i.e.,
smoking, poor nutrition, and solar exposure. These
factors are responsible for premature ageing of the
skin. Loss in tone and elasticity is observed along with
increased skin fragility, benign lesions (keratoses and
telangiectases). Histopathology of photoaged skin
is characterised by elastosis, epidermal atrophy, and
distinct alteration in collagen and elastic fibers.!

CHARACTERISTICS OF AGEING SKIN

Changes in Epidermal Layer
Hair graying, skin wrinkling, sagging, and apparent
thinning are some of the changes in the clinical
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appearances of the ageing skin.'? Aged epidermis shows
fewer keratohyaline granules at the base as compared to
flanks. Decreased elasticity of the skin with age, however,
promotes the apparition of a thinner skin due to reduced
contractile ability of the epidermis and thus less crowding
of epidermal cells.

Changes in Dermal Layer

Although most morphological changes occur in the
epidermis, biochemical changes occur in the dermis.”
Atrophy of the dermis is manifested by changes in the
dermal connective tissue. With increasing age, the dermis
becomes thinner due to the reduction in the amount and
organisation of dermal connective tissue.['"!

Collagen

Collagen degradation is purported to be one of the major
contributing factors to ageing of the dermis and leads to
some of the major changes that cause the appearance of
aged skin."! In contrast to dense and compact bundles in
young skin, collagen bundles in aged skin are granulated
dispersed with separated bundles and fibers."]

Elastin

Elastosis, an accumulation of amorphous elastin material, is
considered pathogenomonic of photoaged skin. As we age,
the reduction of collagen and elastin production together
with premature degradation of dermal structure leads to
a loss of skin cohesiveness leading to sagging as well as a
loss of elasticity.!"!

Glycosaminoglycans

Glycosaminoglycans in skin consist of hyaluronic acid,
dermatan sulfate, chondroitin 4-sulfate, and chondroitin
6-sulfate and are responsible for conferring the outward
appearance of the skin."¥ Photoaged skin is characterised
by reduced levels of hyaluronic acid and elevated levels of
chondroitin sulfate proteoglycans.!'™

Melanocytes

With age there is a reduction in formation of melanocytes.!"*!
The skin of older people is more susceptible to develop
sun-induced cancers because melanin that is reduced in the
elderly tend to absorb carcinogenic UV radiations.

Vasculature

Aged skin is seen to be relatively avascular. Reduced
blood flow, depleted nutrient exchange, and inhibited
thermoregulation are associated with reduction in
vascularity.!"”!

Subcutaneous tissue
Site-specific changes, including gains and losses, are known

to occur in subcutaneous tissues that also influence the

| July-September 2011 |

appearance of the elderly and their skin. Subcutaneous
fat diminishes in the face, dorsal aspects of the hands, and
the shins.

FACTORS CAUSING SKIN AGEING

Various factors contributing to ageing of skin are listed
below:

Photodamage

Skin ageing caused by sun exposure can occur even
before intrinsic ageing.'® Changes that are observed due
to photoageing are leathery appearance with wrinkle
formation, impaired wound healing, appearance of lesions
on the skin such as actinic and seborrheic keratoses,
cutaneous horns, skin cancer, pigmentary alterations
such as lentigens and hyperpigmentation, and the most
prominent feature is elastosis. Photoageing or sun damage
results in fine lines and wrinkles, discoloration, and textural
changes.!"”!

Free Radicals and Oxidation

Free radical damage causes skin ageing and wrinkles
by activating the metalloproteinases that break down
collagen. Oxidative stress plays a major role in the intrinsic
and the extrinsic process of skin ageing.® UV irradiation
continuously bombards the skin with profound oxidising
effects, and many other factors such as ozone, cigarette
smoke, and environmental pollutants also contribute to
the oxidative assault.

Smoking

Chronic smokers have pale, yellowish-grey skin.
Cigarette smoking promotes the release of oxidants.!!
Deep lines typically appear radially from the upper and
lower lips and laterally from the eyes. There is relative
skin thickening between these wrinkles.” Oxidants slow
the production of new collagen and elastin. Smoking
also restricts the blood flow in the epidermis so skin
does not get the quantity of nutrients it needs to stay
healthy.

Hormones

The most dramatic changes in woman’s appearance take
place around menopause years, when estrogen drop causes
considerable loss of collagen, which is an important protein
that makes up most of the skin’s supportive structure. As a
result, wrinkles appear and skin hangs loosely.®!

Heredity

Genetic factors dictate the rate at which skin ageing process
progresses. If one or both of one’s parents had youthful skin
well into the old age, chances are one could inherit same
characteristics.
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Lifestyle

The lifestyle of a person can also contribute to the ageing
skin. Factors such as lack of sleep, alcohol consumption,
stress, type of exercise, improper diet, and reduced intake
of water can all lead to minor signs of ageing.

HOW DO FREE RADICALS CAUSE SKIN AGEING?

Oxygenis a highly reactive atom that is capable of becoming
part of potentially damaging molecules commonly called
“free radicals,” which leads to the signs of ageing. Cell
damage caused by free radicals appears to be a major
contributor to skin ageing. Free radicals are electrically
charged molecules which causes them to seek out and
capture electrons from other substances in order to
neutralise themselves.?

Oxidative stress is caused by an imbalance between the
production of and a biological system’s ability to readily
neutralise the reactive intermediates or easily repair
the resulting damage. Free radicals attack collagen and
elastin causing the structure to break down.®! With age,
the accumulated free radical effects begin to slow down
the cell function therefore reducing the body’s self-repair
capabilities. Free radical attacks eventually lead to wrinkles,
sagging skin, and “age spots.” Free radical generation is
certainly not the only contributor to the ageing process,
but even oxidative damage to cellular and extracellular
components is responsible for many of the degenerative
changes observed with age.

As the organ with the greatest exposure to such external
sources of oxidation, skin has evolved a complex network
of endogenous and assimilated antioxidants for protection;
however, these are not always sufficient to prevent or
repair damage due to reactive oxygen species.*! Oxygen
is a powerful producer of free radicals known as reactive
oxygen species. Reactive oxygen species are small, highly
reactive, oxygen-containing molecules that are naturally
generated in small amounts during the body’s metabolic
reactions and can react with and damage complex cellular
molecules such as fats, proteins, or DNA. Examples of
common ROS are superoxide anion (O, ), hydroxyl
radical (¢OH), singlet oxygen ('O,), and nitric oxide (¢ NO).
Reactive oxygen species attack the structure of our cell
membranes, creating waste products, including pigments
known as lipofuscins. Lipofuscins interfere with the cells
ability to repair and reproduce themselves, disturb DNA
and RNA synthesis, inhibit protein synthesis, and destroy
cellular enzymes.*”)

Oxidation of the phospholipids in cell membranes initiates
a chain reaction that results in lipid peroxide formation;
these compromise the integrity of the membrane, initiate
inflammation, and have also been shown to be involved
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in the up-regulation of the degradative enzyme, matrix
metalloproteinase-1. Oxidative stress also affects the
transcription of other genes through mitogen-activated
protein kinase (MAPK) pathways. UV irradiation
initiates a cascade of events including phosphorylation
of protein kinases of the MAPK family and activation of
transcription factors such as nuclear factor kB that mediates
an inflammatory response. Blocking these pathways
with antioxidants is thought to prevent photoageing by
preventing the production of collagenase.

WHAT ARE ANTIOXIDANTS?

Antioxidants are substances that offer protection to cell
membranes and prevent oxidative stress to the tissues
of the body by neutralising toxic oxygen molecules and
free radicals.® Collagen and elastin are what keep skin
looking fresh and tight; as we get older, collagen and elastin
slow in production, which leads to sagging and wrinkles.
Antioxidants actively counter free radical attacks on the
supple elasticity of the skin.”” Found naturally in the body
and in plants, antioxidants can be ingested orally or applied
topically. There are generally three categories of antioxidants
(1) Antioxidant enzymes, (2) Chain breaking antioxidants
and (3) Preventive antioxidants

Antioxidant Enzymes

Antioxidant enzymes catalyse reactions involved in the
conversion of free radicals to oxygen and water. They
include catalase, glutathione peroxidase, and superoxide
dismutase.

Chain Breaking Antioxidants

Chain breaking antioxidants prevent propagation of
oxidative chain reactions by terminating free radicals or
the reactive products of molecules that have been damaged
by free radicals. They include vitamin E, beta carotene,
vitamin A, flavonoids, vitamin C, uric acid, bilirubin bound
to albumin, and the thiol groups of plasma proteins such
as albumin.

Preventive Antioxidants

Preventive antioxidants are the metal binding proteins
that function to sequester free iron or copper to prevent
production of the hydroxyl radical from other free
radicals. These include ferritin, transferrin, lactoferrin, and
ceruloplasmin.

ROLE OF TOPICAL ANTIOXIDANTS AGAINST SKIN
AGEING

The reason that antioxidants are important as part of an
antiageing skin support program is because antioxidants
help protect the skin from the toxic effects of free radicals
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that would otherwise damage and destroy healthy skin cells.
As free radicals are neutralised by one component of the
skin’s antioxidant system, that component becomes oxidised
and inactivated. As one component becomes inactivated,
other components of the skin’s antioxidant system interact
in a complex fashion to recycle the inactive components
back to an active state to restore the antioxidant capability.*”

Both water-soluble and fat-soluble antioxidants are naturally
present in human skin. Vitamin C and glutathione are the
most important water-soluble antioxidants that protect the
cytoplasm of the cells and along with hyaluronic acid these
antioxidants also protect the extracellular matrix that surrounds
the cells.®!! The antioxidant activity of vitamin E protects the
polyunsaturated fatty acids in cell membranes from oxidation
and so protects cell membranes from destruction by free
oxygen radicals.” Other antioxidants such as green tea extract,
glutathione, and vitamin C have synergistic antioxidant effects.
Alpha-tocopherol along with vitamin C and glutathione
protects the skin from oxidative damage that occurs by
exposure to UV light from the sun and chemical toxins.!

The use of topical cosmetics that contain tocopherol and
alpha-tocopherol acetate can substantially increase the
vitamin E content of the skin more effectively than even
dietary supplementation. Ascorbate regenerates the oxidised
form of vitamin E and the oxidised forms of ascorbate and
vitamin Ein turn are recycled by glutathione. Vitamin C along
with glutathione helps recycle oxidised vitamin E back to its
active protective form. In addition, maintaining tocopherol
levels in the skin by topical formulas helps maintain the active
forms of vitamin C and glutathione in the skin.*?!

ANTIOXIDANTS USED IN ANTI-AGEING PRODUCTS

Antioxidants clearly play an important role in the prevention
of ageing. Many antioxidants are now available in oral and
topical preparations. Combinations of various antioxidants
may have synergistic effects, yielding formulations with
greater efficacy than any of the individual antioxidant
compounds used alone. Each antioxidant is endowed
with various properties that distinguish it from other
antioxidants. Various antioxidant actives used in antiageing
formulations are as follows:

Retinoids

Topical retinoids include retinol and derivatives of retinol
and retinaldehyde used frequently in cosmetic products
(for example retinol and retinyl palmitate). Vitamin A
is a naturally occurring antioxidant in the skin. The
biologically active form of vitamin A is all-frans retinoic
acid or tretinoin (Retin-A). Retinoic acid aids in epidermal
proliferation, keratinisation, and peeling.**! It also modifies
keratin synthesis, fibroblastic proliferation, and collagen
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metabolism. Vitamin A esters also appear to be protective
against the carcinogenic effect of UV radiation. Vitamin A
increases the blood flow, stimulates the skin, and protects
against sunburn, thus promoting skin elasticity."*")

Alpha Lipoic Acid

It is the most potent antioxidant in the market today. It
enhances the skin cell metabolism and helps repair aged
skin while preventing future damage. With age, glutathione
levels naturally decline, making elder person more
susceptible to both free radicals and other environmental
toxins but lipoic acid tends to restore levels of glutathione,
a protective antioxidant, and detoxification compound, to
near normal.’®®!

Vitamin C

Vitamin C (L-ascorbic acid) is a highly water-soluble,

sugar-like, low-molecular weight ketolactone. It is a proven

anti-wrinkle treatment that works as both a “free radical

scavenger” and antioxidant.®! It occurs in two forms:

(a) L-ascorbic acid —water-soluble antioxidant, high active
vitamin C.

(b) L-ascorbic palmitate—fat-soluble antioxidant, high
stable vitamin C.

Vitamin C improves skin elasticity by enhanced collagen
production. Vitamin C stimulates the skin to produce
collagen while reducing the action of collagenase.!!

Vitamin E

Vitamin E (tocopherol) is a lipid-soluble antioxidant that
is present in the skin and found in various foods such as
vegetables, seeds, and meat. The lipophilicnature of vitamin E
makes it attractive for application to and absorption into skin.
It helps skin repair itself, protects it from harmful bacteria,
and also creates a moisture barrier so that the epidermis is less
likely to dry out.” The free hydroxyl group in this molecule
is responsible for antioxidant activity. Deficiency of vitamin
E leads to an increase in lipid peroxidation in skin, a key
mediator of oxidative damage highlighting its importance
as a skin antioxidant.™’!

Coenzyme Q10

Coenzyme Q10 or ubiquinone is a fat-soluble compound
naturally occurring antioxidant found in fish, shellfish,
spinach, and nuts. Coenzyme Q10 is a potent antioxidant
with anti-ageing and -wrinkle properties and is a potent
moisturiser and prevents damage to collagen and elastin
production process and helps to avoid wrinkles.[*!

Lycopene

Lycopene is a bright red carotenoid antioxidant. As an
antioxidant, lycopene is a powerful carotenoid quencher of
free radicals.*?! Lycopene provides antioxidant protection
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from environmental damage, shielding skin from premature
ageing. Lycopene strengthens skin by enhancing its ability
to produce collagen and reducing wrinkles.

Tea Polyphenols

Green tea is a very popular beverage and an antioxidant
that is extracted from the plant Camellia sinensis. Green tea
contains predominantly monomeric catechins including
epicatechin, epicatechin-3-gallate, epigallocatechin, and
epigallocatechin-3-gallate. Topical application of green tea
extracts helps maintain the levels of both glutathione and
glutathione recycling enzymes in the skin after exposure
to ultraviolet light and reduces depletion of protective
antioxidant enzymes in the skin.™*’!

Silymarin

Silymarin is a naturally occurring polyphenolic
flavonolignans antioxidant derived from the seeds of the
milk thistle plant Silybum marianu. Its main component
silybin (silibinin) is considered to be the most biologically
active with strong antioxidant properties.[*! It possesses
antioxidant, anti-inflammatory, and immunomodulatory
properties that may help prevent skin cancer and
photoageing.

Coffea Arabica Extract

C. arabica extract is an antioxidant extracted from the fruit of
coffee plant C. arabica containing polyphenols and is a more
potent antioxidant than green tea, pomegranate extract, and
vitamins C and E. In 2007, a product containing CoffeeBerry®
polyphenols 1% (Revaleskin™, Stiefel Laboratories) was
launched showing reduction of hyperpigmentation, fine
lines, wrinkles, and overall appearance.

Grape Seed Extract

Grape seed extract is extracted from Vitis vinifera and is
rich in proanthocyanidins, which belong to the flavonoid
family and are potent antioxidants with strong free radical
scavenging activities than vitamins C and E.*It is included
in topical cosmetic formulations for antiageing purposes.

Pomegranate Extract

Pomegranate extracts can be obtained from various parts
of the fruit Punica granatum, such as the juice, seed, and
peel. In particular, the phenolic components have potent
antioxidant activity. Topical application of fruit extract has
been shown to ameliorate ultraviolet-A- and -B-mediated
skin damages in vitro.[*!

Pycnogenol

Pycnogenol can be extracted from French maritime pine
(Pinus pinaster) plant, which is rich in proanthocyanidins.
It contains flavonoids and phenolic compounds, which act
as potent free radical scavengers. Immunosuppression and
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a reduction of the inflammatory sunburn reaction were
observed in mice after topical application of pycnogenol
(0.05%-0.2%).147

Niacinamide

Niacinamide, or nicotinamide, is a water-soluble component
of the vitamin B complex group. Besides its antioxidant
activity, it has also been shown to exhibit anti-inflammatory,
depigmenting, and immunomodulant properties. The
use of niacinamide has been shown to improve texture
and tone of the skin and reduce fine lines, wrinkles, and
hyperpigmentation.

TOPICAL ANTIOXIDANT DELIVERY SYSTEMS

Recently, research-based focus is on usage of natural
antioxidants for obliterating the free radicals mediated
skin damage. Because most antioxidant molecules are
inherently unstable in nature, it makes them difficult to
formulate in an acceptable, stable aesthetic product for
cosmetic use. Further, the use of conventional delivery
systems (e.g., creams and lotions) in several cases showed
a little or no improvement in antioxidant profile. These
observations facilitate the significance of novel delivery
systems in the development of antioxidant formulations. !
Some of the commercially available antiageing products
which have antioxidants as their major components are
listed in Table 1.

Liposomes as an Antioxidant Delivery System
Liposomes are uniquely suited for delivery of cosmeceuticals
because of their ability to deliver water-soluble compounds
in the same particle as water-insoluble compounds.*!
First liposomal cosmetic product to appear in market was
antiageing cream “Capture” launched by Dior in 1986.
Marinosomes® are liposomes based on a natural marine
lipid extract containing a high polyunsaturated fatty acid
ratio.™ The characterisation studies showed Marinosomes®
as promising candidates for topical application in view of
the prevention and treatment of skin diseases.

Niosomes as an Antioxidant Delivery System
Niosomes are essentially non-ionic surfactant-based
multilamellar or unilamellar vesicles in which an
aqueous solution of solute is entirely enclosed by a
membrane resulting from the organisation of surfactant
macromolecules as bilayers. Niosomes appear to
have application in topical products containing both
hydrophilic and hydrophobic drugs.” The first product
“Niosome” was introduced in 1987 by Lancome, L'Oreal
company. Manconi et al. evaluated the potential of
niosomal formulations as topical delivery systems capable
of improving the stability of photosensitive drugs, such
as tretinoin.’?
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Table 1: Commercially available antiageing products containing antioxidants

Active ingredients/delivery system

Ascorbyl palmitate, Tocopherol,
Retinol/Liposomes

Vitamin E/Nanotopes

Trade name
Rovisome® ACE Plus

Tinoderm® E

Coenzyme Q10, Niacinamide/
Liposomes

Micro-encapsulated Vitamin C (5%)

Coenzyme Q10, Vitamin E
acetate/Nanoemulsion

Ageless Facelift™ cream

Ultimate Anti-Aging Serum®

Pro-Retinol A/Nanoparticles Revitalift®
Coenzyme Q10/Nanostructured lipid Cutanova Nano Repair® Q10
carriers Cream

Black currant seed oil/
Nanostructured lipid carriers

Vitamins A, E, C/Nanoemulsion

Nanolipid Restore CLR™
Nano-Lipobelle™ H-AECL

Vitamin E, Panthenol/Nanocapsules
Wrinkle Sun® Cream SPF 15

Sircuit Addict Firming
Antioxidant® Serum

Grape seed extract, Vitamin E, Green
tea extract/Fullerenes

Solid Lipid Nanoparticles and Nanostructured Lipid
Carriers as an Antioxidant Delivery System

Solid lipid nanoparticles (SLNs) are novel colloidal
delivery systems with many cosmetic and dermatological
features, such as enhanced skin hydration, protection
against degradation, active penetration enhancement, and
controlled-release properties.” Curcuminoids loaded SLN
cream enhanced the anti-ageing properties of curcuminoids
when compared with conventional cream base, with no
signs of skin irritation. Nanostructured lipid carriers
(NLC) are mixtures of solid and fluid lipids, in which the
fluid lipid phase is embedded into the solid lipid matrix.5
Commercially available products, NanoRepair Q10°
cream and NanoRepair Q10° serum (Germany), which
were introduced to the cosmetic market in October 2005
epitomises the success of NLCs.

Phytosomes as an Antioxidant Delivery System
Phytosomes are complexes between a pure phospholipid
and pure active principles from the chemical perspective,
containing high percentages of natural triglycerides for
emolliency and skin moisturising.” Grape Seed Phytosome
provides superior antioxidant activity for healthy skin
integrity and skin ageing. Opextan® is an innovative
Ecocert validated olive fruit extract. Opextan® has been
demonstrated to reduce skin sensitivity to UV irradiation,
lipid peroxidation, and oxidative stress.

Multiple Emulsions and Nanoemulsions as an Antioxidant
Delivery System

Multiple emulsions are a type of polydisperse systems
allowing controlled release of active entrapped compounds.
They are of two types: w/o/w type and o/w/o type.F
Ascorbic acid and vitamin A have been successfully
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Nano-Lipobelle™ H-EQ10 cream

Lancome Soleil Soft-Touch Anti-

Manufacturer Use

Rovi Cosmetics International Anti-ageing, wrinkle

GmbH reduction

Ciba Specialty Chemicals Anti-inflammatory,
anti-ageing

|-Wen Naturals Anti-ageing, anti-oxidative,
wrinkle reduction
Provin Cosmeceuticals

Mibelle Biochemistry,
Switzerland

’Oreal
Dr. Rimpler GmbH

Anti-ageing, wrinkle reduction
Anti-ageing,
anti-inflammatory
Anti-wrinkle, anti-ageing
Revitalising, anti-ageing

CLR Chemisches Laboratorium
Dr. Kurt Richter GmbH

Mibelle Biochemistry,
Switzerland

’Oreal

Revitalising, anti-ageing
Revitalising, anti-ageing
Anti-wrinkle, anti-ageing

Sircuit Skin Cosmeceuticals
Inc.

Revitalising, anti-ageing

formulated showing improved stability and release
profile.’! Nanoemulsions are fine oil-in-water dispersions,
having droplet diameter smaller than 100 nm with aesthetic
properties suitable for application in cosmetics.’® But, in
comparison with microemulsions, they are in a metastable
state and are very fragile systems. Procter and Gamble’s
Olay™ brand was designed with nanoemulsion technology
in 2005.

Transfersomes and Ethosomes as an Antioxidant Delivery
System

Transfersomes are specially designed vesicular particles,
composed of phospholipids, with 10-25% percent
surfactant and 3-10% ethanol.” They significantly improve
photostability and skin deposition of a-tocopherol.
Ethosomes are noninvasive delivery carriers composed
mainly of phospholipids, with 20-50% ethanol and water,
which enable drugs to reach the deep skin layers.*” These
are soft, malleable vesicles tailored for enhanced delivery of
active agents. The in vitro release rate of azelaic acid was more
rapid from ethosomal systems than from liposomal systems.

Cubosomes and Nanospheres as an Antioxidant Delivery
System

Cubosomes are discrete, sub-micron, nanostructured
particles of bicontinuous cubic liquid crystalline phase.[!
They offer a large surface area, low viscosity, high heat
stability, and are capable of carrying hydrophilic and
hydrophobic molecules. L'Oreal has patented the use of
cubosome particles as oil-in-water emulsion stabilisers and
pollutant absorbents in cosmetics.

Nanospheres are microscopic fragments used to deliver
active ingredients into the deep layers of the skin. This
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advanced technology plays a very beneficial role in
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