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The aim of the work was to analyze and summarize information on the functional activity of known
retinoids, as well as to determine the directions of their modification and prospects for the use of their

synthetic analogues in dermatology.

The literature on retinoids metabolism stages in the human body, the mechanisms of their action and
the properties that determine their use in various medical fields was considered and analyzed. Information
on dermatological diseases treatment with natural retinoids and their synthetic analogues was

summarized.

The modern classification of retinoids based on the peculiarities of their chemical structure and
functional activity is given, the relationship between these characteristics and the direction of use of

such drugs in dermatology and cosmetology is shown.

Prospects for the practical application of synthetic retinoids represented mainly by polyaromatic
compounds are due to their higher stability and efficiency, as well as reduced irritant effect due to

selectivity for nuclear receptors.

Key words: retinoids, synthetic analogues of retinoids, mechanisms of biological activity, nuclear

receptors of retinoids, dermatology.

Retinoids, compounds of vitamin A
group that trigger a number of important
biochemical processes in cells due to their
unique ability to penetrate the cell nucleus
and control DNA transcription, play a leading
role in the topical or systemic treatment of
skin diseases [1]. Vitamin A (retinol) ensures
the normal existence of skin epithelial cells,
mucous membranes of the eyes, respiratory,
urinary and digestive tracts; participates in
redox processes, protein synthesis regulation,
promotes normal metabolism, cell and
subcellular membranes function, plays an
important role in bones and teeth as well as
adipose tissue formation; it is necessary for the
growth of new cells and slows down the aging
process [2—4].
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Areas of retinol use in dermatology are
diverse due to its biological activity. Due to its
elastostimulating and elastoprotective action,
it is successfully used in anti-aging drugs.
Angiogenesis and melanogenesis inhibition
and Langerhans cell population recovery allow
its successful use in photoaging, couperosis,
hypermelanosis. Retinol also promotes
keratolytic processes, activates the synthesis
of epidermal lipids and restores the epidermal
barrier. The sebostatic, regenerating and
antibacterial retinol action allows its use for
acne treatment[1, 5, 6].

However, the use of retinol itself, even in
therapeutic doses, is often accompanied by skin
irritation and dermatitis, which does not allow
properly detecting the therapeutic effect. After
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the development of new synthetic or modified
retinoids with altered chemical structure,
this retinol defect was mainly overcome and
retinoids became widely used in dermatology
because of their ability to influence epithelial
differentiation and skin tumors inhibition.
Therefore, given the relevance of new synthetic
analogues of retinol creation with improved
pharmacological characteristics, the purpose
of this review was to analyze and summarize
the functional activity of known retinoids, as
well as to identify promising areas for their
modification and use in dermatology.

Retinoids metabolism
in human organism and cells

The functional activity of retinol is
associated with its metabolism in the human
body: entering the body, including in the form
of B-carotene or retinol ethers, it is used in
the form of retinol, retinal and retinoic acid.
Retinol and B-carotene in the intestine are
converted to trans-retinol and stored for some
time in the liver, where they are transformed
into retinol ethers. Retinol is excreted from
the liver and transported by retinol-binding
protein to blood plasma [5, 6].

There are B-ion ring, isoprenoid side chain
and terminal functional group in the structure
of retinol. The B-ion ring is responsible for the
specific interaction with the transport retinol-
binding protein, and the polar end group is
able to be converted to ether (forming retinol
palmitate) or oxidized to aldehyde (retinal) and
then to the carboxyl group (with the formation
of retinoic acid).

Biological activity of most retinol
metabolites is not detected. They are probably
eliminated quickly, however, some compounds,
such as retinoyl glucuronide, may retain 30 to
100% of trans-retinoic acid biological activity.
Thus, retinol, retinal and retinoic acid are not
the only possible biologically active forms of
vitamin A.

When administered in physiological
doses, up to 80% of vitamin A after absorp-
tion in the intestine or epithelium enters the
liver and accumulates in hepatocytes, star-
shaped and Kupffer cells in combination
with lipoprotein. Retinol enters the blood in
combination with retinol-binding protein,
which protects the vitamin from renal
filtration, and cells from its active action.
The entry of retinol into the blood depends on
the rate of retinol-binding protein synthesis
and is controlled by adrenal hormones,
estrogen and growth hormone [7].

In human skin, trans-retinol is metabolized
to at least four important products: retinol
ethers, 14-hydroxy-4,14-retro-retinol, trans-
3,4-didehydroretinol and trans-retinoic
acid (TRA). Among these metabolites, the
concentration of retinol ether is the highest.
Retinol ethers function as a form of retinol
storage, and their hydrolysis yields free
retinol. Topical treatment of the skin with
trans-retinol or trans-retinolaldehyde has the
best result: the content of retinol ethers in the
cells increases more than 10 times [8].

Physiological functions of the skin
are determined also by lecithin-sretinol
acyltransferase (LRAT), which catalyzes the
synthesis of retinol ethers [8, 9]. Induction
of LRAT increases retinoids activity and
retinol ether formation and reduces TRA
biosynthesis [10]. Under these conditions,
inhibition of LRAT restores TRA synthesis
by phenylmethylsulfonyl fluoride. Thus, TRA
synthesis decrease in the skin occurs more
due to increased competition for trans-retinol
between LRAT and retinol dehydrogenase
than when TRA synthesis is inhibited due to
suboptimal physicochemical factors.

Regulation of LRAT activity by retinoids
provides a mechanism of TRA synthesis
autoregulation (Fig. 1). At a sufficient
concentration of retinoids, esterification of
trans-retinol is induced and the synthesis
of TRA is reduced, while in conditions of
retinoid deficiency the opposite situation
occurs. Introduced from outside TRA bound
with cellular retinol-binding protein (CRBP)
in keratinocytes tROL, is catalyzed by lecithin
retinol acyltransferase (LRAT) or sequentially
oxidized to retinaldehyde (tRAL) and
catalyzed by retinoldehydrogenase (tROLDH),
and then to TRA which is catalyzed by
retinaldehydrogenase (tRALDH). TRA binds
to cellular retinol-binding protein-II (CRBP-
II) and is hydroxylated by {RA 4-hydroxylase
to 4-hydroxy-TRA (4-OH tRA), which binds
and activates RAR-y and RXR-a. Activation
of RAR-y/RXR-o stimulates the transcription
of genes containing the corresponding tRA
elements (RARE) in their promoters. tRA
induces CRBP, CRABP-II, LRAT and tRA4-
OH in human skin, and thus regulates its
own content. CRBP and CRABP-II contain
RARES in their promoters, and therefore their
transcription is directly stimulated by RAR-y/
RXR-a receptors[11].

With hypovitaminosis A, proliferation,
differentiation and duration of cell life
cycles change [2]. The epidermis responds
to vitamin A deficiency by cementing the
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growth zone, nuclei polymorphism, horny
layer thickening [12]. On the example of the
skin, horns, trachea, liver, it is shown that the
lack of vitamin A in the body is accompanied
by proliferative activity of epithelial cells
inhibition.

In the early stages of hypovitaminosis,
in the epithelium there is an increase in the
duration of S- and shortening of G2-periods
[13]. Cell differentiation is inhibited and
their functional activity decreases. On small
bowel explants, it was found that the addition
of vitamin A to the culture fluid reproduces
the functional activity of goblet cells by
replenishing their population from progenitor
cells. Such results were obtained for the
secretory cells of the epithelium and glands of
the digestive system [12].

Moderately elevated doses of vitamin
A stimulate keratinocyte proliferation in
both in vitro models (skin epithelial culture
and epidermal explants) and in vivo in
experimental animals and humans. For
example, trans-retinoic acid (TRA) stimulates
keratinocyte proliferation for 4 days,
increasing the number of epidermal cell layers
and increasing the thickness of the epidermis
[14, 15] (Fig. 2, image on the right). TRA also
causes a characteristic barrier compaction and
widening of the gaps between keratinocytes.

Herewith the increase in mitotic activity of
cells occurs in parallel with the increase in the
ability of the population to synthesize DNA.
This effect is not associated with increased

DNA repair, and is determined by the increase
in the number of cells responsible for the onset
of DNA replication. This dependence applies
to most skin epithelium. With total dose of
vitamin A increasing, the changes may not be
limited to this, but lead to the appearance of
metaplasic epithelium areas [13].

To dissolve, protect and detoxify retinoids
in extracellular and intra-abdominal media,
trans-retinol, trans-retinal and trans-retinoic
acid bind to specific proteins [9, 16].

The most suitable extracellular retinoid-
binding proteins are:

+ retinol-binding protein 4 ((i) retinol-
bindingprotein 4 — RBP4), which binds mainly
trans-retinol (adducts stabilization through
transthyretins association reduces renal
filtration of retinoids);

« interphotoreceptor matrix retinoid-
binding protein ((ii) — IRBP ) — binds mainly
to 11-cis-retinal, 11-cis-retinol and trans-
retinol;

+ epididymal retinoid-binding protein
((iii) — ERBP ) — binds mainly trans-retinol;

+ B-trace (iv) — binds mainly ¢rans- and
9-retinoic acid, as well as trans- and 13-cis-
retinal;

« serum albumin (v) — binds mainly trans-
retinoic acid;

- very low density lipoproteins, low density
lipoproteins and high density lipoproteins —
bind retinol ethers and esters.

Intracellular (cellular) retinoid binding
proteins (CRBPs ) are:

Fig. 1. Autoregulation of trans-retinoic acid metabolism in the skin [10]:
LRAT — lecithin retinol acyltransferase; CRBP — cellular retinol-binding protein;
CRBP-II — cellular retinol-binding protein II
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Fig. 2. Histology of human skin under normal conditions (left) and treated with 0.1% TRA (right) [14]:
1 — epidermis (keratinocytes); 2 — dead barrier; 3 — suprabasal keratinocyte layer;
4 — basal keratinocyte layer; 5 — dermo-epidermal junction (basal membrane zone); 6 — dermis

- CRBP1 and CRBP2 — bind trans-retinal
and trans-retinol;

+ proteins that bind retinoic acid (cellular
RA-binding protein CRABP) CRABP1 and
CRABP2;

« (III) CRBP3 and CRBP4 — bind trans-
retinol only,

« (IV) cellular retinal-binding protein
(CRALBP ) — binds trans-retinal only.

All these proteins play an important role
in the transport and metabolism of retinoids,
especially in their scarcity.

Retinoids properties and clinical use

Retinoids are vitamin A-like class of
chemical compounds that can cause specific
biological responses as a result of the binding
and activation of retinoic acid receptors.
Retinoids, as well as synthetic derivatives,
which differ significantly from the isoprene
structure of natural vitamin A, act similarly,
namely through the activation of nuclear
retinoid receptors they regulate the processes
of proliferation, differentiation and
intercellular interaction [17—-19].

Within the class of retinoids, there is
significant heterogeneity both in terms of
properties and in terms of results of clinical use
[20—22]. They are involved in the regulation
of gene transcription by activating receptors
located in the nucleus or bind to transcription
factors (nuclear receptors), and then the
formed complex “ligand-receptor” joins the
promotor site of the corresponding gene,
resulting in the synthesis of substances that
cause pharmacological action (both therapeutic
and side effects). Retinoids contribute

to the normalization of cells terminal
differentiation, inhibit the hyperproliferation
of the epithelium in the excretory ducts of the
sebaceous glands, the formation of detritus. In
addition, these drugs have anti-inflammatory
and immunotropic effects in the treatment of
open wounds by inhibiting the inflammatory
mediator leukotriene B4 [19].

Thus, when applied externally and
systemically, retinoids have a sebostatic, anti-
inflammatory, kerato-and immuno-modulating
effect, activate the regeneration processes
in the skin, and stimulate the synthesis of
mucopolysaccharides and glycosaminoglycans
(Fig. 3).

The first generation of retinoids includes
retinol, retinol acetate, retinol palmitate,
retinal, tretinoin, isotretinoin, alitretinoin
(Table). The first-generation retinoids are
widely used to treat acne, as well as in anti-
aging cosmetics. The second generation includes
etretinate and acitretin. These retinoids are
used as systemic drugs to treat psoriasis and
dermatoses. The third generation of retinoids
is represented by polyaromatic compounds
(arotinoid acid, adapalene, tazarotene and
bexarotene) and is used in dermatology, as well
as in oncological practice [22].

Alitretinoin or 9-cis-retinoic acid is a
form of vitamin A, developed by Ligand
Pharmaceuticals company, is used as an
antitumor drug as well as in the treatment
of severe persistent eczema of the hands
[28]. Tretinoin is a retinoid used in
dermatology since the 1960s, but its efficacy
in the treatment of photoaging was first
demonstrated by Kligman and colleagues
only in 1984: the treatment of photoaging
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Fig. 3. Targets and biological effects of vitamin A compounds

Table. Representatives of the I-III generation of retinoids [18, 19, 22]
The I generation The II generation The III generation
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of mouse skin with tretinoin for 10 weeks
resulted in significant recovery of the area
with new collagen which correlated with
the smoothing of wrinkles. This interesting
observation prompted researchers to study
the potential of tretinoin in the treatment
of photoaging. Later, the molecular basis
of this observation became clear [14].
It was found that pre-treatment of UV-
irradiated photoaging skin with 0.1%
solution of tretinoin leads to complete
blockade of interstitial collagenase and
gelatinase synthesis, preventing the collagen
degradation.

Isotretinoin is a biologically active form
of vitamin A, can be synthesized in the body.
Isotretinoin does not directly bind to nuclear
retinoic acid receptors (RAR or RXR). It
is rapidly converted to tretinoin and other
substances-ligands of nuclear retinoic acid
receptors and regulates gene expression,
which causes changes in protein synthesis
(depending on the state of the tissue it may
be either induction or inhibition). It has anti-
inflammatory, keratolytic and antiseborrheic
action, inhibits the terminal differentiation
of keratinocytes, stimulates regenerative
processes [24].

Acitretin is a synthetic aromatic analogue
of retinoic acid that has no hepatotoxic,
mutagenic or carcinogenic effects. Clinical
studies have confirmed that in psoriasis
and keratinization disorders, acitretin
normalizes the proliferation, differentiation
and keratinization of epidermal cells, and its
side effects, in general, are quite acceptable.
The effect of the drug is symptomatic, and
the mechanism of action remains incompletely
studied [25].

Etretinate is a synthetic substance derived
from retinoic acid (ethyl ester of acitretin)
with a bioavailability of 50% when it is taken
orally [26]. Etretinate undergoes a number
of metabolic changes, including hydrolysis
by esterases in the liver and intestine, the
formation of conjugates of 13-cis-acitretin and
dimethylated acitretin derivatives, which are
further excreted in bile and urine. Etretinate is
used for psoriasis, ichthyosis, Darier’s disease
and some other skin diseases.

Arotinoid acid is one of the most potent
synthetic retinoids, acting as a selective
retinoic acid receptor (RAR) agonist. It plays
the role of antitumor and antiteratogenic
agent, is a part of benzoic acids, retinoids
and naphthalenes, has the highest affinity
for human skin and cellular retinoid-binding
protein (CRBP) [18]. Another advantage of

this substance is its slow destruction in the
cell, as well as the lack of retinoid dermatitis,
which often occurs with the use of retinoids of
previous generations. Retinoid dermatitis is a
well-known side effect of synthetic retinoids,
but usually occurs in combination with the
symptoms of psoriasis, and obviously hinders
the achievement of therapeutic results in some
patients.

Therefore, one of the important advantages
of arotinoid acid over acitretin and etretinate
is the absence of mucosal irritation and
retinoid dermatitis at potentially therapeutic
doses. This allowed it to be used not only
in dermatology for the treatment of severe
forms of acne and dermatoses, but also in
rheumatology, in the treatment of cancer and
in other fields [21].

The search for new retinoids, safer and
more potent than available compounds, has
led to the development of arotinoids [27]. In
previous clinical trials, the arothinoid acid
ethyl ester was found to be highly effective
in the treatment of severe and persistent
retinoid dermatoses. Using mouse embryonic
cells and keratinocyte cells as experimental
models, it was shown that arothinoid ethyl
ester affects the differentiation of epithelial
cells in vivo and in vitro. It stimulates
epidermis proliferation in both embryos
and adult mice. However, it inhibits the
differentiation of the embryonic epidermis,
enhances the differentiation of the epidermis
in adults and causes a decrease in the content
of cyclic AMP in keratinocytes stimulated by
cholera toxin.

Adapalene is considered a third-generation
synthetic retinoid that contains naphthoic
acid. Unlike retinoic acid, adapalene has
selectivity for the nuclear retinoic acid
receptor (RAR). It aims at pathological peeling
of the skin, modulates cell differentiation and
has anti-inflammatory properties. In addition,
due to its selectivity to receptors, it causes less
skin irritation and has been used successfully
in the treatment of acne [28]. Thus, a two-
center randomized placebo-controlled masked
study with parallel groups of 83 patients with
actinic keratosis and solar lentigo and other
symptoms of photoaging was performed to
assess the therapeutic potential of adapalene
(0.1% or 0.3%). After 9 months of treatment
up to 60% of patients had improved cell state
and reduced epidermal melanin.

As expected, adapalene was well received
by patients, and therefore it can be used as
an adjunct to the treatment of photoaging
mainly in chronic intolerance to conventional
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retinoids. Adapalene (a derivative of naphthoic
acid) is an example of new substances with
specified pharmacological properties and
clinical effects: molecule stability and anti-
inflammatory action increasing, efficiency
maintaining, skin irritation minimizing.

The exact mechanism of adapalene
action is unknown, but it is assumed that,
when applied topically, it normalizes the
differentiation of follicular epithelial cells
and keratinization, preventing the formation
of micro-comedones, similar to the action
of natural retinoids. Unlike retinoic acid,
adapalene binds to specific nuclear retinoic
acid receptors (RARs) and does not interact
with so-called cytosolic retinoic acid binding
proteins (CRABPs) [29].

Tazarotene is a new acetylene retinoid
effective in the topical treatment of psoriasis
and acne, which along with acitretin are
currently the only FDA approved retinoids
for the treatment of psoriasis. Tazarotene
acts on RAR and RXR receptors, altering
the expression of a gene that stimulates
inflammatory cytokines and keratinocyte
proliferation is inhibiting [30]. Tazarotene is
rapidly metabolized to the active metabolite
of tazarotenoic acid. Due to its rigid poly-
aromatic framework, it does not undergo
isomerization or conformational changes
in the skin. Sefton and colleagues (2006)
were the first who conduct an experimental
two-way randomized trial to evaluate the
effectiveness of 0.1% tazarotene in 10
healthy women with moderate photoaging of
forearm skin. At the end of the 12" week, in
the group treated with tazarotene there was
a significant reduction in pigment spots,
thin folds and roughness of the skin, and
histological examination showed a decrease
in keratinocytes atypia and their polarity
restoration.

Tazarotene supports the outcome of
treatment and plays a significant role in
post-therapy. The most common side effect
is topical irritation, which limits its role
as the only mean for psoriasis treatment.
Efficacy is increased by combination
with topical corticosteroids (TCS). A new
fixed combination is currently available:
tazarotene and halobetazole for topical
application, which provides synergistic
efficacy for both rapid treatment and long-
term post-therapy.

Bexarotene is a selective retinoid X
receptor (RXR) agonist. It binds and
activates RXRs, which function as ligand-
activated transcription factors that control
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gene expression. This leads to cell growth
modulation, apoptosis and differentiation.
Bexarotene is used to treat diabetes and
various malignancies [31, 32]. Bexarotene,
as one of the last synthesized nuclear X
retinoid receptor agonists (RXR), is one of
the recently proposed therapeutic agents
for the treatment of cognitive deficits in
Alzheimer’s disease [32]. At the molecular
level, bexarotene, in addition to stimulating
nuclear X retinoid receptors, is also able to
block calcium-permeable ion channels formed
by B-amyloid due to its ability to bind to it.
The protective effect of bexarotene against
the irritant effect of B-amyloid can also
occur through insulin-mediated signaling
pathways [33].

Retinoids biosynthesis prospects

The study of the biochemical properties,
as well as retinoid-converting enzymes active
sites and mechanisms of action in animals and
bacteria, including retinol dehydrogenase,
alcohol dehydrogenase, aldo-ketoreductase
and aldehyde dehydrogenase, made it possible
to propose the production of retinoids
using genetically engineered (metabolically
constructed) bacterial cells [34—36].

Retinal (a precursor of retinoids) is
prepared using P-carotene 15,15’-mono
(di)oxygenase (BCM(D)O) from -carotene,
which is synthesized from isoprenenoid
building blocks of isopentenyldiphosphate
(IPP) and dimethylallyldiphosphate
(DMAPP). The possibility of retinoids
obtaining using genetically engineered
Escherichia coli, which expresses exogenous
BCM(D)O, and mevalonate pathway of
building blocks synthesis in combination
with a two-phase culture system using
dodecane [35] has been shown. Among the
problems of biosynthesis is a significant
level of retinoids intracellular degradation,
to prevent which a two-phase cultivation
system with dodecane was used, which
allowed to increase the yield of the product
68 times. In this study, 136 mg/l of
retinoids consisting of retinal (67 mg/l),
retinol (54 mg/1) and retinyl acetate (15
mg/l) were successfully obtained and the
potential of Escherichia coli for microbial
retinoid synthesis was demonstrated.

The possibility of biotechnological
production of all-trans-retinol by recombinant
bacterial alcohol dehydrogenase (ADH) from
Kangiella koreensis was first reported [36].
Purified ADH as a 40 kDa dimer with a specific
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activity of 21.3 nmol min~! mg™! was specific
for all-trans-retinol using NADH as a cofactor.
The optimal conditions for trans-retinol
obtaining were determined: pH 6.5, 60 °C,
2 g/l of the enzyme, 2.2 mg/l of all-trans-
retinal in the presence of 5% of methanol,
1% of hydroquinone and 10 mM of NADH.
Under optimized conditions, the synthesis
of all-trans -retinol reached 600 mg/l in 3 h,
which indicates the prospects of the proposed
method.

The functional activity of retinoids has
an extremely wide range: participation in
redox processes, protein synthesis regulation,
the work of cell and subcellular membranes,
normal metabolism promotion, bones and
adipose tissue formation.

By interaction with receptors in the
nucleus of target cells, retinoids bind to DNA
fragments and stimulate gene transcription,
revealing a hormone-like effect. Retinol is
needed to maintain and repair the epithelial
tissues that make up the skin and mucous
membranes, and is used in the treatment of
almost all skin diseases.

Promising synthetic retinoids are mainly
polyaromatic compounds, which obviously
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OYHKIIIOHAJBHA AKTUBHICTH
TA IIEPCIIEKTHBU CHHTETHYHHX
AHAUJIOTIB
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MeToio po6oTu OyJio IpoaHaaisdyBaTHu U ysa-
raJbHUTH iH(OPMAI[il0 CTOCOBHO (DYHKI[iOHAJIbHOI
AKTUBHOCTI BiJOMHX PETUHOIAiB, a TAKOK BU3HA-
YUTU HAIPAMHU iX monudikarii Ta mepcrnekTuBu
3aCTOCYBaHHSA B IEPMATOJIOTIT IXHIX CHHTETUUHUX
aHAaJOriB.

PosrasamyTo Ta mpoaHaJsizoBaHO maHi JiTe-
paTtypu HIof0 eTalliB MeTabo0JIisMy PeTHHOINiB
B OpraHisMmi JOAMHU, MexXaHi3MiB IXHBOI Aii Ta
BJIACTUBOCTEII, 1110 3YMOBJIIOIOTH 3aCTOCYBAHHSA
iX y piBHUX MeIUYHUX TaIy3axX. ¥ 3arajJbHeHO iH-
¢hopmMmartizo 11010 JiKyBaHHA TePMAaTOJIOTIYHUX 3a-
XBOPIOBaHb IPUPOIHNMI PETUHOIJaMU Ta IXHIiMHU
CUHTETUYHUMU aHAJIOTaMU.

Haseneno cyuacHy Kjaacu@ikaiiioo peTmHOI-
nIiB, 3aCHOBAHY Ha 0COOJMBOCTAX IXHBOI XiMiuHOI
CTPYKTYPHU Ta PYHKITIOHAIBLHOI AKTUBHOCTI, ITOKAa-
3aHO B3a€MO3B’ A30K IIUX XapaKTEePUCTHUK i 3acobiB
BUKOPHCTAHHS TAKKUX IPeHapaTiB y AepMaToJIoril
Ta KOCMETOJIOTi1.

IlepcekTMBU NMPaKTUUYHOTO 3aCTOCYBAHHSA
CHHTEeTUUYHUX PETUHOIAIB, IO IPeACTaBJEHi IIe-
peBaKHO TOJiapoOMaTUYHUMU CIIOJTYKaMHU, 3YMOB-
JIeHi IXHbOIO BUIIOI0 CTabiIbHICTIO Ta e(heKTUBHIC-
TIO, & TAKOK SHUKEHOIO IMOJAPa3HIOBAJIBHOIO i€
3aBASKY BUOIPKOBOCTI 10 AMePHUX PEIlenTOPiB.

Knwmouwosi crosa: petTuHoOifM, CUHTETUYHI aHAJO-
T'M  PeTuHOIAiB, MexaHisaMu  OGiosoriunoi
aKTUBHOCTI, #AJepHiI pelenTopu pPeTUHOIAIB,
IepMaToJorid.

PETHHONABI B JEPMATOJIOTHH:
OYHRIIMOHAJDBHAS AKTUBHOCTD
U ITEPCIIEKTHUBbBI CHHTETHYECKHUX
AHAJIOI'OB

B. B. Kosmyn', A.T.Cudopenro?,
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lHanI/IOHaJILHLII’/’I TeXHUUYECKUU YHUBEPCUTET
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«KueBCcKU# MOIUTEXHUUECKUN UHCTUTYT
umeHu Uropa CuKopcKoro»
2000 «®APMA UHTEPHEIIHJI T'PVII 2>,
Kues, Ykpauna
3umuazus «Aragemus», Kues, Ykpanua

E-mail: lial 98@bigmir.net

ITenwvio paboTsl ObLI aHaAU3 U 0000IEeHUE
nH@OpMAaIUU O (PYHKIMOHAJIHLHON aKTHUBHOCTH
U3BECTHBIX PETUHOUJOB, a TaKiKe OIpejelieHre
HAMIpaBJeHUH MX MOAUMPUKAIIAUA U IEePCIEeKTUB
MIPUMEHEeHNUA B [ePMATOJOTUN UX CUHTETUUECKUX
aHaJIOTOB.

PaccmoTpeHb! 1 TpoaHAJTMBUPOBAHBI JaHHBIE
JIUTEPaATypPhl OTHOCUTEJHLHO STAIIOB MeTabosu3ma
PEeTUHOUAOB B OPraHM3Me YeJIOBeKa, MeXaHU3-
MOB UX JIeHCTBUA U CBOMCTB, 00YCJIOBINBAIOIITAX
WX MIPUMeHEeHNe B Pa3JIUYHBIX MEeIUITUHCKUX 00-
aactax. O6o6imena nHGOPMAIUA IO JIEUEHUIO
JIepMaTOJIOTUYeCKUX 3a00/IeBaHUNA IPUPOSHBIMU
PEeTUHOUJaMU U UX CUHTETUYECKUMHU aHAJIOTaMU.

ITpuBenena coBpeMeHHas KJaccuuramusa
PeTUHOUAOB, OCHOBAHHAA HA OCOOEHHOCTIX MX
XUMUUYECKON CTPYKTYPHI 1 (PYHKITMOHATHLHON aK-
TUBHOCTH, ITOKa3aHa B3AUMOCBA3b TUX XapaKTe-
PHUCTHUK 1 CIOCOOOB UCIIOJH30BAHUA TAKUX ITpeTa-
PaToB B AePMAaTOJIOTUHN U KOCMETOJIOTUH.

ITlepcnekTHBEI IPAKTUUECKOTO IPUMEHEHUA
CUHTETUUYECKUX PETUHOUIOB, MPEACTABIEHHBIX
IPEeNMYIIeCTBEHHO MOJHNapoOMAaTUUYECKUMU CO-
eINHEeHUSAMU, 00yCIOBIIeHbl X 00Jiee BHICOKOI
CcTabUJIBbHOCTHIO 1 3 (EeKTUBHOCTHIO, 4 TaKKe II0-
HUKEHHBIM pasapakaioluM JeiicTBueM 0Jiaro-
Iapsa u3dupaTesbHOCTH K SIePHBIM PeIlerTopaM.

Knwouesvle cnoéa: peTmHOUIbI, CUHTETUUYECKUE
aHaJIOTM PETUHOWJOB, MEXaHU3MbI OMOJOTHUYE-
CKOU akTUBHOCTHU, AJlePHbIEe PelleITOPHI PeTUHOU-
OB, TepMaTOJOTUA.
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