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Peptidesin cosmeceuticals

Skin aging is part of human global aging which becomes evident along the years following different ways in organs, tissues
and cells. Aging of the internal organs is masked whilst the skin is the first organ displaying visible signs of passing time.
As life expectancy is growing everywhere at a fast pace, many people are on a quest for the fountain of youth, and age usually
factors into the perception of beauty.

Peptides feature molecules constituted by chains of two or more amino acids connected by peptide bonds. There are a lot of
physiological peptides present in the organism, most of them having a signalling function. Due to the potent activity of these
physiological peptides, it was tempting using their model and mimic them in order to get focused therapeutic activities. This
trend was initiated in the beginning of twenty-first century, and many peptides were synthesized and are used as active
ingredients in cosmeceuticals. Most of these peptides are oriented towards the treatment of skin aging, mainly for the attenuation
of fine lines and wrinkles. Others are positioned in the management of hyperpigmentation or may also be antimicrobial peptides.
Finally, peptides also exist which can improve hair growth. Formulation of peptides in cosmeceuticals is relatively easy, however
attention must be paid to their transcutaneous penetration. For small-sized peptides there is usually no problem, whilst for
bigger-sized peptides various artefacts like encapsulation or branching with fatty acids must be used. Another concern about
peptides is their eventual toxicity, and there is currently insufficient responses from the industry about this matter.

The majority of research studies are focused on the development of anti-aging actives, and there is still room for research
to be carried out to evaluate other functions of these actives and create new actives for other indications. Understanding
of cellular mechanisms, gene regulation, receptor activity and metabolic interactions increases constantly and many more

peptides will probably appear and have applications in cosmeceuticals.
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1. Introduction

Skin aging is part of human global aging which
becomes evident along the years following different
ways in organs, tissues and cells. Aging of the
internal organs is masked whilst the skin is the first
organ displaying visible signs of passing time. As life
expectancy is growing everywhere at a fast pace,
many people are on a quest for the fountain of
youth, and age usually factors into the perception
of beauty. Recent movements to dispel the myth
that only the young can be beautiful may be gaining
traction, but this tendency is slow and the myth
well installed. This is the reason for the boom of
aesthetic medicine occurring for various years,
which is bringing a new category of patients to the
dermatologist office.

Facing requests and questions from the patient,
the dermatologist must be ready to bring conve-
nient responses, especially regarding the use of
peptides in cosmeceuticals. The goal of this paper is
reviewing in a detailed manner this topic.

2. What are peptides?

Peptides are organic compounds made of chains of
amino acids connected by peptide bonds, which
differ from proteins in that their molecules are
markedly smaller. They consist of two or more
amino acids and are classified by the number of
amino acids found in the molecule. For example, a
monopeptide has one amino acid, a dipeptide has
two amino acids, a tripeptide has three amino acids,
a tetrapeptide has four amino acids, a pentapeptide
has five amino acids, a hexapeptide has six amino
acids, and so on.

Oligopeptides are short-chain peptides with a
sequence ranging from 10 to 15 amino acids, whilst
when the number of amino acids is higher than 100
the resulting compound is usually considered as a
protein. Peptides exist naturally in all living beings
and usually exert highly specific biological activity,
based and dependent on the exact sequence (com-
position and line-up of the amino acids in the
chain). Besides these physiological peptides, biomi-
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metic peptides are compounds which have an iden-
tical amino acid sequence to physiological peptides
but are synthetized biotechnologically. Bioactive or
topical peptides are also synthetic compounds, but
they consist of modified amino acid chains, which
improve an already existing physiological function.

3. Peptides in the human skin

In the human organism there are multiple peptides
involved in the physiological and organic processes.
A typical example of a small peptide would be
Glutathione, a tripeptide of y-L-Glutamyl-L-cys-
teinyl-glycine sequence, well known for its anti-
oxidant and other regulatory activities. Insulin,
with 51 amino acids and totally different bioac-
tivities is found at the high molecular weight end of
peptides. They can play several biological roles,
especially as signalling/regulating molecules in a
variety of physiological processes, including de-
fence, immunity, stress, growth, homeostasis, and
reproduction.

Some of them are naturally involved in skin
biology and homeostasis. Substance P can be
found in the epidermis, a dipeptide with 11 amino
acids that acts as a potent vasodilator contributing
to the balance between cell differentiation and cell
renewal [1]. The calcitonin gene related peptide
(CGRP) possesses 37 amino acids and features the
most abundant neuropeptide in the skin. CGRP is
found in the nerve fibres of the dermis, epidermis
and sudoriferous glands, in Meissner corpuscles,
perivascular nerves, and Merkel cells. It provokes
arteriolar vasodilation but does not stimulate pru-
ritus or pain responses in human skin [1]. As a
proinflammatory, it promotes the development of
oedema induced by IL-1 and IL-8 and increases the
expression and synthesis of IL-8 in endothelial
cells [2]. Furthermore, it has already been described
that CGRP inhibits the activity of natural-killer
cells 70 and the proliferation of T cells and reduces
their production of IL-2 and the expression of TNF-
alpha, TNF-beta and IFN-gamma [3, 4]. CGRP is
also capable of blocking the actions of histamine,
leukotriene B4 and serotonin that promote oedema
in human skin [5]. Peptides somatostatin (SOM)
and neuropeptide Y found in the skin (NPY —
family of endocrine neurotransmitter peptides)
play a role on the vascular tonus of the skin by
causing vasodilation (by promoting the release of
histamine) and vasoconstriction, respectively [1].
The vasoactive intestinal peptide (VIP) is one of
the most abundant peptides in the skin. VIP is
released in the nerve fibres of the dermis and epi-
dermis, hair follicles, sudoriferous glands, Merkel
cells and in perivascular nerves [6]. VIP induces
the formation of papules through the releasing of

mast cells histamine and vasodilatation by relax-
ation of the smooth musculature of blood vessels
and is also capable of stimulating the migration and
proliferation of keratinocytes [7]. Pituitary ade-
nylate cyclase-activating polypeptide (PACAP)
is released in the skin by cutaneous C fibres [8].
PACAP generates a similar progressive erythema
to that produced by CGRP and provokes the
releasing of histamine mast cells, both in labora-
tory animals and in humans, with an intensity
similar to that of VIP [8].

4. Skin aging
Because peptides are mostly used in cosmeceuticals
for the purpose of preventing and correcting the
symptoms of skin aging, it is compulsory reminding
the most relevant characteristics of the latter. With
age, the skin undergoes changes that affect the
integrity of its support structure and the ability of its
cells to communicate, transfer nutrients, regenerate,
and repair [9]. These changes include progressive
thinning of the epidermis, a more compact stratum
corneum, and reduced granular layer thickness [10].
The dermoepidermal junction flattens, due to
the retraction of the epidermal papillae as well as
microprojections of basal cells into the dermis [11].
The production of collagen gradually diminishes
[12]. As a result of these changes, the skin becomes
thinner, lax, and less elastic, which leads to the
development of bags, lines, wrinkles, and hyperpig-
mentation. Facial wrinkles are typically the first
visible signs of aging, although factors other than
senescence contribute to their appearance, inclu-
ding sun damage and muscle movement. It is com-
monly admitted that 30 % of the visible effects of
skin aging are due to intrinsic aging (of genetic
origin) and 70% are caused by extrinsic aging
(related with lifestyle and external factors such as
UV-exposure, smoking, or air-pollution). For this
reason, and as the aging population is growing and
set to rise in the coming decades, the demand for
products proven to attenuate and prevent these and
other visible manifestations of aging is steadily
climbing [9]. Such increased demand and market
growth have driven manufacturers in the skin care
industry to develop new advanced formulations and
ingredients, within a group of topical products col-
lectively known as cosmeceuticals [9]. The term
«cosmeceutical», forged by the association of the
words cosmetics and pharmaceuticals, defines any
bioactive agent that exerts both cosmetic and phar-
maceutical therapeutic effects on the skin [13].

5. Peptides in cosmeceuticals

There are many benefits of using peptides in cos-
metic formulations. The main reason is probably the
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high specific activity of each peptide. Some peptides
are responsible for increased cell turnover, other
peptides are responsible for anti-irritancy, skin
repair and hair growth, among other activity. The
second reason is the high biological activity that
peptides possess. Some peptide can provide very
high functionality and activity even when used at
very low concentrations. This allows for lower use
levels which contributes to reduced product cost
coming from the active ingredients used in them.
This can keep cosmetic products competitively
priced. Further, peptides are easy to formulate.
Some of them have water solubility, oil solubility
and can be used in water-in-oil or oil-in-water
systems. Peptides usually have stability in a wide
range of pH as well as some with good light and
heat stability. The peptides used in cosmeceuticals
are pure, synthetic and analytically defined sub-
stances; they might be called «designer peptides»
and are a much more recent addition to the plethora
of cosmetically active ingredients. There is a great
versatility of peptides (for instance, there are 20° >
3 million possible pentapeptide sequences based on
the 20 standard amino acids).

Peptides commonly used in cosmeceuticals

A. Wound healing signalling peptides for treat-
ment of the aging face
The basement membrane that separates the
epidermis and the dermis is rich in extracellular
matrix (ECM) proteins including collagens,
epilugrin, laminin, fibronectin, elastin, and he-
parin sulphate proteoglycans [14]. The ECM has
a function of mediator of receptor-induced inte-
ractions between cells, guiding their growth and
differentiation. Protein synthesis and cell diffe-
rentiation are common mechanisms of repair of
damages to ECM. Most of these functions are
related to signalling by peptides released from
the ECM to cells through cell membrane re-
ceptors [15]. Hence, peptides modelled on repair
signalling sequences will be capable of enhancing
skin rejuvenation.
Palmitoyl pentapeptide-3, derived from pro-
collagen, stimulates production of collagens
I and 11T in addition to fibronectin [16]. It was
later renamed palmitoyl pentapeptide-4 to ref-
lect a correction in the data on its molecular
structure and is currently the active ingredient
in the cosmetic agent Matrixyl. Palmitoyl oligo-
peptide is an elastin sequence and stimulates
the growth of fibroblasts and accelerates an-
giogenesis [17]. An anti-ageing bioactive tetra-
peptide Gly-Glu-Lys-Gly (GEKG) was deve-
loped, that has demonstrated in vitro and in
vivo capability of inducing collagen production

at the transcriptional and translational levels.
The topical application of GEKG demonstrated
an increase in skin elasticity and a reduction in
wrinkle number and depth [18]. The penta-
peptide Lys-Thr-Thr-Lys-Ser (KTTKS) is a
fragment derived from type I procollagen [19]
and represents the minimum sequence necessary
for potent stimulation of ECM biosynthesis. In
an in vitro model using human fibroblasts,
KTTKS was found to significantly augment the
ECM through increased synthesis of collagen
types I and III and fibronectin. Further, Lintner
et al. conjugated KTTKS to palmitate, to create
palmitoyl pentapeptide (pal-KTTKS). This
resulted in more effective delivery across skin
relative to pentapeptide alone. In a 12-week
double-blinded, placebo-controlled clinical
study involving 93 women, pal-KTTKS permit-
ted a significant reduction in wrinkles and fine
lines as assessed by quantitative image analysis
[20]. In this study, pal-KTTKS did not alter the
rate of transepidermal water loss, contrarily to
retinol. More recently, researchers have demon-
strated that pal-KTTKS conjugated with ascor-
bic acid exhibits increased collagen biosynthesis
compared to either compound alone [21].
Another peptide shown to improve skin elastic-
ity through increasing collagen synthesis is the
hexapeptide Phe-Val-Ala-Pro-Phe-Pro, also
known as peptamide-6. Its mechanism of action
involves upregulation of growth factors, matrix
and heat shock proteins for an overall firming
effect [22]. Palmitoyl tripeptide-38 and palmi-
toyl tripeptide-5 have been shown to be highly
effective at stimulating the production of col-
lagen and hyaluronic acid and promoting der-
mal thickening [23]. Palmitoyl tripeptide-38
(Matrixyl synthe’6) is a matrikine-mimetic
compound with significant ECM building and
strengthening properties, that regulates cell
activity, wound repair, and collagen tissue
remodelling [23]. Palmitoyl tripeptide-5 mimics
the action of thrombospondin 1 (TSP-1), a mul-
tifunctional adhesive glycoprotein of the ECM
[12] that stimulates the production of type
I and II collagens, and fibronectin via the acti-
vation of tissue growth factor B (TGF-B) [24].
Palmitoyl hexapeptide-14, designed using an
innate immunity peptide template has been
shown to stimulate cell migration, collagen syn-
thesis, and fibroblast proliferation and scaf-

folding [15].

. Other signalling peptides

Oligopeptide-68 (sequence Arg-Asp-Gly-Gln-
Ile-Leu-Ser-Thr-Trp-Tyr) is a whitening agent
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used in cosmetics and on skins affected by
melasma. It inhibits the actions of microphthal-
mia-associated transcription factor (MITF), a
regulator of melanocyte differentiation, by re-
ducing its tyrosinase activity and <«slowing
down» key enzymes of the pigmentation process
[25]. In a study on 40 volunteers, three formu-
lations (hydroquinone 2 and 4%, and oligo-
peptide-68) were considered, and after 12 weeks
the subjects were assessed and the clarifying
effects were considered significant, moderate, or
slight for 2.6, 76.3 and 21.1% of the subjects
treated with the formulation containing the
oligopeptide, respectively, and these values are
higher than those observed in subjects treated
with creams containing HQ at concentrations of
2 and 4% [26]. Tripeptide-41 (Lipoxyn®)
activates NF-kB, a nuclear transcription factor
which promotes the synthesis of tumour necro-
sis factor-a (TNF-a), a cytokine capable of
triggering lipolysis. It also reduces the expres-
sion of C/EBP, a transcription factor essential
for adipocyte differentiation and increases the
concentration of cAMP, an important intracel-
lular signalling factor that causes lipolysis by
promoting the hydrolysis of lipids into trigly-
cerides [27]. Tt gives significant results in the
treatment of cellulite.

. Carrier peptides

Carrier peptides play a key role in delivering
essential metals to the skin, particularly copper,
an important cofactor in the biosynthesis of col-
lagen and elastin via activation of lysyl oxidase,
downregulation of matrix metalloproteinases
(MMPs) and anti-collagenase activity [28]. The
tripeptide glycyl-L-histidyl-L-lysine (Copper
peptide GHK-Cu) spontaneously binds copper
to form a copper-tripeptide complex, which facil-
itates the uptake of the metal at the cellular level.
This, in turn, has been shown to stimulate colla-
gen synthesis, resulting in reduced wrinkles,
increased skin firmness, and improved texture
[28]. Tt also increases levels of MMP-2 and
MMP-2 messenger RNA, as well as the secretion
of the metalloproteinase inhibitors TIMP-1 and
TIMP-2, which suggests a role in collagen remod-
elling. Another carrier peptide with MMP syn-
thesis suppressing activity used in skin care for-
mulations is dipalmitoyl hydroxyproline | 29].

. Peptides as an alternative to Botulinum
neurotoxin

Botulinum neurotoxins cause muscle paralysis
by blocking acetylcholine release at nerve—
muscle junctions through a very specific and

exclusive endopeptidase activity in the presyn-
aptic exocytosis machinery [15]. Synthetic pep-
tides that emulate the amino acid sequence of
the synaptic protein SNAP-25 were shown to be
specific inhibitors of neurosecretion at micromo-
lar concentrations. Acetyl hexapeptide-3, a
six-amino-acid peptide derived from SNAP-25
has been shown to produce the desired interfer-
ence with the neurosecretion [30]. A clinical
study reported that acetyl hexapeptide-3 at a
10% concentration reduces the depth of wrin-
kles up to 30 % after 30 days of use [31]. Many
venomous organisms produce toxins that dis-
rupt neuromuscular communication in order to
paralyze their prey. Based upon the observation
that Wagler’s pit viper, Tropidolaemus wagleri,
possess a venom, Walerin-1, featuring a 22-ami-
no-acid peptide that causes paralysis by com-
petitively antagonizing muscle acetylcholine
receptors [32], a tripeptide that mimics the
effect of Waglerin-1, Dipeptide Diaminobutyroyl
Benzylamide Diacetate, was synthesized for
reducing wrinkles by inhibiting muscle contrac-
tions. Pentapeptide-3, an oligopeptide market-
ed as Vialox®, has been developed to reduce
wrinkles and lines. It exhibits curare-like activ-
ity, as it is a competitive antagonist at the acetyl-
choline postsynaptic membrane receptor. Conse-
quently, this prevents sodium ion channels from
opening, thereby inhibiting depolarization and
muscle contraction [33]. In vivo studies have
showed it leads to a 49 % decrease in wrinkle size
and 47 % decrease in skin roughness after 28 days
of application [34]. Pentapeptide-18 is a modi-
fied enkaphalin that couples to the enkaphalin
receptor outside of nerve cells. Enkephalins are
endogenous opioids that inhibit neuronal activ-
ity by binding G-protein coupled inhibitory
receptors [33]. This initiates a cascade inside the
neuron, resulting in decreased excitability and
reduced acetylcholine release, thereby diminish-
ing muscle contraction. In vitro studies showed
reduced neurotoransmitter release [35]. In vivo
studies revealed decreased wrinkle depth [35].

. Peptides of the innate immune system

for treatment of acne and dermatoses

Peptides can also play a significant role in pro-
tection against pathogens and toxins by modula-
tion of inflammation, binding of toxins, and
neutralization of bacteria and fungi. Immunity
peptides such as defensins and LL-37 are well
known for binding and neutralizing bacterial
debris, resulting in down-regulation of pro-
inflammatory cytokines [36]. A synthetic pep-
tide, oligopeptide-10, has been developed for
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inclusion in topical anti-acne treatments. Oligo-
peptide-10 has also shown potential in mitiga-
ting symptoms associated with yeast and fungi
colonization, including dandruff and seborrheic
dermatitis and tinea pedis [37].

F. Peptides for the hair

Peptides such as Muyristoyl Tetrapeptide-12,
Myristoyl Hexapeptide-16 and Myristoyl Pen-
tapeptide-17 are capable of stimulating hair
growth, especially at the level of eyelashes. The
latter two are stimulating in a significant manner
the keratin gens. It was demonstrated on human
keratinocytes that Myristoyl tetrapeptide-12 di-
rectly activates SMAD 2 and induces the linking of
SMAD3 with DNA [38]. SMAD2 and SMAD3 act
as activators of stem cells of the hair follicle in order
they turn from the telogen to anagen phase [39].

6. Limits of the activity of peptides
in cosmeceuticals

As far as the peptides under consideration are small
molecule-sized, their penetration through the stra-
tum corneum makes no problem. In table, we are
reporting the molecular size of some peptides men-
tioned in this paper, and we can observe that they
have molecular weights similar to molecules clas-
sically used in dermatology such as neomycin,
tacrolimus or pimecrolinus, and nobody doubts
about the capacity of these molecules to penetrate
through the stratum corneum.

When the molecular size of the peptides used is
higher, their transdermal delivery may be a concern.
Topical and transdermal routes of delivery present
an overlying challenge with designing any thera-
peutic peptide as it is difficult to counter the dif-
fusional resistance of the stratum corneum. For this
reason peptides are often covalently linked to lipo-
philic molecules such as N-isobutyloxycarbonyl and
N-octyloxycarbonyl, or branched with fatty acids
such as palmitoleic or myristoleic acids to prevent
enzymatic degradation and increase concentration
at active sites [40].

Other modifications that improve transdermal
delivery include formulations with chemical sol-
vents, such as alcohols, pyrrolidones, DMSO and
1-dodecylazacycloheptan-2-one (Azone), urea, su-
gar esters and surfactants [33]. Alternatively, lipo-
somal systems may potentially be a solution to the
challenge of peptide delivery as they not only
protect encapsulated molecules from degradation,
but also facilitate transport of various types of
biological materials to many different cell types
[33]. In addition to structural and chemical modi-
fications that enhance permeability, technological
interventions utilizing active transport mecha-

Table. Study of the molecular size of peptides, g/mol

. Molecular ~ Comparison
Peptides size with other drugs
Palmitoyl Tripeptide-5 611.9 Neogli};fine:
Dipeptide Diaminobutyroyl 1119.3 Cyclosporine:
Benzylamide Diacetate ’ 1202
Palmitoyl Dipeptide-5 P
Diaminobutyroyl 780.2 Tac%)0h4mus.
Hydroxythreonine
Palmitoyl Dipeptide-5 6793 Pimecrolimus:

Diaminohydroxybutyrate

nisms, such as iontophoresis, electroporation,
sonophoresis, microdermabrasion and fractional
photothermolysis have also demonstrated success
in transdermal peptide delivery [40]. However, a
number of key factors need to be considered to
ensure maximum efficacy and safety. Using the cor-
rect amounts of peptide is one such factor. Usually
their concentration in cosmeceuticals is ranging
between 1.000 and 3.000 ppm.

Practicing dermatologists should proactively
seek this information from manufacturers or refer
to the product monograph of the specific peptide
they are interested in using [23].

7. Toxicology of peptides

Toxicity of peptides used in cosmeceuticals is a
major concern. These products are highly active,
even at very low concentration, and there is an
infinity of peptides which makes impossible to
perform a complete toxicological evaluation on
each one as this would be the case for pharmaceutical
active ingredients. Of course, each manufacturer is
performing skin irritation test, ocular irritation test
and patch test as a minimum.

As regards systemic toxicity of peptides there is
a paucity of data. An interesting initiative is the In
Silico approach for predicting the toxicity of pep-
tides [41]. Toxic and non-toxic peptides having 35
or fewer residues were observed from various data-
bases. It was observed that certain residues like
Cys, His, Asn, and Pro were abundant as well as
preferred at various positions in toxic peptides.
Models based on machine learning technique and
quantitative matrix using various properties of pep-
tides were developed for predicting toxicity of
peptides. The performance of dipeptide-based mo-
del in terms of accuracy was 94.50 %. In addition,
various motifs were extracted from the toxic pep-
tides and this information was combined with
dipeptide-based model for developing a hybrid
model. In order to evaluate the over-optimization
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of the best model based on dipeptide composition,
its performance was evaluated on independent
datasets and achieved accuracy around 90 %. Based
on this study, a webserver, ToxinPred has been
developed, which would be helpful in predicting (i)
toxicity or non-toxicity of peptides, (ii) minimum
mutations in peptides for increasing or decreasing
their toxicity, and (iii) toxic regions in proteins.

8. Conclusions

Cosmeceutical bioactive peptides have become
increasingly popular in dermatology in recent years
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K. AA

Yuieepcumem Iynvenomo Maproni, Pum, Imanis

[lenTnam B KOCMeLEBTUL

CrapiHis HKIpH € YacTHHOIO TJI0OATBHOTO CTAPIHHS JIOAUHH, SIKe BUSBJSETHCS MOCTYIIOBO POTATOM KiJBKOX POKIB, 3
piBHMMH 3MiHAMW B OpraHax, TKaHWHaX i kiuiTnHaxX. CTapiHHS BHYTPINTHIX OpPTaHiB MPaKTUYHO He TIOMITHO, BOJIHOUYAC K
MIKipa € MEPIIMM OPraHOM, Ha SIKOMY TTO3HAYAEThCS Yac. 3i 301JIbIHIEHHSIM TPUBATIOCTI JKUTTS JIIOAN MIYKAOTDH JIFKEPEIO
MOJIOZIOCTI, OCKIJIbKU BIK, SIK IIPAaBUJIO, BIJINBAE HA CIIPUNHATTS KpacHu.

[Tenrruam MiCTSITh MOJIEKYJIM, 1O CKJIANAIOTLCS 3 JAHIOTIB i3 1BOX ab0 Giibliie aMiHOKUCIIOT, OB’ I3aHUX TIETITHAHUMK
3B’3kamu. B opranismi € Garato ¢isiosoriyHux menTuais, GibIICTh 3 SKUX MAIOTh CUTHAIbHY QYHKIIO. Yepes cuibHy
AKTHBHICTH 1MX (Di3i0JM0TIYHKUX NenTHIIB OYJI0 3aMaHINBO BUKOPUCTOBYBATH IXHIO MOZIE/Ib Ta iIMITYBaTH iX, 100 OTpUMATH
[JIECIPSIMOBAHY TepaneBTUYHY akTUBHICTD. [0 TeraeHtio 3anouarkoBano B XXI crosiTri, Kosu Gararo nentuais 0yJio
CHHTE30BaHO 1 iX BUKOPUCTOBYBAJIM B KOCMELEBTHUIL K aKTUBHI iHTpe/lieHTH. BilbuIicTh 13 1UX nenTuiiB OpieHTOBaHI Ha
60poThOY 3i CTAPIHHSIM IIKIPH, B OCHOBHOMY JIJIsl 3MEHIIIEHHSI 3MOPIIOK. [HIIIi BUKOPUCTOBYIOTD /Jist G0POTHOM 3 Tilepirir-
MeHTali€Io abo K aHTUMIKpOOHi mertuan. Hapemrri, icHyI0Th TaKOK IIEIITH/IM, KOTPI MOKYTb HOJIIIIUTH PiCT BOJTOCCSL.
Bupo6uty nenTunn B KOCMENEeBTULII BiITHOCHO JIETKO, TIPOTE CJIiJl 3BEPHYTH yBary Ha IXHE MIPOHUKHEHHS KPisb mKipy. s
NENTUIIB MaJInX PO3MIpiB 3a3BMUail HeMae 1PO0JIeM, BOAHOUAC SIK JIJIS TIENITH/IIB GiIbIIOro po3aMipy MoTpibHO BUKOPUCTO-
ByBaTH Pi3Hi apredakTu, Taki SK iHKAICYJIAII0 a00 PO3TaNyKEHHS 3 JKUPHUMU KucaoTaMu. [Hia pobieMa 1oB’si3aHa 3
IXHBOIO MOKJINBOIO TOKCUYHICTIO, 1 HA COTO/IHI B IPOMUCJIOBOCTI HEJIOCTATHBO BI/IIIOBI/IEll HA 11e 3alIUTaHHS.

BisbricTs g0CTiAzKeHb IPUCBAYEHO PO3POOII AKTUBHUX PEYOBUH, 110 3a1100iraloTh CTapiHHIO, 1 BCe 1ie € MicIle /IS OLIHKN
IHIX (DYHKITH X aKTUBHUX PEYOBWH i CTBOPEHHST HOBUX aKTUBHMX PEUYOBUH /IJIST IHIITNX TIOKa3aHb. PO3yMiHHS KJIITHH-
HUX MEXaHi3MiB, PeryJsiilii reHiB, PelenTopHOi aKTUBHOCTI i MeTabOMuHKX B3a€MO/Iiil MOCTIiiHO 3pocrae i, UMOBIPHO,
3’IBUTHCsE GAraTo IHIIUX MENTU/IIB, SIKI MOKYTb 3HAUTU 3aCTOCYBAHHSI B KOCMEIIEBTHIL.

KrouoBi ciioBa: rentujin, KOCMeIeBTHKA, CTapiHHST IKipU, 3MOPIIKH, TillepIliTMeHTallist, BOJIOCCS, PEIENTYpa, TOKCUYHICTb.

K. AVA

Ynusepcumem Iynvenvmo Mapxonu, Pum, Umanus

[lenTnAbl B KOCMELIEBTUKE

CrapeHie KOKHU SIBJISIETCST YACTBIO TII00ATbHOTO CTAPEHUSI YeJIOBEKa, KOTOPOE TIPOSIBIISIETCST OCTENEHHO HA MPOTSIKEHIN
HECKOJIDKUX JIET, C Pa3IMYHBIMU N3MEHEHUAMM B OpraHax, TKaHAX U kieTkax. Crapenne BHyTPEHHUX OPraHoB IIPAKTHYEC-
KH He 3aMeTHO, B TO BPeMsI KaK KOXKa SIBJISIETCS IIEPBBIM OPraHOM, Ha KOTOPOM IIPOSIBIISIETCST OTIeYaToK BpeMeHH. C pocToM
IIPOJIOJIKUTEIBHOCTH SKU3HU JIIO/IN UITYT HCTOYHUK MOJIOZOCTH, IIOCKOJIbKY BO3PACT, KaK IIPABUJIO, BT Ha BOCIIPHATHE
KPacoThl.

[TenTuzpr comepsKaT MOJIEKYJIbI, COCTOSIIINE U3 IeTell U3 ABYX Wi 60Jiee aMUHOKUCIIOT, CBSI3AHHBIX TEITH/HBIMHU CBSI3SIMU.
B opranusme pucyTCTBYET MHOTO (PU3HOJIOrMYECKUX IIEITH/IOB, OOJIBIIMHCTBO U3 KOTOPBIX MMEIOT CUTHAJIBHYIO (DYHKIIHIO.
V3-3a CUIIbHOIT aKTUBHOCTHU 9TUX (DUBHOJOTUYECKUX TIENTUAOB ObLIIO 3aMaHUYUBO UCIIOJIb30BATh UX MOJIE]Ib U IMUTUPOBAThH
UX, YTOOBI MOJIYYUTh LEJCHANPABIECHHYIO TEPAEBTHYECKYIO aKTUBHOCTD, DTa TeHJEHIMs osiBuach B Hayaine XXI Beka,
KOT/Ia MHOTHUE TIENTU/bI ObLIN CHHTE3UPOBAHBI U UCIOJIBb3YIOTCS B KOCMEIEBTHKE B KAUeCTBE aKTUBHBIX MHIPEINEHTOB.
BosIbIIMHCTBO U3 3THUX MENTHIOB OPHEHTUPOBAHbI Ha GOPBOY CO CTAPEHUEM KO, B OCHOBHOM [IJIsI YMEHbIIEHUS] MOPIIIH.
JIpyrue MCcrob3yiorest st 60pbObl ¢ TUTIEPIIUTMEHTAIMENH WM KaK aHTUMUKPOOHBIE menTujibl. HakoHell, cynecTByioT
Takyke MeTH/IbI, KOTOPBIe MOTYT YJIY4IIUTh PocT Bosoc. [IponsBoanTs memTnapl B KOCMEIeBTHKE OTHOCUTEIBHO JIETKO,
OJIHAKO cJjie/lyeT 0OpaTuTh BHUMAHNE HA UX YPECKOKHOE MPOHUKHOBeHWE. [[JIst TIenTHIOB MaIoTo pazmMepa 00bIYHO HET
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HpO6JIeM, B TO BpeMs KaK /I IENTU/10B 60oJIbIIer0 pasMepa A0JIZKHBI UCITOJIb30BATHCA PA3JIMYHbIE apTe(l)aKTbI, TaKue Kak
MHKAIICYJIANNS NJIN Pa3BETBJACHUE C JKUPDHBIMU KUCJIOTaMU. ﬂpyraﬂ HpO6JIeMa CBsI3aHa C X BO3MOKHOM TOKCUYHOCTbBIO, N
B HACTOAIIEE BpeMA B ITPOMBINIJICHHOCTHU HEIOCTATOYHO OTBETOB Ha 9TOT BOIIPOC.

BosbIIMHCTBO MCCAe0BaHNUI TIOCBATIEHO Pa3pabOTKe aKTUBHBIX BEIIECTB, IPEAOTBPAIIAIONINX CTapEHIe, U BCE elle eCTh
MECTO JIJIST OIIEHKY APYTUX (DYHKITUN 9TUX aKTUBHBIX BEIECTB U CO3/[AHMS HOBBIX aKTWBHBIX BEIECTB /I APYTUX MTOKa3a-
nuii. [ToHnMaHue KJIETOYHBIX MEXaHU3MOB, PETYJISIIINN TeHOB, PEIEITOPHON aKTUBHOCTH W METabOTMIECKUX B3aUMO/IEH-
CTBUI TIOCTOSTHHO BO3PACTaeT M, BEPOSITHO, MOSIBUTCS MHOTO JIPYTHX TIETITHOB, KOTOPble MOTYT HAWTH TpUMEHEeHWe B
KOCMEIIeBTHUKE.

KmoueBbie cioBa: TEeNnTuabl, KOCMEIEBTUKA, CTapeHN e KOKU, MOPIIUHDBI, TUIIEPITUTMEHTAaIlA, BOJIOCHI, PEHEITYypPa, TOKCHUY-
HOCTbD.
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