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Chapter 9 )
The Impact of Herbal Products gt
in the Prevention, Regeneration and Delay

of Skin Aging

Mega Ferdina Warsito and Idha Kusumawati

1 Introduction

The skin 1s the outermost and the largest organ of the human body, representing one
sixth of the total body weight [1]. Skin has a role as a physical barrier against harm-
ful microorganisms, toxic substances and ultraviolet radiation, and it regulates
water loss and body temperature [2, 3]. Changes 1n the skin will affect an individual
not only physiologically but also psychologically, which are both significant for
quality of life. Along with aging, the skin like all human organs changes progres-
sively. This natural change 1s called chronological aging. However, as the outermost
organ and as a body barrier, the skin will also be subject to exposure to stressors and
dangers from the environment outside the body. Changes in the skin due to external
factors are referred to as premature aging, and because they are often caused by
Ultra Violet radiation (UVR), this is also called photoaging [4-6].

Skin reflects the intrinsic and extrinsic aging process in the human body, which
further causes changes in its function and structure [7]. The dermatological concern
correlated with skin aging has grown as the aging population in the world has
increased. Skin aging not only affects appearance but it can also influence an indi-
vidual’s social behavior and reproductive status [2]. Thus, some people pay a con-
siderable amount of expense for cosmetics and pharmaceuticals that could prevent,
regenerate and delay skin aging [8].
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Aging phenomena are known but the aging process is not clearly understood.
Aging 1s associated with a decrease in function and character of physiological,
physical and appearance of the body [9-11]. In 1956, Harman developed the the-
ory of free radicals (reactive oxygen species; ROS) as a cause of aging. An imbal-
ance in the amount of exposure and elimination of ROS by antioxidants will affect
many physiological processes in the body. Environmental insults to the skin such
as those caused by UVR and pollutants can cause the formation of ROS [5. 6].
ROS are unstable molecules that can react easily with electron acceptors, such as
oxygen, and turn into free radicals. The accumulation of ROS that are not elimi-
nated by the antioxidant system in cells produces what is called oxidative stress.
Clinical manifestations of oxidative stress on the skin due to accumulation of
ROS include increased skin weakness, xerosis, wrinkles, pigmentation irregulari-
ties, benign growths (such as seborrheic keratosis) and/or malignant neoplasms
such as basal or squamous cell carcinoma. At the cellular level, there can be a
decrease in keratinocyte proliferation, reduced generation of the stratum corneum,
lower regeneration of the protective layer caused by reduced lipid synthesis, and
thermoregulation damage due to changes in responsive blood vessels and the
autonomic nervous systemni.

The rate of skin aging is affected by intrinsic and extrinsic factors and almost
every aspect of biological function [3]. Intrinsic skin aging factors can be affected
by ethnicity, anatomical variation and hormonal changes in cutaneous tissues. Some
of the extrinsic factors in skin aging include poor nutrition, smoking, nicotine, pol-
lution, and UVR exposure.

Herbal extracts are complex mixtures of natural compounds with various struc-
tures and origins. These have been used in skin care and cosmetic products since
ancient times. The strategies of herbal product for the treatment and prevention of
aging skin are variously based on their potential activities as antioxidants [1], anti-
photo-aging agents [12, 13], anti-inflammation activity [ 14, 15], as skin cell prolif-
eration promotors [16], modulators of collagen and elastin synthesis [17], or as
inhibitors of melanin production [18].

The increasing concerns regarding quality of life and appearance have led to an
increase in the market of natural compounds with anti-aging and photoprotective
properties [19]. Plant extracts and natural compounds are able to protect or amelio-
rate the deleterious effects on aged skin, and many of them are used as either oral
dietary supplements or topical cosmetic formulations. The importance of cosmeti-
cal preparation is not only related to improving the overall appearance of the skin
during aging but it also offers a better quality of life through prevention and treat-
ment of skin disorders related to the aging process [20].

This review will summarize the skin aging charactenistics in each layer, the
usage of herbal products in the prevention, regeneration and delay of the skin aging
process, and herbal formulations to increase the effectivity of cosmeceutical
products.
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2 Characteristic of Aging Skin

Aged skin has the characteristics of being thinner and pigmented, with increased
laxity, coarseness, wrinkling, sallow coloration, telangiectasia (apparent widened
venules), dryness, fragility, ease of bruising, and cutaneous malignancies. Intrinsic
skin aging 1s a normal physiological process that occurs due to genetic or metabolic
factors [3]. The most noticeable histological changes occur in the basal cell layer as
the epidermis becomes thinner, the dermal-epidermal junction (DEJ) area decreases,
and basal cell proliferative capacity weakens [21].

The skin consists of different cell types and compartments with different func-
tions [22-25]. The salient features of aged skin occur throughout the epidermis,
dermis and subcutaneous tissue, which in turn manifest in the alteration of skin
topography. The basal layer contains pigment-producing melanocytes, which deter-
mine skin color and possess photo-protecting properties. The DEJ connects the epi-
dermis to the underlying dermis, which contains dermal fibroblasts and appendages
such as hair follicles, sebaceous glands and sweat glands. As shown schematically
in Fig. 9.1, the aged skin dermis is relatively avascular and acellular compared with
younger skin. It also has lower production and disorganization of collagen, frag-
mented elastic fibers, as well as lower glycosaminoglycans and melanocytes.

Young skin Aging skin
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Fig. 9.1 Clinical manifestation of aged skin
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Signs of skin aging include thin and dry skin, coarse wrinkles, decreased elastic-
ity, laxity, aberrant pigmentation and a rough-textured appearance. Decreased pro-
liferation and renewal capacity of basal keratinocytes and reduced epidermal stem
cell number are also several factors that can cause epidermal, DEJ and dermal thin-
ning [3]. The extracellular membrane (ECM) generates fibroblasts, which are
responsible for maintaining skinintegrity and elasticity in the dermis area. Therefore,
alterations and degradation of the ECM during dermal thinning can cause increased
numbers of wrinkles and decreased skin elasticity [26].

2.1 Epidermis

The epidermis 1s the outermost part of the skin, composed of four strata known as
the basal, spinous, granular and cornified layers [4, 5, 27]. The dominant cell types
in the epidermis are keratinocytes and melanocytes. It has a function to prevent
water loss, protect the body from toxic chemicals and pathogenic microorganism,
abrasions and UVR.

Regeneration of the epidermal cells occurs continuously in young skin. This
regeneration begins with multiplication of proliferative cells in the deepest layer,
and these are pushed out by differentiation and cell division [4, 5, 21, 28].
Differentiation causes molecular, structural and functional changes of keratinocytes
so that these will occupy different layers. The peak of differentiation will produce
corneocytes which are dead cells. Corneocytes, which are rich in proteins, are
embedded in the matrix, which i1s composed of ceramides, cholesterol and fatty
acids [23, 29].

In the cornification process, calcium has an important role. The lowest calcium
level 1s found 1n the basal stratum and increases up to the stratum corneum. In young
skin, the stratum granulosum has high calcium levels. In old skin, the distribution of
calcium in each layer 1s so irregular that the composition of the protective proteins
of corneocytes changes. This is also thought to be a mechanism of protection against
aging [4, 5]. The speed and regeneration ability of epidermal cells 1s influenced by
age. Aging leads to decreased numbers of cells that proliferate in each layer and
dead cells accumulate so that the regenerative capacity of the tissue 1s lower. The
structure and shape of cells change to become more porous and the functions of
structural organizations become less effective [28].

The normal aging process does not affect dermis thickness, but there are notice-
able changes in skin structure. For example, the skin becomes more susceptible to
uritation and has lower permeability, which results mn reduced trans-epidermal
water flux [23, 29]. In some cases, the whole epidermal layer will gradually decrease
in thickness with age at a rate of approximately 6.4% per decade. In photoaged
conditions, this reduction in thickness will occur faster. The form of keratinocytes
also becomes shorter and fatter, while the corneocytes become larger as a result of
decreased epidermal turnover. In aged skin, there is a decreased water binding
capacity due to changes in amino acid composition and lipid levels so that the
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capacity of natural skin moisturizing factors are reduced. Disorders due to the aging
process can also affect the barrier function of the skin, due to the global reduction
of lipids in the stratum corneum, which will affect corneocyte binding in the matrix.
In addition, the DEJ can be flattened, causing reduced interdigitation between the
epidermis and dermis which results in reduced supply of nutrients and oxygen.

Melanin has a role as sun protector in the skin [23]. In photoaging, the produc-
tion of melanin decreases due to a decrease in the functional amount of melanocytes
in the basal layer of the epidermis (stratum basale). Therefore, older people are
more susceptible to UVR exposure which can cause sun-induced cancer [23]. Aging
of the skin causes uneven pigmentation with a tendency towards hyperpigmenta-
tion, even though there i1s a decrease in the number of melanocytes. In addition,
there 1s also loss of melanocytes in certain areas and changes in interactions between
melanocytes and keratinocytes [27].

2.2 Dermis

The dermis contains nerves, blood vessels, lymphatics and secretory organs [27].
Fibroblasts are the main cell type found in the dermis and these function to synthe-
size and degrade the ECM. The ECM structure consists of highly organized, elastic
and reticular collagen fibers. The three primary structural components of the dermis
are collagen, elastin and glycosaminoglican (GAG). Collagen functions to give skin
its strength and maintain tissue integrity, whereas elastin provides elasticity and
resilience. The extrafibrillar matrix consists of a complex mixture of proteoglycans,
glycoproteins, glycosaminoglycans, water and hyaluronic acid.

Many of the components and characteristics of the dermis decrease with age,
such as thickness, vascularization and cellularity, number of mast cells and
fibroblasts, as well as the levels of glycosaminoglycans, hyaluronic acid pro-
duced by fibroblasts and the number of interfibrillary ground substances [22, 25,
27, 29]. Decreased elastin and collagen turnover caused by a decrease in fibro-
blasts and collagen synthesis also occurs due to aging. Photoaged skin shows
disorganized collagen fibrils, fragmented elastic fiber and accumulation of
abnormal elastin-containing material. The clinical manifestations of dermal
aging include increased skin stiffness because the molecular integrity of the
dermis 1s lost, decreased extensibility of torsion, reduced elasticity, and
increased susceptibility to tearing-type injuries [29].

2.21 Collagen

Collagen is the most abundant protein in skin, constituting about 70% of dry skin
mass, and it i1s responsible for conferring strength and gives support to human
skin. Normal aging is characterized by atrophy of epidermis and dermis and also
fattened rete ridges [23]. Aged skin has thickened fibrils in rope-like bundles and
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it has a decreased collagen synthesis level [23, 30, 31]. The ratio of collagen
types in human skin is also an indicator of the skin age, because this ratio is
altered in aged skin. In young skin, 80% of collagen is type I and 15% 1s type
III. In contrast, old skin contains more type IIT collagen due to decreased levels
of type I collagen. In photoaged skin, studies have shown that there is 59% reduc-
tion of type I collagen. Collagen IV also plays an important role as the frame-
work for other molecules and it is also responsible for maintaining the mechanical
stability of DEIJ, which 1s assumed to be correlated with wrinkle formation.
However, there are no significant differences in collagen type IV levels in sun-
exposed and uv-exposed skin. Collagen VII functions by anchoring the fibrls
that attach the basement membrane to the underlying pappilary dermis. Sun-
exposed skin also shows significantly lower numbers of anchoring fibrils com-
pared to normal skin. Therefore, it is assumed that wrinkles may form as a result
of a weakened bond between the dermis and epidermis, due to degradation of
anchoring fibrils. Loss of collagen type IV and VII marks the base region of the
wrinkle. Overall, the collagen abundance in the skin decreases at a rate of
approximately 1% per year.

Skin aging. either caused by extrinsic or intrinsic factors, 1s marked by an
elevation of activator protein-1{ AP-1) activity, matrix metalloproteinase (MMP)
gene expression, inhibition of transforming growth factor (TGF)-p signalling,
reduction of collagen synthesis and increased collagen degradation [32]. UVR
exposure has been found to up-regulate the synthesis of MMPs through increased
amounts of transcription factors such as c-jun and c-fos. MMPs are increased
even without UVR exposure and this leads to the formation of AP-1. AP-1 then
activates the MMP genes and stimulates the production of collagenase, gelatin-
ase and stromelysin. Thus, AP-1 activation and (TGF)-§ signaling inhibition
mediates collagen degradation via increased proteolysis. MMPs, especially col-
lagenase and gelatinase, are known to be produced within hours of UVB expo-
sure. Long term elevation of MMPs likely leads to disorganized and clumped
collagen, and it is assumed that this causes the lower collagen I levels in photo-
aged skin [23, 30, 31].

2.2.2 Elastin

Photo-aged skin causes the accumulation of amorphous elastin material, called elas-
tosis [23, 30, 31]. UV exposure induces elastin fibre thickening and coiling in the
pappilary dermis and reticular dermis, reduction of microfibril numbers, increases
in the nterfibrillar area, complexed shaped and arrangement of the fibres and
increased numbers of electron-dense inclusions. Aged skin also has small amounts
of sugar and lipids and abnormally high levels of polar amino acids. MMP-2 1s
thought to be the protease responsible for degradation of elastin.

Sun exposure level affects the magnitude of the hyperplastic response or an
increased amount of elastic tissue. Photo-aged skin has been found to have lower
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elasticity and resiliency [31]. This skin 1s characterized by changes in the normal
pattern of oxytalan fibers in the pappilary dermis by the formation of the fibrous
network in young skin that ascends perpendicullary from the uppermost section of
the pappilary dermis to just beneath the basement membrane. The loss of elasticity
manifests as sagging skin in the elderly person [23, 30, 31].

2.23 Glucosaminoglycans

Glucosaminoglycans (GAGs) are polysaccharide chains with repeating disac-
charide units attached to a core protein, which are responsible for conferring the
outward appearance of the skin by its capability to bind water uo to 1000 times
their volume [31, 33]. Hyaluronic acid (HA), dermatan sulphate, and chondroi-
tin sulphate are types of GAGs, which give skin its plump, soft, and hydrated
appearance. They also help to maintain the salt and water balance. There are
conflicting reports regarding the effect of UVR exposure on GAG concentra-
tions in the skin, especially regarding HA. Some studies have reported that the
GAG concentration in the skin decreased following UVR exposure, but others
have suggested that there are no UVR-induced changes in GAG levels. It 1s
assumed that this discrepancy may have occurred because GAGs are produced
in both the epidermal and dermal areas. In intrinsically aged skin, the HA level
in the dermis remains stable but the epidermal HA diminishes almost com-
pletely. Reduced levels of HA can be observed in the photoaged skin and scars.
HA can be found in young skin at the periphery of collagen and elastin fibers
and also at the intercept of these fibers in the both dermal and epidermal area,
but not in the stratum corneum or stratum granulosum [34]. Wrinkle formation,
sagging skin, reduced turgidity and capacity to support microvasculature in the
skin correlate with decreased HA levels.

2.3 Vasculature

Blood flow to the skin is decreased in aged skin, with the reduction reported to be
around 40% between the ages of 20 to 70 years [31]. This results in lower nutrient
exchange, inhibition of thermoregulation, decreased temperature in the skin surface
and skin pallor. The anatomical and physiological changes in the microcirculation
that have been reported include impaired microvascular reactivity, increased vascu-
lar stiffness, decreased vascular density and impaired vascular organization [35].
Acute and chronic UV radiation stimulates skin angiogenesis through upregulation
of vascular endothelial growth factors and inhibition of thrombospondin-1, a potent
angiogenesis inhibitor. In particular, a decreased vascular network appears in the
pappilary dermis, as shown by the disappearance of the vertical capillary loops
which is the cause of the effects described above [36].
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2.4 Subcutaneous Tissue

The subcutaneous layer maintains the structural integrity and function of blood ves-
sels needed by the dermal and epidermal layers [30, 31, 36]. Subcutaneous fat 1s
higher in females compared to males. In females, it represents 85-90% of the total
body fat [36]. Subcutaneous fat 1s highly partitioned in distinct, independent com-
partments separated by septal barriers [37]. Fat redistribution in the aged skin results
in a reduced subcutaneous:visceral fat ratio [38], which has been found to be cor-
related with physiological alteration of adipocyte metabolism and adipokine synthe-
sis [39-41]. Skin aging also caused diminished subcutaneous fat in the face, as well
as in the dorsal area of the hands and shins.

3 Herbal Products for Skin Anti-aging Strategies

The use of oral and topical exogenous antioxidants is one means of preventing and
repairing oxidatively-damaged skin. Various plant species have been widely used as
sources of oral and topical antiaging agents. In addition, a number of plant second-
ary metabolites have activities that may lessen the effects of aging on the skin, such
as antioxidants, photoprotective agents, anti-inflammatory molecules, modulators
of collagen/elastin synthesis and inhibitors of melanin synthesis.

3.1 Antioxidants

The secondary metabolites in plants include antioxidant compounds (especially
phenolic compounds; catechins, 1soflavones, proanthocyanidins, and anthocyanins),
phenolic acids (benzoic, gallic, and cinnamic acids) and stilbenes [42-44]. These
are derived from plants such as tea, grape, bergamot, fernblock, rooibos, grapefruit,
and red orange, and are currently widely used in cosmetic formulations. Based on
their structure, polyphenol compounds can act as antioxidants through radical scav-
enging or as oxidized prooxidants via phenoxyl reactive radicals or intermediate
quinone or quinone metides. The antioxidant activities of polyphenols appear to be
more effective than vitamin E and vitamin C. Their use 1n topical formulas has been
shown to be effective as antiaging agents through antioxidant activities [42].
Flavonoids and phenolic acids have the activity of capturing free radicals and acting
as chelating metal ions such as iron and copper, which can initiate the formation of
reaction free radicals. In addition, lavonoids can inhibit the activity of some redox
enzymes so they can inhibit cell damage caused by free radicals [45, 46].

Genistein and daidzein are effective antioxidant compounds. Both of these com-
pounds are 1soflavonoids, estrogen-like molecules, which are found 1 soybeans
[45]. The glycoside group 1s not estrogenically active and can be used for topical
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applications. Also, the epigallocatechin-3-galate (EGCC) contained in tea leaves 1s
a polyphenol with strong antioxidant activity and topical preparations of tea leaf
extract containing this compound can inhibit the effects of UVR exposure, includ-
ing protecting the body from UVR-induced immunosuppressant activity. Various
plant species from the coffee family also contain polyphenols such as proanthrocy-
anidins, quinic acid, caffeic acid, caffeine and chlorogenic acid, which are also pow-
erful antioxidants [31, 45]. Ferulic acid is another antioxidant found in whole grains,
spinach, parsley, grapes, rhubarb, and cereal grains (especially wheat) [47]. Topical
use of grape seeds has been proven to prevent or modrate UVR-related damages,
such as the thickening of the epidermal layer, erythema, pigmentation, inflamma-
tory neutrophil infiltration and collagen degradation, as well as the increased expres-
sion of genes associated with skin aging such as those for cyclooxygenase 2
(COX-2), nuclear factor erythroid 2-related factor 2 (NRF-2) and heme oxygenase
I (HO-1). The main content of grape seed 1s resveratrol which is a natural stilbene
compound. There are also other antioxidant compounds which may have use as skin
anti-aging products, such as quercetin, catechin, epi-catechin, gallic acid and oligo-
meric proanthocyanidins [43].

3.2 Anti-photo-aging Agents

It 1s well established that UVR can cause skin disorders such as sunburn and non-
melanoma skin cancer. A photoprotective agent can be used to minimize the harm-
full effects of UVR exposure to the bare skin. Sun protection factor (SPF) describes
the effectiveness level of bioactive compounds that act as UV protectants. It 1s
defined as the minimal erythema dose ratio between sunscreen-protected and unpro-
tected skin [48]. Sunscreens slow the progression of photo-aging and prevent aging
effects on the skin such as wrinkles, actimis keratosis reduction, solar elastosis and
squamous skin carcinoma. Sunscreen preparations contain organic UV filters that
block either UV-A and/or UV-B radiation by absorbing the radiation [49, 50].

Organic sunscreens that have been commonly used are aminobenzoate (e.g.,
p-aminobenzoic acid esters), cinnamate (e.g., octinoxate), salicylate, actocrylene
and benzophenone (e.g., oxybenzone), avobenzone and mexoryl SX [48]. Many
plant polyphenols have been evaluated as potential sun protection agents, since they
are able to absorb UV-B radiation [12-14]. For example, the phenolic compounds
of Schinus terebinthifolius crude extract, such as ethyl gallate, gallic acid and sev-
eral flavonoid compounds, may be useful as natural sunscreen products [12]. In
addition to their anttoxiadant activities, EGCG and resveratrol also have activities
that can reduce the size of erythema caused by UVR exposure. High dosages of
flavanol compounds from cocoapowder have a similar capability. Finally, carot-
enoids such as p-carotene, lycopene, canthaxan-thin, and lutein derived from toma-
toes, carrots and algae, are antioxidants that exhibit photoprotective activity and are
capable of reducing the size of erythema cause by UVR exposure [43].
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3.3 Anti-inflammatory Agents

As noted above, UVR induces oxidative stress in epidermal cells which causes lipid
peroxidation and cell damage. In this scenario, the complement system recognizes
the oxidation-specific epitopes and causes inflammation, which leads to macro-
phage infiltration and activation that removes the damaged cells and oxidized lipids
[51, 52]. Macrophage activation leads to MMP release that degrades the ECM. Thus,
long term exposure to UVR can lead to overactivation of the complement system,
which causes DEJ damage and overburdens macrophages with oxidized lipids,
which further causes chronic inflammation and long-term damage to the dermis due
to proinfammatory cytokines and ROS release [51, 53]. In cases of inflammation
caused by photoinduced oxidative stress, phenolic compounds can help by attenuat-
ing the activity of inflammatory mediators such as interleukin 6 (IL-6) and prosta-
glandin-E2 (PGE2). In addition, the natural compounds such as veratric acid [15],
dihydrochalcone phloretin, afzelin [14] and luteolin [54] can decrease expression of
the inflammation-related molecules.

3.4 Promotion of Skin Cell Proliferation

Epidermal skin cells possess the ability for self-renewal and dead cell replacement
with turnover times of 40-56 days, but aging makes the capacity decline [55].
Bioactive agents from herbal products can be used to restore this regenerative
capacity to some extent. Several plants that had been proven to have skin cell
renewal capacity include Populus nigra buds, oak woodm mate leaf, and benjoin
resin [16]. Nuclear magnetic resonance (NMR.) spectroscopy and mass spectrom-
etry (MS) analysis of Populus nigra buds extracts revealed the presence of 6 phe-
nolic acids (caffeic, -coumaric, isoferrulic, di-O-methylcaffeic, cinnamic), three
flavonoids (pinocembrin, pinobanksin, and its derivate) and salicin [16], which all
have potent antioxidant, antiinflammatory and skin regeneration activity. This
extract modulates transcription of genes, such as those for Kruppel-like factor 10
(KLF10), E2F-4 transcription factor (E2F4), and epidermal growth factor (EGF)
response factor 1{(ZFP36L1), which are mvolved in skin regeneration through
effects on proliferation, differentiation, survival, and DNA synthesis. Expression
of the catalase (CAT) gene was also found to be up-regulated, which 1s responsible
for antioxidative effects, and the chemokine ligand 5 (CCL5) gene down-regulated,
which is linked to inflammatory processes. The ellagitannin compounds of oak
wood, caffeoyl derivatives from mate leaf and phenolic acids in benjoin resin have
also been identified as compounds capable of modulating skin-aging related genes.
All of these compounds have a demonstrated ability to down-regulate the proin-
flammatory CCL5 gene and up-regulate proliferation marker genes (KLFI0, E2F4
and ZFP36L1) [16].
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3.5 Modulation of Collagen and Elastin Synthesis

The ECM proteins such as collagen and elastin are increasingly proteolyzed with
aging by the MMPs. MMPs in normal cells have been found to be regulated at the
transcriptional level by specific protein inhibitors. The homeostatic imbalance of
synthesis and degradation of the ECM causes loss of skin integrity, and may result
in wrinkle formation. However, inhibition of MMP activity facilitates maintenance
of skin structure and the phenolic compounds are known to preserve skin structure
through this mechanism [56].

Crude grape pomace from white wine contains phenolic compounds such as
cathecin, epicatechin, procyanidins B1 and B2, gallic acid, caftaric acid, quercetin
glycosides and stilbene trans-resveratrol which all act as inhibitors of MMPs. The
strongest activity was found in a fraction containing gallic acid, and this was fol-
lowed by procyanidins and catechin which had proteolytic inhibitory activity, espe-
cially to collagenase [56]. Unfortunately, the use of these compounds is limited due
to their high molecular weights and low permeabilities.

Gallic acid and elaeocarousin in an Emblica officinalis Gaertn ethanolic extract
has been reported to enhance proliferation and collagen production in fibroblasts
[17]. The extract was capable of minimalizing wrinkle formation through collagen
synthesis, MMP inhibition and revival of damaged collagen fibers. Tannins such as
emblicanin, pedunculagin and punigluconin are assumed to have similar activity as
green tea tannin (EGCG), which modulates the expression and production of MMPs
via AP-1 and nuclear factor kappa B (NF-kB) activation [57].

Depletion of collagen production in the aged skin can also be treated with col-
lagen synthesis enhancers, such as vitamin C and glycolic acid, which are claimed
to have anti-wrinkle capacities, although this has not been proven.

3.6 Melanin Production Inhibitors

Melanin is capable of absorbing 50-75% of the UVR exposure to the skin [58, 59].
Therefore, it can play a significant role as a skin protector. However, the hyperpigmenta-
tion caused by melanin overexpression can also lead to dermal disorders. Melanin 1s
natural pigment produced by melanosomes in melanocytes and it is transferred to kera-
tinocytes through dendrites. Melanin 1s a tyrosine derivative that forms during oxidative
stress reactions through the activity of the tyrosinase enzyme. Melanin synthesis 1s also
regulated by tyrosine-related protein 1 and 2 (TRP-1, TRP-2) and cellular signaling.
Melanin inhibitors work through inhibition of tyrosinase [60, 61]. Phenolic and
flavonoids which have a structure similar to tyrosine, with regards to the presence of
aromatic purine rings, and these can act as substrate analog inhibitors in melanogen-
esis [62, 63]. The compounds Brazilin and 1soflavonoiud-4-O-methylsappanol were
identified 1n a Sappanwood methanolic extract as having the ability to inhibit
melanogenesis [64] in faskulin-treated HMV-1I human melanoma cells. Resveratrol
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and oxyresveratrol are also tyrosinase inhibitors [65, 66]. Other herbal products that
have melanogenesis inhibitor activity include Morus alba leat extract [67],
Arthrophytum scoparium [18], and Trifolium nigrescens Subsp. The petrisavi [68]
and Morus alba leaf extract inhibitory effects are due to the presence of 20 phenolic
compounds (8 benzofurans, 10 flavonoids, one stilbenoid and one chalcone) [67].
Catechol and tetrahydro-isoquinoline in Arthrophytum scoparium are responsible
for the inhibition of tyrosinase and TRP-1 as well as down-regualtion of the tyrosi-
nase microphthalmia-associated transcription factor (MITF) and melanocortin 1
receptor (MCIR) genes [18]. In addition, trifolium nigrescens phenolic compounds
showed inhibitory effects on mushroom tyrosinase, and one of these containing a
glucoside residue was found to have the highest activity [68].

4 Herbal Skin Care Product with Anti-aging Properties

The increasing proportion of the aging population globally correlates with the
increasing demand of anti-aging products. The need for a beautiful, healthy and
youthful appearance has become a trend and the cosmeceutical industry has become
an ever-growing market in order to meet these demands. In line with this, new tech-
nologies and innovations have been brought into play to increase quality and effec-
tivity of these products, and to attract more customers.

Presently, there are many topical and oral skin care products that function by
improving or maintaining skin health [69-72]. Topical products are known as “cos-
meceuticals”, while oral products are known as “nutricosmeceuticals”. Both of
these are backed by scientific evidence of effectiveness and safety although these do
not follow such strict rules as those demanded in the traditional drug discovery
industry (Fig. 9.2).

Fig. 9.2 Intersept between
pharmaceuticals, cosmetics
and nutrition

MNutricosmeceuticals
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4.1 Cosmeceutical Products

Cosmeceutical 1s a portmanteau of the words cosmetic and pharmaceutical, which
means that it is a cosmetic preparation that also has a pharmaceutical function
(Fig. 9.2) [69-74]. Cosmeceuticals are intended to improve and reduce skin imper-
fections, compared to cosmetics that only hide or mask such imperfections. Similar
to cosmetic products, cosmeceutical products are applied topically and intended for
daily use. Such products are used to resolve facial aging problems, in particular
wrinkles, mottled pigmentation, roughness of skin, rhytides, erythema, skin tone
loss, dryness, sallowness, furrows, solar elastosis and black spots. The bioactive
ingredients can comprise sunscreens and antioxidants to enhance the protection
level of the skin against ROS and thus prevent photodamage and improve skin
malignancies [74-77].

There are various forms of cosmeceutical products for antiaging treatments
including lotions, creams, gels and liquids. These products usually function as
moisturizers, antioxidants, anti-wrinkle agents, whitening agents, skin supplements
(vitamins) or growth factors (Fig. 9.3). These products are often intended for daily
use and thus the efficacy and safety aspects must be guaranteed. Apart from this
requirement, there are several things about the quality that must also be fulfilled,
such as it should not be irritative, it should be suitable for various or selected skin
types [74, 76, T7].

Aged skin 1s more vulnarable to dryness. This 1s due to decreased production and
increased degradation of GAG which reduces the ability of the skin to bind water.
To improve this condition, regular use of a moisturizer could protect and strengthen
the skin. It has been shown that this hydration ability of cosmeceutical products
makes the skin softer and smoother [1, 76, 78, 79].

moisturizers

growth ‘. antioxidants

o

Cosmeceutical
product for
antiaging

&

vitamins ', anti-wrinkles

whitening
agents

Fig. 9.3 Cosmeceutical product activity
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In order to meet these consumer demands, the cosmeceutical 1s aiming for prod-
uct specifications with higher efficacy, immediate effects and guaranteed levels of
safety. Firstly, the material should have complete function in the form of natural
product extracts, active compound 1solates or synthesized or semi-synthesized com-
pounds [25, 77]. Secondly, there is the need for development of new technologies
for transdermal delivery systems so that the active ingredients can easily and quickly
traverse the skin. Finally, the development of technologies that can objectively mea-
sure the penetration and effectiveness of the material should be developed in paral-
lel as a means of quality and efficiency monitoring [74, 77, 79].

In the development of product cosmeceuticals, the mechanism of penetration
into the skin layer is the basis for developing a drug delivery system. In general, the
drug enters the target site through damaged skin However, the active ingredients
must be able to penetrate into normal skin 1n the same manner as cosmetic products.
Of the three main skin layers described earlier, the stratum corneum acts as a barrier
layer against penetration. The choice of the drug delivery system technology applied
to the material must be enable the active ingredient to traverse this barrier [11, 77].

Besides the skin penetration properties, the purpose of a drug delivery system 1is
to increase the duration of action and stability, prevent incompatibility with other
ingredients in the formulation and prevent the occurrence of undesirable effects
either locally or systemic [73, 79, 80]. Various forms of drug delivery systems that
are widely used include vesicles (liposomes, niozomes, nanosomes, phytosomes,
herbosomes, marinosom, oleosom, aquasom, ultrasom, photozom, ethosome, trans-
ferosome, sphingosome, colloidosomes), emulsions (microemulsions, nanoemul-
sions, liquid crystals) and particulates (microparticles, nanoparticles, solid lipid
nanoparticles, structured nano lipid carriers, microcapsules, nanocapsules, micro-
spheres, nanocrystalline and cyclodextrin). The development of a drug delivery sys-
tem for cosmeceutical products has been shown to increase its usefulness, but
because the product 1s used daily for a long time, attention should be paid regarding
the possibility of unwanted side effects. Therefore, product development must also
take in to account the safety aspects [79, 80].

4.2 Nutricosmeceutical Products

The desire to have a youthful appearance may be met with good nutrition in line
with the pharase, “beauty from inside”. This has led to new innovations regarded as
“nutricosmeceuticals”, which are nutritional products that have both cosmetic and
antiaging effects (Fig. 9.2) [70, 81-83]. As physical beauty 1s reflection of skin
health status, the nutricosmeceutical industry aims to develop food products that
have been proven to maintain healthy bodies and also have good effects on the skin.
Recently, a number of skin food products have been developed, containing carot-
enoids, polyphenols, vitamins, essential fatty acids and pre-and probiotic sub-
stances, which have been used previously via topical applications to improve skin
conditions (Fig. 9.4) [1, 82].
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Fig. 9.4 Ingredients in nutricosmeceutical products

Since free radical formation appears to be linked to aging, antioxidant intake
may help to restore homeostasis. Foods that are rich in antioxidants have also been
shown to have a role in maintaining health and in delaying the aging process [75, 78,
81, 82]. These were shown to have a protective effect against free radicals found
the skin, through activation of endogenous antioxidants including enzymatic
(reduced glutathione, superoxide dismutase and catalase) and non-enzymatic (vita-
min E isoform, vitamin C and ubiquinol) ones. Thus both exogenous and endoge-
nous antioxidants may have an important role in counteracting oxidative stress. In
line with this, several endogenous antioxidants are known to be stimulated by a
number of nutritional factors derived from fruits and vegetables.

Some carotenoid derivatives of vitamin A, such as f-carotene, astaxanthin, lyco-
pene and retinol, are known to be effective anti-oxidants [1, 75,78, 81, 82]. Tomatoes,
watermelons, guavas, rosehips, and pink grapefruits can reduce oxidative damage
because these all contain lycopene which acts as a singlet oxygen quencher. In addi-
tion, carrots, pumpkins, yams, mangoes and papayas, which are sources of p-carotene,
can protect the skin from erythema caused by UV induction. The structure of poly-
phenols also shows strong anti-oxidant properties. Other molecules that have the
basic structure of polyphenols include phenolic acids, flavonoids, stilbenes and lig-
nans. Polyphenol compounds are found in fruits, vegetables, cereals, chocolate, dried
beans and vegetables, as well as in drinks such as fruit juice, tea, coffee and red wine.
Food sources containing linolenic acid and hinoleic acid include fish and shellfish,
flaxseed, flax oil, soybean oil, canola oil, chia seeds, pumpkin seeds, sunflower seeds,
lealy vegetables, walnuts, sesame seeds, avocado seeds, avocados, salmon and alba-
core tuna. These foods can act as anti-inflammatory agents and thereby provide sig-
nificant protection against UV radiation-induced erythema, for example. Probiotics
and prebiotics can be consumed in various forms of food and beverage products, and
studies have shown that these products can accelerate the recovery of human skin
immune homeostasis after UV-induced immunosuppression.
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The association between nutrition and skin conditions has led to the use of nutri-
cosmeceutical products to maintain and regain body homeostasis through nutrients
that enter the body, so that these can improve skin health and beauty. A complete
and balanced nutrition can also positively affect the condition and appearance of the
skin. Therefore, nutritional supplements in the form of nutricosmeceutical products
can be used to help optimize diets and improve quality of life.

5 Conclusions

Chronological aging naturally affects and causes changes in the body, especially in
the appearance and characteristics of the skin. Exposure to external factors will
worsen this change. Considerable efforts have been made to improve, maintain and
delay the effects of aging due to both intrinsic and external factors through invasive
and non-invasive methods. In line with this, antiaging products have developed rap-
idly. The consumers demand products that can show the effects of rapid change, but
they also realize that the results will not be as fast as surgery. Nevertheless, they
prefer antiaging products that can “improve”, “maintain™ and “delay” the effects of
aging on their appearance. Products that can meet these demands are nutricosme-
ceuticals and cosmeceuticals, which offer a complementary means of acquiring skin
health from inside and outside.
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