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Abstract: Of the human organs, skin is the most visible one that displays the manifestations of ageing. It has a very intricate
microanatomical structure and performs several key physiological functions. The pathophysiology of cutaneous ageing is characterized
by deterioration of structural stability and functional integrity, implying a continuous reduction in maximal function and reserve
capacity, as a result of the accumulating damage due to both intrinsic and extrinsic factors. Elimination of unfavorable expressions
associated with facial and cutaneous ageing is the key patient demand in aesthetic dermatology. Even though the progress has been
made in nonsurgical therapies like fillers and lasers, non-invasive interventions by using skin care products designed for rejuvenation
at an early stage are the most popular and accessible solution among people. In this review, we have scrutinized the ageing-associated
cutaneous changes at molecular, cellular and tissue levels. To optimize the ageing process towards a healthy skin, we propose an
integrated, multilayer-targeted intervention, which involves both topical application of anti-ageing formulations from outside and oral
supplementation from inside. Additionally, several promising naturally derived ingredients are reviewed from an anti-aging perspec-
tive. Most of them possess various bioactivities and may contribute to the development of the mentioned anti-ageing remedy.
Keywords: skin barrier, skin ageing, causative factors, anti-ageing remedy, naturally derived ingredients

Introduction

Ageing occurs as a gradual breakdown of homeostasis—the capability of the body system to maintain an internal
balanced state while adapting to changing conditions. This failure ultimately give rise to the damage accumulation and
cause the progressive dysfunction of all tissues and cells. The ageing problem can become even more tricky when the
protective function of skin has been lost. “Dermatoporosis”, a chronic cutaneous disorder, occurs as high as one-third
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among in-patient elders. This syndrome is featured by “atrophic skin with solar purpura”,
2 (13 ekl l 2

white pseudoscars on the
extremities”, “skin lacerations” and “delayed healing”.
As the most visible organ, the skin can display the most apparent indication of human ageing. However, people desire
to look younger than others at the same chronological age, by maintaining a well-functioned body including skin.
Perceived age (self-perceived or perceived by others, relevant to ageing characteristics at functional and molecular levels)
is used as a robust indicator of ageing by clinicians to evaluate physical health condition among patients over 70s.’
Since ageing itself cannot be physically avoided, skin anti-ageing means to defer the progress of skin senescence as
late as possible, or to mitigate severity of age-dependent alterations. It is essential to reveal the underlying mechanism of
skin ageing and develop anti-ageing remedies to combat and suppress the symptoms brought about by ageing. Correction
of unfavorable expressions associated with facial ageing is the first reason for patients consulting in aesthetic dermatol-
ogy. The remarkable progress has been made not only in cosmetic surgery but also in nonsurgical therapies like fillers
and lasers. However, non-invasive interventions by using skin care products designed for rejuvenation at an early stage
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are still the most popular and accessible solution for most people. In this review, we try to go through the consensus
about ageing skin and highlight published discoveries of “senescence” at levels from the molecule to the system, and
discuss an integrated, multilayer-targeted remedy.

We further focus on naturally derived bioactive ingredients with potential anti-aging properties, and take some
examples from China and the rest of the world. Some of them are antioxidants that scavenge free radicals, and some have
an ability of anti-inflammation to mitigate skin “inflammaging”. There are also some botanical extracts that can boost
collagen synthesis in the skin matrix or protect the collagen from enzymatic degradation, and so on. Admittedly, scientific
evidence gathered in this review is mostly from in vitro studies. We cannot emphasize enough the importance of in vivo
evidence on their efficacy and safety, effect concentrations in formulations, and duration of the anticipated effect.

Skin Architecture and Physiological Functions

Skin, measuring around 2m? in area and a full one-sixth of the total weight for an adult, is the largest human organ. It has
a very intricate microanatomical structure with several important cellular types, ie keratinocyte, fibroblast, melanocyte,
Merkel cell and various immune cells (mast cell, migrating mononuclear cell and Langerhans). In addition to skin cells,
there are sweat glands, hair follicles, plus a complex capillary and nerve network. Connective tissues rich in extracellular
matrix (ECM) are the foundation of skin’s flexibility.

Basically, epidermis, dermis, and hypodermis (also known as the subcutaneous layer) are the main layers of skin. The
stratified squamous epidermis is able to self-renew. The primary epidermal cells are keratinocytes which origin from the
ectoderm in early embryonic development. The dermis, a layer much thicker than the epidermis, is composed of papillary
dermis (the upper one) and reticular dermis (the lower one), containing fibroblasts and complex ECM. Its elastic property
is supplied by elastin fibers, while the structural elements are provided by collagen fibers. Between the epidermis and the
dermis is the dermal-epidermal junction (DEJ), which holds the two layers together and functions as a barrier to
chemicals and cells. The deepest skin layer, hypodermis, lies below above the underlying fascia and muscle and the
dermis. It contains connective tissues, blood vessels, and fat.

Skin performs a series of key functions. It is the front line for protecting bodies against disruption from the outside
and self-replenish constantly in normal homeostasis. The epidermal barrier plays a well-known protective role at five
functional levels (chemical, physical, immune, microbial and neuronal).* Besides, the skin helps keep body temperature
constant through the moisture modulation. It collects sensory signals via nerve endings, secretes sweat, sebum,
hormones, and enzymes, and excretes harmful metabolic products from inner organs. In addition to the anatomic basis
of cutaneous system,” ® emerging proof has made it clear that skin can produce the same biomolecules (eg neurotrophins,

neuropeptides, hormones and cytokines) like the other part of body and interact with the system via them,” "'
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identifying
the skin as a “neuro—endocrine—immune” organ.

Pathophysiology of Skin-Ageing

Cutaneous ageing pertaining to a steady deterioration of structural stability and functional integrity,'®> manifests at the
molecular level as a continuous decline in reserve capacity and maximum function. From some perspectives, ageing is
a programmed genetically, inevitable process, ie intrinsic, or chronological ageing. Additionally, signs of the premature
senescence are considered partially an outcome of exogenous insults in the short term or long term, ie extrinsic ageing.

For intrinsically aged skin, the typical clues are fine wrinkles, dryness, pale in color, and less elasticity.'*
Histologically, the epidermis becomes thinner and the DEJ increasingly flattened out, which accounts for increased
skin fragility and decreased nutrient deliver through the DEJ interface. The loss in interface area between two layers may
pose a risk to the separation of epidermis from dermis, possibly a process in which wrinkles develop. Slower wound
healing and less effective desquamation also take place because of decline in epidermal cell reproductive activities. The
epidermal turnover rate is found as slower as at least 30% in adults at 80s than that in adults at 30s."

Reduction of dermis thickness occurs along with a decrement in vascularity and cellularity as well as the quantity of
fibroblasts and mast cells. The content levels of hyaluronic acid and glycosaminoglycans in this layer declines with the
ageing process, and depletion of collagen and elastin leads to disorganization of connective tissue and causes the rise of
wrinkles.
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For extrinsically aged skin, photoaging is the most common form induced by environmental factors. As much as
eighty percent of premature facial ageing is attributable to solar radiation in a long term.'® Clinical signs of photoaging
include roughness, dryness, deep wrinkle, lack of elasticity, uneven pigmentation, mainly superimposed on face, neck,
and dorsal forearms. Histologically, “clastosis”, a phenomenon of amorphous elastin material accumulated just below the
DEJ, is the main characteristic of the pathognomonic of photoaged skin. Atrophic epidermis, fragmented elastic fibers
and collagen are also found to develop with constant sun exposure.'”

Ageing occurs at any layer of the skin, and hypodermis is not an exception. Site-specific changes, including atrophy and
hypertrophy, occur in this layer, ie fat losses in the shins, hands and face, and fat gains in the area between the hips and rib cage.

It is a natural inclination to focus on epidermal and dermal changes when evaluating skin ageing. The skin of face and
neck unlike other anatomical locations of human body, however, has retained the cutancous musculature, namely
“panniculus carnosus”, a thin layer of striated muscles affixed to the fascia and skin and providing skin twitching and
contraction functions.'” The cutaneous muscles with their aponeuroses (superficial musculoaponeurotic system, SMAS),
as the laxity of which increases with age, have a significant impact on facial ageing.'® Facial movements, through
contraction of facial muscles, are correlated with facial wrinkles, both dynamic (ie occurring along with contraction) and
static (ie appearing constantly and more noticeable with contraction). The formation of dynamic wrinkle is attribute to
the persistent hypercontraction that compensates the age-related cutaneous atrophy.'”

Mechanisms of Skin-Ageing and the Causative Factors
The systemic ageing is suggested the synergistic or cumulative consequences of nine interconnected hallmarks: genomic
instability, telomere attrition, epigenetic alterations, loss of proteostasis, deregulated nutrient sensing, mitochondrial
dysfunction, cellular senescence, stem cell exhaustion, and altered intercellular communication.”® Mechanisms such as
transcriptional deregulation, stem cell exhaustion, advanced glycation end products (AGEs), ECM degradation and etc.,
are considered to be involved in the cutaneous senescence process.”' 2*

The senescence gradually proceeds at a relatively mutual rate at different levels of an individual organism. To present
a patchwork of skin ageing, much effort has been devoted to scrutinizing age-related changes in skin at the molecular
level (carbohydrates, lipids, nucleic acids, and proteins, etc.), at the cellular (keratinocytes, melanocytes, fibroblasts, etc.)
and tissue (the different cutancous layers) levels, and further, from the perspective of an individual.

Ageing of Biomolecules

During the ageing process, disruptions of both intracellular and extracellular components occur at the molecular level
through direct UV damage or catalysis by oxidative enzymes, especially overwhelming chemical oxidation caused by
reactive oxygen species (ROS).

UVA (320-400 nm) can penetrate deep into the dermal matrix. The absorbed UV energy causes structural change of
biomolecules and often generates ROS. UV or endogenous ROS induce a variety of oxidative impairment to DNA, which
are primarily restored by nucleotide or base excision repair (NER or BER) systems.>>*® Generally, the repair system or
apoptosis (programmed cell death) is initiated rapidly and deal with this malfunctioned DNA. However, nucleotides that
is not repaired or repaired in a wrong way, ie mutations, progressively build up in cells with ageing due to the decline in
DNA repair capability by NER or BER systems, and then senescent-like cells accumulate in the skin.

Lipids, rich in organisms, can be an easy target of ROS. It should be considered how lipid peroxidation play a role in
the ageing-associated alterations. A typical example is lipofuscin, autofluorescent materials of oxidized lipids and
proteins in lysosomes. It has been described as “age pigment” due to its accumulation increased age, leading to reduction
in the proteasome activity and homeostasis.”” Dermal photodamage may be induced as a result of UVA-induced photo-
oxidative stress by failure in lysosomal removal of lipofuscin.*®

Collagen, a large family of ECM proteins in the dermis, is susceptible to the aged cross-linked proteins, such as AGEs
(products from a non-enzymatic glycation reaction between proteins and sugars) and HHL (histidinohydroxylysinonor-
leucine, one cross-link of type I collagen). Disorganized collagen becomes fragile and brittle, and the skin structural
support get weakened.”” The physiological function that its surrounding keratinocytes and fibroblasts migrate or
proliferate can be impaired by AGEs as well. The effect of UV on pentosidine (a biomarker of AGEs) generates ROS
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in the ECM leading to additional adverse consequences. Furthermore, AGEs provoke an enzyme activation of matrix
degradation (metalloproteinases), and then MMP-1 and MMP-3 from the matrix metalloproteinase (MMP) family can
break down collagen fibers causing loss to functional ECM.*

Among the degenerative changes of cutaneous ageing, the elasticity loss induced by alterations in production or
degradation of elastin is concerned. “Solar elastosis” is one of the major histologic indicators of photoaged skin,
characterized by deposition of thickened and tangled amorphous elastotic materials. This phenomenon may be explained
by the alternative splicing of the elastin gene led by chronic sun exposure, and then triggering the wrong assembly of
elastic fibers.*° Similarly, overproduction of ROS is involved significantly in elastolysis. Both elastin and collagen can be
broken up by MMPs,*' which is probably associated with ROS-induced activation of activator protein 1 (AP-1).*?

Ageing of Cutaneous Cells and Tissues
Generally, cell viability tends to decline with ageing because its capacity to repair various forms of injury gets lost. As
dysfunctional molecules are accumulated in cells and tissues, senescent phenotypes occur.

Although cellular senescence is proposed as one of the ageing hallmarks,? its origin in the human skin is still under
investigated.>® Senescent cells share common features with alteration of gene expression and cell cycle, reorganized
chromatin, and changes in morphology and metabolism.>* Cell cycle, a series of events like cell division, differentiation
and regeneration is dominated by genomic stability. This stability is mainly attributed to the modulation of the telomeric
ends that protect chromosomes by a nucleoprotein cap from exposure to the DNA damage reaction.>°

For most types of normal cells, telomeres get shortened with each run of cell cycle owing to incomplete lagging-
strand DNA synthesis, and when too short, the cell will be unable to divide, and the outcome of cellular senescence
arises. The telomerase enzyme complex with the ability to maintain telomere length can be found in the basal epidermis
(keratinocytes) but is almost undetectable in the dermis (fibroblasts). A balance between telomerase activity and telomere
length is essential to keep skin cells normal.>’ For patients suffering from a disease called dyskeratosis congenita,
a number of epidermal abnormalities are found related to in the mutated telomerase component genes.>®

Telomeres are likely to be influenced by rapid shortening caused by DNA-damaging agents such as ROS. The
cutaneous effects of ROS vary with cell types, ie keratinocytes appear more resistant to UVB-induced injury, and are
likely subjected to more apoptosis and less senescence in comparison with fibroblasts in the same condition.*” Therefore,
while the defective keratinocytes are removed by apoptosis, fibroblasts with telomere shortening may get degenerative,
remaining in the dermis layer to adversely affect epidermal growth via cellular communication (eg paracrine signaling)
and ECM deposition.*’

Mitochondrial dysfunction is also linked to phenotypic signs of skin ageing: wrinkle formation, delayed or decreased
wound healing, and irregular pigmentation.*® The constant renewal capacity of skin depends on the rapid proliferation of
its progenitor cells, the energy of which is supplied through mitochondrial respiration. Mitochondria can be both targets
and producers of oxidative stress: during mitochondrial respiration ROS is produced and then disrupt macromolecular
and cellular structures if not suppressed by the antioxidant system; and additionally, mitochondria themselves are the
organelles susceptible to the process of UV-induced and chronological skin ageing. Higher rates of mutations and
deletions in mitochondrial DNA (mtDNA) are detected in photoaged skin and skin cancer lesions.*'

Senescence-associated secretory phenotype (SASP), a phenomenon that senescent cells release pro-inflammatory
chemokines, cytokines, proteases and growth factors, may promote chronic inflammation and frailty in aged skin.** The
SASP seems closely linked to the immune system. Macrophage chemokines, eg monocyte chemoattractant protein-1, are
prominent elements of the SASP, while innate immunity including infiltration of macrophage is involved in removing
senescent cells. A decline of tissue macrophage responses potentially contributing to a cumulating burden of senescent
cells in elderly, which in turn disrupts the immune function.** This phenomenon is referred to as “inflammaging”,
a continuous, low-grade inflammation associated with ageing.**

From a perspective of tissues, cutaneous manifestations such as fine wrinkles, senile pigmentation,*” and senile
xerosis,*® and are common among the elderly. As mentioned above, the epidermal proliferation and turnover slow down
significantly in aged skin. Xerosis (dry skin) displays aberrations in the keratin expression in the epidermis. Pigmentation
homeostasis is altered in the ageing process. In addition to “pigment-producing” melanocytes damaged directly, the
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physiological interaction between melanocytes and other surrounding senescent cells such as keratinocytes, fibroblasts,

endothelial cells take part in the development of senile lentigo.4749

Systemic Ageing of an Individual

Ageing is a pathophysiological process than an individual suffers a gradual impaired homeostasis of the whole system
including skin, skeleton, internal organs, brain and so on. Different body sites show various signs of senescence over
time, and particularly, the skin ageing is the most important element that determine how people estimate the degree of
individual senescence.

In essence, the causative factors of skin ageing are broadly categorized as “intrinsic” and “extrinsic”.'®°
A changeable interaction between intrinsic and extrinsic modes may exist, which make it very difficult to discriminate
the levels of involvement in the ageing processes between the two types of factors.

From an intrinsic standpoint, an intrinsic defect, such as gene mutation that impairs genome stability and DNA repair,
can cause a genetic disorder characterized by premature ageing. Werner Syndrome,”’' xeroderma pigmentosa,”> and
Cockayne Syndrome,™ are well-known progeria syndromes with distinct features of individual senescence. However,
among the middle-aged at the identical chronological age, disparities in paces of skin/facial ageing and varying degree of
senescence may be shown, the reason of which should not be explained only by the governance of innate genetic factors

but also by the susceptibility to external causes, eg solar radiation,>* diet,” pollution,’*-’ 58,59

and even lack of sleep.

To elaborate how important each external cause (extrinsic ageing) is, the twin studies have been designed, which
allow a unique opportunity to control for the majority of the genetic factors (intrinsic ageing). Interestingly, a Japanese
monozygotic twin study demonstrates that facial texture and wrinkle scores are likely to be influenced by environmental
factors, suggesting tobacco smoking accelerates the visible ageing of skin, and whereas use of skin protectant decelerates

this process.®

Skin Anti-Ageing Regimen
More than a mere aesthetic problem, skin degeneration in structural stability and functional integrity with the passage of
time is defined as a disease by Russell-Goldman and Murphy.®' Skin ageing can negatively and significantly affect the
“quality of life” (QOL) of the elderly, especially for those with dermatological disorders worthy of medical attentions.

Since skin serves as “a neuro—endocrine—immune organ”,'? any locally disturbed cutaneous homeostatic status can
influence the steady conditions of the whole system. According to the concept of “inflammatory skin march” in atopic
dermatitis, once pro-inflammatory cytokines like interleukin (IL) —1 and tumor necrosis factor-a (TNF-a)) from skin
lesions are released beyond normal limits, chronic low-grade systemic inflammation may be caused, which predisposes
the patient to suffer from cardiovascular disease and type 2 diabetes.°® In other words, the attempt to prevent skin
senescence should have “implications that transcend the integument” and will benefit those vital internal organs that
“youthful skin was designed to envelop and safeguard”®' in terms of systemic ageing and age-related dysfunction.

A constant pursuit of human is to arrest, or postpone the pace of skin ageing, and even get rejuvenated. Hence,
a number of anti-ageing approaches pertaining to the skin have been developed to minimize the cutaneous signs such as
wrinkle, laxity, roughness, pigmentation, dryness and chronic inflammation.®® It is not realistic to get rid of all these signs
with one single anti-ageing approach. Consequently, we will discuss in this chapter an integrated regimen of skin anti-
ageing, a combination of various approaches to skin revitalization and restoration of each layer (see Figure 1).

Multilayered Targets at Various Depths

Restoring Impaired Epidermal Barrier

Primarily, the topical use of moisturizers is the cornerstone of skin barrier regulation and repair.**> Direct supplements
of the triple lipid mixture “ceramides, cholesterol and free fatty acids” are beneficial to maintain the cutaneous barrier by
filling the space of the outermost layers of keratinocytes (stratum corneum).’® Furthermore, the effort to improve
epidermal barrier is worth via increasing expressions of “cornified envelope™-related proteins such as keratin,®’

filaggrin,*® and loricrin.*
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Figure | A schematic illustration of an integrated, multilayer-targeted intervention, which involves both topical application of anti-ageing formulations from outside and oral
supplementation from inside.

Attenuating Skin Inflammaging
Since tissue homeostatic status can be influenced by SASP significantly, the possibility of suppressing SASP factors from
senescent cells and mitigating the negative impacts of “inflammaging” is of particular interest.”>’> The JAK/STAT
pathway,”® the transcription factor NF-xB,”* as well as senescence-associated B-galactosidase (SA-B-gal),”® represent
favorable targets to control SASP.

Upregulating the Cellular and ECM Turnover

Epidermal turnover can be promoted via stimulating proliferation of keratinocytes and accelerating the peeling process of
stratum corneum (desquamation). The cosmetic use of retinoids,’® or hydroxy acids such as alpha hydroxy acids (AHAs)
and polyhydroxy acids (PHAs) may exhibit this benefit. Modulation of the dermal fibroblast-ECM interactions, by
breaking the self-perpetuating cycle of collagen fibril fragmentation, is also an important procedure to skin anti-

9

ageing.””’® This involves introducing agents that can stimulate fibroblast proliferation,”® suppress expression of

MMPs,*® boost collagenesis,®' elastin production,®® and glycosaminoglycan synthesis,** etc.

Lessening Oxidative Stress

Oxidative stress initiated by excessive ROS generation causes cell injury. Antioxidants are conventionally adopted to
relieve skin ageing by neutralizing formed ROS. There are many popular antioxidants, eg vitamin C, vitamin E,
glutathione, coenzyme Q10, as well as some botanical extracts.

Reducing AGEs Deposition

AGEs are viewed as “key players in skin ageing”.®* Various AGEs affect skin at different layers: weakening epidermis
barrier function, destroying structure of keratinocytes, promoting melanin production in melanocytes, obstructing skin
wound healing, stimulating fibroblast apoptosis, and damaging fiber contracture in the dermis.® Preventative agents that
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inhibit AGEs formation, break the generated AGEs, or block receptors of AGEs, are of particular interest in counter-
acting AGEs induced skin ageing.

Rescuing Telomere Shortening

Attention has been paid to telomerase and telomere length for anti-ageing interventions.>”-’*%¢ The shield of telomeric
DNA, known as “shelterin”, is a specialized six-protein complex, and has fundamental actions on modulating telomere
length and telomere capping.®” Therefore, potential shelterin enhancer, telomerase activator® and telomerase reverse

transcriptase (TERT) expression activator® have been sought for anti-ageing interventions.**"°

Relaxing Contraction of Facial Musculature

To postpone the progress of “expression wrinkles” with the elapsing time, non-invasive cosmetic approaches have been
developed to suppress repetitive facial muscle movement. Herein, neurotransmitters such as acetylcholine released from
nerve endings bind to their corresponding receptors on the surface of myocytes, which depolarizes/activates Na"
channels, and accordingly, stimulates Ca®" channels, and eventually, triggers contraction.”’ Based on the above signaling
pathway, novel compounds that inhibit nerve endings from releasing acetylcholine, competitively bind acetylcholine
receptors, or deactivate Na" channels can be promising for the cosmetic use.

Crosstalk Between the Skin and the System

Skin functioning relies on the homeostasis of the whole body, and conversely, cutaneous functions in an intact and steady
state contribute a lot to everyone’s well-being. Apparently, skin ageing is part of the systemic ageing of the whole body.
It is rational to take care of skin from both outside and inside to combat ageing.

From the Outside in: Topical Application

The traditional approach to anti-ageing is topical use of skin care products, directly applied to a body surface. Although
the cosmetic industry has succeeded in discovering and incorporating several active ingredients in their products, the
epidermal barrier remains an obstacle in the way that these actives penetrate the skin. In order to overcome the barrier for
the expected efficacy, an effective transdermal delivery of actives from the anti-ageing formulations should be designed
and optimized, by using chemical permeation enhancers, as well as appropriate vehicles.”

In addition to positive impacts on physical appearance and emotional experience, an appropriate use of skin care
products may bring imperceptible benefits to one’s health through preventing systemic comorbidity in cutaneous
degenerative alterations. For instance, if a shift toward cellular senescence in skin (inflammaging) is reversed at an
early stage, ideally, circulating pro-inflammatory cytokines will be reduced to some extent, and the occurrence of age-
related disorders such as arthritis, type 2 diabetes, and dementia, may be postponed.

From the Inside Out: Oral Supplement

Good nutrition is the foundation of healthy skin. Consuming a healthy diet throughout the life-course assists in
prolonging lifespan and delaying ageing.”® Rational nutrient intakes are found associated with a more pleasant skin
appearance,”"** while a positive relation between dietary AGEs intake and AGEs accumulation in skin suggests potential
detrimental effects on health outcomes.”® Oral anti-ageing preparations acting from the interior of human body, therefore,
can be anticipated to manifest cutaneous benefits.

In the near decade, oral supplementation of collagen has come to be popular, and been an option of the anti-ageing
remedy.”® A series of randomized control trials reveals that oral supplementation of collagen may boost skin hydration
and elasticity, and lessen skin roughness and wrinkles.”” When orally administered, ceramides and hyaluronan, are as
effective for skin moisturization as their topical application.”®’

Foodborne antioxidants (eg phytosterols, polyphenols, minerals and vitamins) can scavenge ROS obtained from diet
and mitigate the related oxidative damage. Such an example is Rosa gallica extract taken by an oral route, which prevent

UVB-induced photoaging in vivo.'*
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The communication between the skin and gut microbiome in a bidirectional manner, namely the gut-skin axis, works
through the immune system, mediators of inflammation and so on.'°' Oral prebiotics and probiotics may aid in regulating
cutaneous conditions.'® The fermented dietary fibers can be metabolized by colonic bacteria into products called short-
chain fatty acids (SCFA), which help to maintain an integral skin barrier by upregulating the turnover of keratinocytes.'®

Apart from nutrition, sleep of good quality is another necessity for skin health. Sleep problems are common among
adults, and likely to increase. Chronic sleep deficiency along with the disrupted circadian rhythm is relevant to cutaneous
symptoms of damaged barrier integrality and accelerated ageing.>® Oral supplements derived from plant extracts that
ameliorate sleep quality via neurotransmitter-mediated mechanisms have been extensively reviewed,'® which provide

evidence for oral skin care and further, an auxiliary to skin anti-ageing.

Promising Naturally Derived Ingredients from an Anti-Ageing Perspective
With increased knowledge of cutaneous physiology and senescence, a great number of bioactives aiming the anti-ageing
segment have emerged in the cosmetic market. The following section will dig deep to understand the underlying
mechanisms by which some promising ingredients currently available take effect, while focusing on different anti-
ageing targets mentioned above, as summarized in Table 1.

Cordyceps Spp. Extract
Cordyceps is a wide-ranging term for a fungi genus parasitic mainly on insects and other arthropods. The genus,
comprising more than 400 species, has a worldwide distribution, especially in east and southeast Asia. More than sixty
species have been discovered in China, two of which Cordyceps sinensis and Cordyceps militaris are the most valued
species in the traditional medicine. Diverse bioactive components present in Cordyceps, including cordycepic acid,
polysaccharides, ergosterol, peptides, nucleosides, especially cordycepin and its derivatives, form the basis of their broad
range of biological potentials.'*®

How Cordyceps interacts with UVB has been studied. The aqueous extract of C. sinensis is found to protect
keratinocytes against UV-induced damage, via reducing ROS production and intracellular hydrogen peroxide content.

In the network pharmacology analysis, bioactive compounds in C. sinensis were suggested to act on PPAR (peroxisome

Table | Some Naturally Derived Ingredients of Interest in the Skin Anti-Ageing

Regimen
Extract/Compound Activities References
Cordyceps spp. extract Antioxidative [105-108]
Anti-inflammatory
Modulating ECM
Cortex Mori extract Antioxidative [109-111]
Suppressing AGEs
Anti-inflammatory
Acmella oleracea extract Relaxing muscle contraction [112]
Cortex Moutan extract Antioxidative [113-117]
Anti-inflammatory
Modulating ECM
Ergothioneine Antioxidative [118-121]
Modulating ECM
Protecting mtDNA
Kappaphycus alvarezii Extract Antioxidative [122-125]
Anti-inflammatory
Protecting telomere
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proliferator-activated receptors) signaling pathway, cholesterol metabolism, and ovarian steroidogenesis against low dose
UVB-induced alterations.'%’

Hirsutella sinensis, C. sinensis at an early stage, can suppress inflammasomes through inhibiting activated macro-
phages from secreting IL-1p and IL-18, supported by the finding than its ethanol extract reduces the production of ROS,
the activation of caspase-4, and the inflammasome components (P2X,R and NLRP1).'%

C. militaris can also serve as an ROS scavenger. After being pretreated by its aqueous extract, human dermal
fibroblasts in vitro resist H,O,-induced apoptotic cell death, and show less activity of SA-B-gal, a biomarker of premature
ageing at the cellular level.'"”” Furthermore, C. militaris extract can protect skin ECM against degradation. Based on its
chemical profiles, phenolic compounds in the extract are able to inhibit hyaluronidase, MMP-1, and elastase, while

flavonoids show an inhibitory impact on hyaluronidase.'®®

Cortex Mori Extract
Morus alba is a medium-sized mulberry tree, originally from China and now widely cultivated worldwide. Its root bark,
Cortex Mori, is bioactives including stilbenes, flavonoids, terpenes, benzofurans, and alkaloids have been isolated from
Cortex Mori.'?” Cortex Mori extract exhibits a protective effect on diet-induced neuronal damage in mice by reducing
AGEs deposit, RAGE (receptors for AGEs) expression and pro-inflammatory cytokines, and inhibiting mitogen-activated
protein kinases (MAPKs),'” suggesting that this extract could be valuable for skin anti-ageing via modulation of the
AGE-RAGE/MAPK signaling pathway. With respect to anti-inflammation, Cortex Mori shows the ability to down-
regulate cyclooxygenase-2 mRNA, and suppress the production of prostaglandin E, and nitric oxide in macrophages.''”
Hydroxystilbenes, polyphenols naturally occurring, are also ROS scavengers. Of them, resveratrol (one polyhydroxy
trans-stilbene compound) and its derivatives are found in mulberry root bark.'*®'** Aside from its inhibition toward

139 the anti-ageing potentials of resveratrol have been reviewed.'*' In

132

cellular tyrosinase activity and melanin formation,
vitro, resveratrol can delay cellular senescence through enhancing telomerase activity of endothelial progenitor cells.
Beneficial impacts of the resveratrol treatment on human fibroblasts in relation to ageing changes are also reported, eg
promoting cell duplications, reducing the acetylation levels of p53 protein and histones, and restricting elevations in
DNA content and nuclear size.'**> Moreover, resveratrol may lower mRNA expressions of MMP-1 and MMP-3 in dermal

fibroblasts treated by TNF-a via down-regulating p300/NF-kB acetylation,'""

or improve mitochondrial functions,
possibly correcting defects of mitochondrial fatty acid oxidation in cells.'** Nevertheless, clinical trials are required to

clarify whether human will benefit from these findings.

Acmella oleracea Extract
“Neuro-relaxing” botanical ingredients have drawn attention from the cosmetic industry. Among those, Acmella oleracea
extract is considered as a safe alternative to Botox, a drug that relaxes or paralyzes muscles. Acmella oleracea, is an
annual, flowering herb species, native to South American. Owing to its anti-inflammatory and local anesthetic effects,
Acmella, with a common name “toothache plant”, has been used to relieve oral pain for hundreds of years.'*
Spilanthol (the main representative of N-alkylamides) is the key bioactive constituent abstracted from Acmella
oleracea, flowers in particular.'*® Using a nerve-muscle coculture model, the influence of spilanthol on muscle
contraction frequency has been investigated, as well as the recuperation of contractile activity after spilanthol blocks
muscle contractions. This compound manifests a Botox-like action, thus inhibiting contractions in subcutaneous
muscles.''? The fact that spilanthol penetrates the epidermal barrier and reaches the dermis and even deeper sites has

been demonstrated in Franz-diffusion cells using human skin,'>’

making it feasible to reduce facial expression wrinkles
by topical application.

Interestingly, Acmella oleracea may also favor tendon repair, via increasing the molecular organization and content of
collagen in partially transected tendons.'*® Whether this effect help restore the impaired ECM in aged skin needs further

studies.
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Cortex Moutan (Peony) Extract

Cortex Moutan, a plant crude drug in traditional Chinese medicine, is the root bark of Paeonia suffruticosa.
Phytochemical profiles indicate that Cortex Moutan contains many compounds, eg phenols and monoterpene glycosides.
Paconiflorin and paeonol are two of the characteristic and major components in Cortex Moutan.'*® In addition to the
pharmaceutical use, its efficacy against skin ageing has been concerned.

Cortex Moutan extracts can stimulate dermal keratinocytes and fibroblasts into proliferation at low concentrations.''
Paeoniflorin exerts a cytoprotective effect, when cultured keratinocytes from both hairless mouse and human are
subjected to UVB-induced DNA damage. And reduced facial wrinkles were observed among volunteers using
a paeoniflorin-containing formulation for eight weeks.''* These findings may be correlated with paconiflorin’s inhibitory
effect on the ROS-p38-p53 pathway.''

In a study of the senescence model of MRC-5 cells exposed to H,O,, paconol can weaken the cellular ageing
condition by attenuating the activity of SA-B-gal and expression of other senescence biomarkers. This anti-ageing effect
is in part due to promotion of the transcription factor, “nuclear factor-erythroid 2—related factor 2” (Nrf2). Meanwhile,
premalignant human keratinocytes display a decline in levels of SASP factors (IL-6 and -8) after the paeonol
treatment.''®

Paeonol extracted from Paeonia suffruticosa seems promising in protection skin from UVB-induced photoaging. The
UVB exposure to keratinocytes causes the phosphorylation of MAPKs. MAPKSs are the promoters of AP-1, and the latter
is an important transcription activator of MMP-1 which degrades the ECM structural protein, procollagen type I. In vitro,
paeonol disrupts this pathway in keratinocytes and attenuate potential cutaneous damage, further proved by the finding of
an in vivo study, ie topical application of the extract on UVB-exposed hairless mice can decrease expression of MMP-1
and increase production of procollagen type L'

Ergothioneine

Ergothioneine, a unique amino acid, is a natural antioxidant discovered from the rye ergot fungus Claviceps purpurea by
Charles Tanret over one century ago.'*® In UVA-irradiated human dermal fibroblasts, ergothioneine decrease expression
of TNF-a and MMP-1.""® In a keratinocyte system co-cultured with fibroblasts, ergothioneine activates HSP70 as well as
the Nrf2/HO-1 pathway in keratinocytes, and protect those skin cells from UVB damage by inhibiting ROS production,
cytokines mediating inflammation and apoptosis, and thereby alleviates the subsequent senescence of fibroblasts via
maintaining the steady-state of collagen.'"’

A specific transporter for ergothioneine (ETT) is concentrated in mitochondria. Cells lack of ETT suffer more
mitochondrial DNA (mtDNA) damage caused by oxidative stress than the normal ones, suggesting the role of
ergothioneine in protecting mtDNA from the adverse effects of oxidative stress related to superoxide generation in
mitochondria.'?® Another in vitro study shows that ergothioneine enhances the level of glutathione in a reduced state and

prevents against photoaging-associated mtDNA mutations in cells.'?!

Kappaphycus alvarezii Extract
Seaweed or marine macroalgae refers to thousands of species of macroscopic multicellular organisms. It is a favorable
source abundant in bioactive chemicals, contributing to the beneficial cutaneous activities, such as moisturized,

41" Among various seaweeds, Kappaphycus alvarezii

antioxidative, photoprotective, anti-ageing, and anti-inflammatory.
(formerly Eucheuma cottonii) is an edible red seaweed predominating in the coastal and continental shelf areas. It
contains high amounts of carbohydrates, proteins, phenolic compounds and polyunsaturated fatty acids, and thereby has
been cultivated widely, and developed for carrageenans and even functional food.'*?

As a rich source of antioxidants, K. alvarezii extracts protect mice against liver damage caused by lead acetate.'*?
Oral supplementation with K. alvarezii modulates the balance of gut microbiota and reverses metabolic syndrome in

obese rats,'*? 123

or decreases plasma H,O, level and renal NOX4 (NADPH oxidase 4) gene expression in diabetic rats.
In an asthma rat study, the seaweed consumption reduces mucin synthesis, suppresses eosinophil infiltration, and

downregulates expression of MMP-9 and inflammatory mediators (NF-kB, IL-4 and TNF-a).'**
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K. alvarezii extract promotes migration in human keratinocytes in vitro through the p38 MAPK/CREB (cAMP
response element-binding protein) pathway.'** Hydrolysis product of K. alvarezii containing linear galactans stimulates
the expression of POT1 and TPP1 (two of the components of “shelterin”), thus limiting the telomere shortening and
decelerating the senescence process of dermal fibroblasts.'?

Concluding Remarks

The visible signs of ageing, health, and disease can be easily displayed by skin. Skin ageing is a progressive condition as
a consequence of the accumulating damage. The age-associated cutaneous changes, induced by both intrinsic and
extrinsic factors, gradually emerge at different levels, ie biomolecules, cells, and tissues, and ultimately, leads to develop
malfunctions of different cutaneous layers and even psychosomatic disorders. In this review, to optimize the ageing
process towards a healthy skin, we propose an integrated, multilayer-targeted intervention, which involves introducing
agents that can restore impaired epidermal barrier, attenuate inflammaging, fight against oxidative stress and AGEs
deposition, inhibit telomere shortening, modulate abnormal ECM, and relax contracted facial muscles, with the aid of
oral supplementation of anti-ageing preparations from inside. Moreover, naturally derived ingredients have played an
important role in present means of treating ageing skin. Many of them possess various bioactivities, contributing to
different skin benefits. However, further clinical trials are required to corroborate the safety and efficacy for the
application of naturally derived ingredients.
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