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According to modern knowledge, the biological effect of many peptides is mediated by their short-
chain fragments — oligopeptides — ranging from 2 to 20 amino acids and the activity of short peptides often
significantly exceeds the activity of the peptide precursor. Aim of the review was to summarize the uptodate
data on the stability of short peptide sequences, mechanisms of cell penetration, interaction with cell recep-
tors, biological effects and approaches to clinical application. Stability of short peptides is mediated by their
structure and molecular weight. Some di-/tripeptides were reported to be able to permeate through intestinal
membranes in their intact forms via peptide transporter systems, while others are vulnerable to protease
degradation. Although pinocytosis is presumed to be the main mechanism how short peptide sequences enter
the cell, some lipophilic oligopeptides were shown to penetrate the cell membrane by the same mechanism
as steroid or thyroid hormones and specific extracellular receptors were also described. Low-weighing oli-
gopeptides realize their effect on the cell, chromosomal, genome and molecular levels. The advantages of
oligopeptides include oral availability (for low weight compounds), low immunogenicity, high tissue specifici-
ty, faster biological effect, better cost efficiency and environmental friendliness of their synthesis. Hence,
short peptide sequences are regarded as promising candidates for pharmacotherapy, cell cultures and drug
delivery purposes.
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modulation of the chemical reactions and bio-

logical responses that occur in nature [1-3].
Peptidergic regulation of homeostasis is supposed to
be phylogenetically the oldest form of bioregulation
[2]. Being biocompatible, biodegradable, bioactive,
and relatively amenable to large-scale production,
peptides are currently gaining interest as potential
agents in different fields of medicine [4]. Peptide
drugs have obvious advantages over the non-peptide
drugs such as high activity, low toxicity since they
consist of endogenous amino acids, the absence of
severe side effects, and lower probability of tolerance
or dependence [5].

P eptides are central to the regulation and

According to modern knowledge, it is recog-
nized that the biological activity of many peptides is
mediated by their short chain fragments, oligopep-
tides [1-3, 5], e.g. the inhibition of pancreatic juice
secretion by ghrelin is realized by the active part of
the hormone with the sequence of amino acids Gly-
Ser-Ser-(n-octanoyl)-Phe [6]. And the biologically
active part of thymopoietin is a pentapeptide with a
structure Arg-Lys-Asp-Val-Tyr [2, 4, 7-9].

The medical potential of short sequence pep-
tides was initially characterized many decades ago
with the identification of biological mediators such
as angiotensin, vasopressin, oxytocin and brady-
kinin [10]. The proline-rich oligopeptides described
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in venom from some kinds of snakes were the first
naturally occurring angiotensin-converting enzyme
inhibitors described and inspired the design of cur-
rent commercial inhibitors of angiotensin-converting
enzyme [11].

Oligopeptides are defined as peptide sequences
ranging from 2 to 20 amino acids [2, 10]. Numerous
oligopeptides are produced in the course of limited
proteolysis and their activity often significantly ex-
ceeds the activity of the peptide precursor [2]. Other
advantages of oligopeptides include oral availabili-
ty in contrast to polypeptides since many short se-
quences are resistant to the effect of gastrointesti-
nal proteinases, low immunogenicity, especially of
the compounds containing less than 8 amino acids,
high tissue specificity, quicker biological effect, bet-
ter cost efficiency and environmental friendliness of
their synthesis [1, 2, 10, 12]. To date, the chemical
structures of oligopeptides from more than 2,000
organisms representing all the biological kingdoms
have been identified [13].

Natural oligopeptides are considered to regu-
late nearly all vital processes, namely the prolifera-
tion and differentiation processes in various types
of cells and tissues, protein synthesis, intracellular
communication, nociception, vessel permeability,
neoangiogenesis [3, 9, 14]. Thus, bioactive peptides
offer a promising approach for many medical and
pharmaceutical applications [1, 3, 10, 15, 16].

Purpose of the current review was to sum-
marise modern data on the stability of short pep-
tide sequences in plasma and gastrointestinal tract,
cell membrane penetration, interaction with cell
receptors, mechanisms of biological effects and
approaches to clinical application. To reach this
purpose a meta-synthesis literature review of 44
relevant scientific papers from Web of Science, Sco-
pus, Pubmed databases was conducted.

Stability of short peptide sequences.

Stability of short sequence peptides, their inter-
action with cell receptors and mechanism of action
in human body are one of the most disputable is-
sues in oligopeptides biology. It is still questionable
whether oligopeptides exert their biological effect
as the entire sequence or after they are degraded to
smaller peptides.

One of the advantages of oligopeptides, re-
peatedly reported in literature is the possibility of
their oral administration since numerous low mo-
lecular weight peptides were shown to be resistant

to gastrointestinal enzymes in contrast to polypep-
tides, known to be easily degraded and difficultly
passing through the intestinal mucosa [2, 16-19].
Oral bioavailability is characteristic for the small
peptide molecules with typical molecular weights
of < 50 Da, whereas larger ‘biologics’ typically
> 5000 Da need to be delivered via injection [20].
Namely, dipeptides were shown to penetrate biologi-
cal barriers due to the presence of specific ATP-de-
pendent transporters in enterocytes and blood-brain
barrier [5].

According to literary data stability of short
peptides is mediated by their structure and molecu-
lar weight [16-18, 20, 21]. Oligopeptides, containing
more than 4 amino acids show a lower transport
ability than di-/tripeptides, possibly due to the pres-
ence of paracellular tight junctions [16]. Some di-/
tripeptides were reported to be able to permeate
through intestinal membranes in their intact forms
via peptide transporter systems, while others are
vulnerable to protease degradation [16]. Namely,
some investigators report that alanine-, phenylala-
nine- and prolin-containing peptides as well as short
peptides of the structure glycil-glycin, glycin-sarco-
syl, carnosine can be absorbed into circulation from
the gastrointestinal tract as entire molecules and
even their excretion with urine was shown [22].

Studies of the tetrapeptide Lys-Glu-Asp-Ala
showed that this compound was not hydrolyzed even
by the peptidases of the small intestine and under the
conditions in vitro it was hydrolyzed only for 50%
[23]. As mentioned above, different glyprolines were
reported to modulate the activity of gastrointestinal
enzymes along with high stability to enzymatic hy-
drolysis [2, 21, 24-26]. The pentadecapeptide BPC
157 (Gly-Glu-Pro-Pro-Pro-Gly-Lys-Pro-Ala-Asp-
Asp-Ala-Gly-Leu-Val) was also reported to be es-
pecially stable and in vitro studies showed that this
compound was not broken down by gastric juice
during a 24 hours period [27]. Two food-derived
angiotensin converting enzyme inhibitory peptides,
Ile-Pro-Pro and Leu-Lys-Pro were confirmed to be
stable against intestinal and liver peptidases [28].
Oligopeptides of the structure Ser-Met, Asn-Cys-
Ser, glutathione and their zinc-peptide complexes
were shown to be resistant to pepsin but not to pan-
creatin [16, 28]. Pancreatin was shown to hydrolyse
partly Ser-Met, Asn-Cys-Ser and zinc-peptide com-
plexes, but more than half of them remained in their
original form after gastrointestinal digestion [16, 28,
29]. In vitro studies of the hydrolysis of 2 peptides
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of the structure Lys-Glu-Asp-Ala (livagen) and epi-
thalon (Ala-Glu-Asp-Gly) in different parts of gas-
trointestinal tract showed that Lys-Glu-Asp-Ala was
unsignificantly hydrolysed in stomach and both Lys-
Glu-Asp-Ala and Ala-Glu-Asp-Gly were resistant to
proteases of the proximal part of the small intestine
and jejunum [22]. N-acyl derivatives of Pro-Gly-Pro-
Leu proved to be resistant to the action of leucine
aminopeptidase and other enzyme systems [25].

Another important issue, demanding deeper
elucidation is the stability of short peptides in plas-
ma. The hexapeptide Arg-a-Asp-Lys-Val-Tyr-Arg
was shown to be stable in in aqueous solutions, while
in plasma it was rapidly bound by albumins [4]. A
derivative of Arg-Gly-Asp-Trp-Arg, a new patented
antithrombotic small peptide, with ®w-aminocaprylic
acid on its N-terminus (0RWR) was shown to be sta-
ble in plasma [30]. Some glyprolines were shown to
be active in plasma 60 and 90 min after the injection
[31].

In peptide drugs engineering huge efforts are
also devoted to stabilize peptides against proteases
present in serum or plasma, therefore, peptide se-
guences of potent drug candidates are typically sub-
stituted to eliminate motifs recognized by proteases
or to incorporate structural features preventing pro-
teolysis [23]. Thus, binding of the tripeptide Pro-
Gly-Pro to C-terminals of unstable regulatory pep-
tide taftsin solved the problem of its stabilisation and
resulted in the creation of a new peptide anxiolytic
drug (selank) [31].

By shortening the overall amino acid amount of
somatostatin and replacing L:-analogue amino acids
with D:-amino acids, plasma half life time of the de-
rivate octreotide was 1.5 hours in comparison to only
few minutes of somatostatin [22]. A PEG (2,40 K)
conjugate of INF-alpha-2b exhibited a 330-fold pro-
longed plasma half life time compared to the native
protein [22].

Certain oligopeptides of glyprolines structure
were shown to cross blood-brain barrier [21].

Cell penetration and molecular
mechanisms of the interaction of short
sequence peptides with cell receptors

Pinocytosis was presumed to be the main
mechanism how short sequences enter the cell [25].
For a long time it was unclear whether short peptides
penetrate the cytoplasmic and nuclear membrane and
then bind to DNA or they bind to receptors (intracel-
lular or on cell membranes) and activate the intracel-

lular signal cascades, which results in modification
of the gene expression [3, 14]. Assessing the molecu-
lar mechanism of action of the group of biologically
active glyprolines in the central nervous system it
was shown that biological activity of short peptide
molecules is probably mediated by their specific li-
gand-receptor interaction on the plasma membranes
of target cells and that these processes are compli-
cated by the presence of active peptide proteolysis,
which results in both changes in the concentration of
molecules of the initial peptide and the occurrence of
new peptides [21].

FITC-labeled di- and tripeptides were shown
to penetrate into the cytoplasm, nuclei, and nucle-
oli of HeLa cells [1]. Since eukaryotic cell nucleus
has a system of nuclear pores formed by protein
complexes nucleoporins, whose inner diameter is
about 50 nm, nucleus is permeable for free diffusing
low-molecular-weight substances with a molecular
weight < 3500 Da [3]. Therefore, short peptides by
their physical and chemical characteristics (charge,
volume, and hydrophoby) can penetrate through the
cytoplasmic and nuclear membranes of the cell, bind
to complementary sequences in the gene promoters,
which results in the synthesis of the relevant mRNA
and triggering of the translation process [3, 15]. The
experiments with series of oligopeptides with par-
ticular physical and chemical properties based on
the primary structure of B-catenin and C-reactive
protein showed that these sequences inhibit vital
genes involved in cell division in a plant model [14].
Such oligopeptides with regulating activity were
called 'peptide-i' peptides, referring to their ability
to interfere with the expression of particular genes,
and thus with the expression of the related biological
activities [15]. This data is supported by the studies
of Khavinson group, who proposed that interaction
with DNA is the key moment of the realization of
the biological effect of the short peptides [3, §, 14,
19]. This concept was supported by the data that the
alterations in the peptidergic regulation of the body
cause changes of the functional status of the cell, re-
sulting in the decrease of certain genes expression
and protein biosynthesis [2, 3, 12, 14, 15].

The mechanism of action
of short sequence peptides

The direction of oligopeptides action in terms
of specific genes expression depends on the pep-
tide structure and concentration [12]. Active site of
regulatory peptides and proteins interacting directly
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with the receptor molecule consists of the limited
number of amino acid residues, amount of which is
determined by the competition between precision
of recognition and rate of peptide-receptor complex
dissociation [5].

The effect of short peptide molecules on gene
expression presents a great opportunity to use oligo-
peptides to treat human diseases, knowing that about
~3,000 human genes are disease-modifying genes
and ~3,000 are druggable genes [17, 32].

It was established that low-weighing oligopep-
tides realize their effect on the cell, chromosomal,
genome and molecular levels [2, 3, 12, 14]. Oligo-
peptides are also known to affect the activity of hor-
mones and enzymes [2, 11, 22, 31]. It was also hy-
pothesized that biological activity of short sequence
peptides is associated with their prominent antioxi-
dant properties, although this data is contradictory
as some oligopeptides were reported to have prooxi-
dant effect. A number of studies have demonstrated
the effect of short peptides on the proliferation and
differentiation of stem cells [14, 33]. Several oligo-
peptides were reported to exert potent geroprotective
effect due to the inhibition of apoptosis, induction of
telomerase activity and telomere elongation in hu-
man fibroblast culture, which can be due to reacti-
vation of the telomerase gene in somatic cells and
indicates the possibility of prolonging the life span
of a cell population [33].

Application of short peptide
sequences in medicine

Biological effects of short peptide sequences
are very diverse dependently on their structure what
makes them perspective candidates for therapeutic
use in many fields of medicine, particularly in the
light of personalized medicine [34]. Actually the
peptide market is growing twice as quickly as the
rest of the drug market and ~80% of the peptide drug
market is represented by small molecules [17]. Some
short peptide sequences are already well known as
registered official drugs, for instance, gastroprotec-
tive short sequence peptide drug dalargin (Tyr-D-
Ala-Gly-Phe-Leu-Arg) [24], larger niche is still used
as food supplements and numerous oligopeptides are
being tested in preclinical research and in different
stages of clinical trials.

The fields of the most perspective applica-
tion of short peptide sequences in medicine cover
dermatology, antimicrobial therapy, immunoregula-
tion, regulation of functions of different organs and

antitumor treatment, treatment of nervous system
disorders, geroprotection, drugs delivery and use of
oligopeptides as carriers for metals, cell culture.

Short sequence amino acids or oligopeptides
represent a relatively new and promising area of
dermatology and cosmetology, namely anti-wrinkle
treatment [10]. Recent discoveries include peptides
that stimulate extracellular matrix synthesis through
either increasing fibroblast synthesis of collagen or
decreasing collagen degradation [1].

Antimicrobial peptides have recently gathered
significant attention as an emerging source of poten-
tial antibiotics, due to the swift emergence of mul-
tidrug-resistant bacteria and a dwindling antibiotic
pipeline [35]. Since the vast majority of antimicro-
bial peptides are long, comprised of more than 10
amino acids, resulting in significant production costs
for their synthesis while simultaneously displaying
metabolic instability and relatively poor pharmaco-
logical profiles, efforts have been shifted to shorter
molecules and the development of new peptidomi-
metic approaches [35].

Thymic peptides and their artificial short se-
guence derivatives for many decades have been mar-
keted as immunomodulators, in particular Thymo-
gen (L-a-glutamil-L-tryptophan) and Thymohexin
(Arg-a-Asp-Lys-Val-Tyr-Arg) [4, 8]. The enhance-
ment of innate and adaptive immune responses was
reported in mice under the effect of walnut oligopep-
tides, including but not limited to boosting phago-
cytic capacity of macrophages, activating NK cells,
improving cell-mediated and humoral immunities
[29, 36].

Oligopeptides extracted from hen's egg yolks
were reported to suppress the development of hyper-
tension in spontaneously hypertensive rats, possibly
by the inhibition of the angiotensin-converting en-
zyme [37]. Oligopeptides derived from soybean were
suggested for possible use as natural antioxidants or
antihypertensive compounds in the pharmaceutical
and functional food industries, to be effective in pain
control by increasing the absorption of opioids com-
pared with a control mixture of proteins in healthy
adults and had a significant impact on endurance
performance [37].

BPC 157 (Gly-Glu-Pro-Pro-Pro-Gly-Lys-
Pro-Ala-Asp-Asp-Ala-Gly-Leu-Val), also known
as Bepecin, PL 14736 and PL10 has demonstrated
consistently positive and prompt healing effects for
various injury types, both traumatic and systemic
and for a plethora of soft tissues in different animal
models [38].
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Literary data provide increasing evidence on
gastroprotective properties of nhumerous short se-
quences, in particular glycine-proline containing
peptides, pentadecapeptide BPC 157 (Gly-Glu-Pro-
Pro-Pro-Gly-Lys-Pro-Ala-Asp-Asp-Ala-Gly-Leu-
Val), thymohexin (Arg-a-Asp-Lys-Val-Tyr-Arg),
walnut oligopeptides, met-enkephaline (His-D-
Trp-Ala-Trp-D-Phe-Lys-NH2) and leu-enkephaline
(Tyr-Gly-Gly-Phe-Leu), demorphine (H-Tyr-D-Ala-
Phe-Gly-Tyr-Pro-Ser-NH2) and sedatine (H-Arg-
Tyr-D-Ala-Phe-Gly-OH), H-Glu-Asp-Gly-OH and
H-Lys-Glu-Asp-OH [2, 7-9, 39]. L-carnosine and
dalargin (Tyr-D-Ala-Gly-Phe-Leu-Arg) for several
decades have been registered in some countries as
antiulcer remedies [2].

According to literary data, gastroprotective ef-
fects of short sequence opioid peptides are attribut-
able in particular to their regulatory effects on stom-
ach secretion and centrally induced gastroprotective
effect of neuropeptides may be mediated by a vagal
dependent increase of gastric mucosal resistance to
injury, activation of vagal cholinergic pathway, re-
sulting in the stimulation of the release of mucosal
prostaglandins and nitric oxide [2].

The gastroprotective effect of glyprolines some
authors explain by anti-inflammatory action of these
substances, their involvement in the regulation of
acid and bicarbonate secretion and ability to accu-
mulate in the gastric mucosa with further involve-
ment in the synthesis of the structural peptides, in-
cluding collagen [2]. The studies of Falaleyeva T. et
al showed that pronounced gastroprotective effects
of the tripeptide Pro-Gly-Pro and its metabolite
Gly-Pro on the models of water-immersion restraint
stress and ethanol-induced gastric lesions in rats
were largely determined by the antioxidant proper-
ties of these compounds [40, 41]. The decrease in
the severity of ethanol-induced erosions and ulcer
lesions after preventive treatment with Pro-Gly-Pro
or Gly-Pro correlated with a decrease in the content
of lipid peroxidation products to a control level, ac-
tivities of superoxide dismutase and catalase also
returned to control values [41].

Thymohexin (Arg-a-Asp-Lys-Val-Tyr-Arg)
was shown to decrease the area and damage index
of epinephrine and indomethacin-induced gastric le-
sions in rats, that was accompanied by the decrease
of inducible nitric oxide activity and thiobarbituric
acid products content, thus also its antioxidant effect
[8, 9, 42].

In indomethacin-induced gastric lesions in rats
a tripeptide H-Glu-Asp-Gly-OH was shown to af-
fect the glycosylation procession in the rat gastric
mucosa and to some extent to reverse glycosylation
changes caused by cyclooxygenase-1/cyclooxyge-
nase-2 inhibition with indomethacin [7].

In terms of antitumor effects a short 14 amino
acid peptide (called RK1), purified from scorpion
venom was shown to inhibit cell proliferation, mi-
gration and angiogenesis of U87 (Glioblastoma) and
IGR39 (Melanoma), being the first natural peptide
able to abolish completely the proliferation of cancer
cells [43].

Selected oligopeptides (3 up to 7 amino acids)
derived from the pregnancy hormone human chori-
onic gonadotropin were shown to inhibit severe in-
flammation, the onset of type I diabetes, renal failure
and tumorigenesis [15]. And one of these oligopep-
tides (AQGV) has already been successfully tested
in human Phase | and Ila studies [15].

Tryptophan—tyrosine and tryptophan—methio-
nine peptides were shown to suppress the primary
microglia activation and tryptophan—methionine
was shown to supress inflammation in the brains of
Alzheimer’s disease model mice [44].

In terms of geroprotection peptide treatment
reduced the incidence of cancer and prolonged the
median and maximum lifespan in experimental ani-
mals [3, 14].

Small peptides are also supposed to be
suitable for the modification of liposomes, being
biocompatible, biodegradable, and less antigenic
compared with antibody and other modifiers [41].
Literary data gives two examples of the use of lipo-
somal oligopeptides: one for antimetastatic therapy
and the other for antineovascular therapy [41].

Oligopeptides can also be used as carriers for
metals, in particular Zn, for enhanced mineral bio-
availability, it is crucial that metal-chelating peptides
should be partially or fully resistant to the hydrolytic
action of digestive enzymes [29].

Short peptides are also considered to be
bioregulators in the maintenance of structural and
functional homeostasis of cell populations in cell
culture studies. AEDG and KED peptides were
shown to prolong stem cell division in vitro and pre-
vent its senescence and apoptosis, prevent p16 and
p21 gene expression and protein synthesis, that al-
lows their use as supplementary substances in cul-
ture media to delay the expression of senescence
markers in long term stem cell culture [39].
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Table. Stability, cell penetration, mechanisms of biological effects and approaches to clinical and labora-
tory application of short sequence peptides

Characterisation

of short sequence Data Reference
peptides
Stability in Low molecular weight peptides (< 500 Da) were shown to be [2, 5, 16-19,
gastrointestinal tract resistant to gastrointestinal enzymes and can be applied orally 23, 27, 28]
Stability in Some short peptide sequences, namely glyprolines, were shown [22, 30, 31]
blood plasma to be stable in plasma 60 and 90 minutes after the injection,
whereas the others are rapidly degraded by plasma proteases or
bound by albumins (f.i. Arg-a-Asp-Lys-Val-Tyr-Arg)
Blood brain barrier Dipeptides were shown to penetrate blood-brain barrier due to [5]
the presence of specific ATP-dependent transporters
Some glyprolines were shown to cross blood-brain barrier. [21]
Mechanism of Pinocytosis was presumed to be the main mechanism how short [25]
cell penetration sequences enter the cell
Biological activity of some short peptide sequences is mediated [21]
by their specific ligand-receptor interaction on the plasma
membranes
Mechanism of action | Short peptides can penetrate both the cytoplasm and nucleus, [1, 3, 14, 15,
bind to complementary sequences in the gene promoters, 19, 32]
affecting the processes of transcription and translation
Low-weighing oligopeptides realize their effect on the cell, | [2,3, 12, 14]
genome and molecular levels
Oligopeptides affect the activity of hormones and enzymes [2, 11, 22, 31]
Oligopeptides regulate oxidation/antioxidation balance [8, 9, 34]
Fields of application Antimicrobial treatment [36]
Dermatology and cosmetology [1, 10]
Modulation of immune function [8, 9, 37]
Antihypertension treatment [11, 28]
Increase of antioxidant defense [8, 9, 29]
Gastroprotection [2, 7-9, 24,
27, 39, 42]
Antitumor therapy [41, 42]
Geroprotection [3, 14]
Drug delivery and use as carries for metals [41, 42]
Cell culture [34]
Directions for Pharmacotherapy [1, 2,7 10,11,
future research 20, 35-38]
Drug delivery [41, 42]
Cell culture [34]

Stabilisation of short sequence peptides (elimination of motifs
recognized by proteases, shortening the overall amino acid
amount, replacing of relevant amino acids, conjugation with
other molecules)

[22, 23, 32, 33]

10
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Conclusions and future prospects

Given the diverse biological effects of short se-
guences, their low immunogenicity, lack of toxicity
and opportunities to generate various peptide ana-
logues through specific amino acid substitutions and
alterations, oligopeptides are promising candidates
to occupy a wider niche in pharmacotherapy as well
as for cell cultures and drug delivery purposes.
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KOPOTKOJAHIIOI'OBI
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3rifHO 3 Cy4YacHUMH YSBJICHHSAMH, O0i0J0-
rivai edekTu O6ararboxX MENTHAIB OOYMOBIEHI iX
KOPOTKOJAHIIOTOBUMHU ~ ()parMEHTaMH —  OJIIro-
NENTHIAMH, 0 MICTATH Big 2 10 20 aMiHOKHC-
JIOT, 1 aKTUBHICTh KOPOTKHX IENTHJIB YacTO 3Ha-
YHO TEPEBUINYE TaKy MPOTETHIB-MONEPESIHUKIB.
MeTtor ornsiny Oyio y3araJbHHTH Cy4YacHi HaHi
00 CTa0ITBPHOCTI KOPOTKOJAHI[IOTOBUX TICTITH-
JliB, MEXaHI3MiB IPOHUKHEHHS 1X y KIITHHY, B3a€-
MOJIii 3 KIITHHHUMH pELenTopaMu, Oi0JOTiYHUX
e(eKTiB Ta MAXOMIB /10 KJIIHIYHOTO BHKOPHUCTAaH-
Hs. CTa0iapHICTH KOPOTKOJAHIIOTOBUX TMEMTH/IIB
00yMOBIICHa iX CTPYKTYpOI Ta MOJICKYJISIPHOIO
Macoro. [ToBigomIsmocs, mo AesKi qu-/TpUnenTuIun
3MaTHI BCMOKTYBATHCSI Yepe3 CIH30BY OOOJIOHKY
KUIIEYHUKA B IHTaKkTHIA (opmi 3aBasku ydacti
MNENTUIHUX TPAHCIOPTHUX CHCTEM, TOMI KOJIH
IHIT  TIJaf0ThCA  pO3Majy MpoTeazaMH. Xoda
MPUITYCKAEThCS, IO TMIHOIUTO3 € OCHOBHHUM
MeXaH13MOM MIPOHUKHEHHS OJIrONENTHIIB

y KIITHHY, [OKa3aHOo, M0 JesKi JinoQiiabHi
OJIITOTNIENITUIA TICHETPYIOTh y KIITHHHY MEMOpaHy
3a TaKUM CaMHUM MEXaHI3MOM SIK CTEpOifHI YH
TUPOiAHI TOPpMOHHU. TakoX omucaHo ix crennudiaai
BHYTPIITHBOKIITHHHI penentopu. OmironenTuan
3 HU3BKOIO MOJICKYJISIPHOIO MAacol0 pealizyloTh
CBOIO JIiI0 HAa KIITHHHOMY, XPOMOCOMHOMY,
FeHOMHOMY  Ta  MOJIGKYJSIDHOMY  PiBHSX.
IlepeBaraMu KOPOTKOJIAHITIOTOBUX TMENTHIIB €
MOJIMBICTh TEPOPAJILHOTO 3aCTOCYBaHHS (s
HU3bKOMOJICKYJISIDHUX CIIOJIYK), HHU3bKa IMYHO-
TeHHICTh, BHCOKI TKaHWHHA CHeNH(IYHICTH 1
OionoriuHui eQeKT, EKOHOMIYHICTb Ta EKOJO-
TigHICTh iX cuHTe3y. OTKe, KOPOTKOJIAHITIOTOBI
MENTHAX MOXYTh PO3IIISIAATUCH SIK HEPCIEKTHBHI
conyku  Juist  (apMakoreparnii,  KJIITHHHOTO
KYJIBTUBYBAHHSI Ta BEKTOPHOI JOCTABKH JIIKaPCHKUX
3aco0iB.

KnrwyoBi clioBa: KOPOTKOJAHI[FOTIOBI
NENTUAN, OJIIFONMENTHIN, MENTHACPridHa PeryJis-
11isI, TPOTEOMIKa.
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