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The review summarizes information on possibilities of plant preparations use for collagen structure and me-
tabolism disturbances correction. Biologically active compounds of plant origin can both stimulate and inhi-
bit the biosynthesis of various types collagens, accelerate or slower down their catabolism, regulate the activi-
ty of enzymes involved in the collagen's metabolism. Most of the studied compounds realize their effects si-
multaneously by several mechanisms. Among them, the most common are the direct influence of the sub-
stance on the processes of collagen genes expression and indirect influence via TGF-betal- pathway. In ad-
dition, a fairly common are effects on collagen synthesis by changing organism's pools of free amino acids
(as the starting compounds for this protein synthesis) and by regulation of hydroxylases (performing collagen
post-translational modifications and crosslinking). Besides TGF-betal others cytokines can also be involved
in the processes of collagen metabolism regulation by compounds of plant origin. In particular, this is cha-
racteristic of triterpenes and phytoestrogens. Such a variety of methods for collagens metabolism regulation
creates a wide range of possibilities for developing new preparations based on extracts or pure plant com-
pounds able to correct connective tissue collagen structure and metabolic disorders with minimal adverse ef-
fects. Fundamentally different possibilities for the influence of plant organisms on collagens are opened with
the use of genetically modified plants. Recombinant collagens allow to obtain proteins with new programmed
features, making it possible to synthesize proteins with predetermined properties for medical use.

Keywords: plant preparations; collagen structure; collagen metabolism; disturbances correction; recombinant
collagens.

Introduction

Among human conventional chemical expo-
sures an important role belongs to modern medi-
cines, whose use in various combinations is in-
creasing year by year. The problem is that, along
with their curative activities, these compounds also
have wide spectra of adverse effects [1]. Such ef-
fects belong to the top 10 leading causes of death
and illness in developed countries [2].

The severity of medicines negative effects on
the organism largely depends on genotype, age,
sex, race, pathology, drug category, route of ad-
ministration, and drug—drug interactions. Undesir-
able influences of whole drug combinations may
differ from the separate drug combination compo-
nents side effects [3]. In this case, it is both possi-
ble to increase the negative effects of the compo-
nents with combined administration, and their
weakening. There are also cases of the emergence
of fundamentally new adverse reactions when
combining medicines.

The more serious is the disease, the higher
is the probability of using a drugs combination
with a different spectrum of side effects, which can
aggravate the state of patients. Therefore, it is quite
understandable, that pharmacologists strive to find
among the preparations of plant origin, compounds
that can cause a mild pharmaceutical effect with-
out rude disturbing the metabolic processes in the
cell [4].

This is especially important for agents able
to correct connective tissue collagen structure
and metabolic disorders, which accompanying
many systemic diseases such as diabetes, neop-
lastic processes, cardiovascular and autoimmune
diseases [5].

Unfortunately reports concentrating on the
effects of plants-derived compounds on collagen
structure and metabolic disorders are very scanty
[6, 7]. Basically, such studies in the last half cen-
tury have been focused on ascertaining the fact of
the presence of a certain activity in one or another
dosage form based on plant materials.
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The second large group of publications is
works devoted to little-studied endemics of Africa,
South America and Asia biological activities. Such
works are often carried out by local scientists from
developing countries in laboratories whose material
base does not allow for more in-depth studies of
these plant compounds effects on the structure and
function of various types of collagens. Their re-
search is mainly limited to isolating the total frac-
tion of biologically active substances from repre-
sentatives of the local flora and testing their medi-
cinal properties. In isolated cases, it is possible to
identify individual compounds responsible for a
certain type of biological activity [6—8].

The small number, fragmentation and lack of
consistency in the study of herbal preparations ef-
fects on collagen structure and functions did not
allow obtaining a complete picture of the available
information in this area of research to date.

The aim of the present study was to summar-
ize all the accumulated information and to evaluate
possibilities of herbal preparations and their phyto-
chemical constituents for collagen structure and
metabolic disorders treatment.

Herbal preparations for collagen anabolism
regulation

The greatest amount of research is devoted to
the ability of herbal preparations to regulate colla-
gen biosynthesis.

Many phytochemicals demonstrated positive
activity at collagen synthesis stimulation [9]. A
number of attempts were made to identify the ac-
tive constituents responsible for stimulation of en-
hanced collagen production with simultaneous
identification of chemical structures responsible for
this activity [10].

Metabolism of collagens is complex process
and requires understanding of multiple interactions
with several agents. It was shown that Allium sati-
vum, Aloe vera, Centella asiatica, and Hippophae
rhamnoides are characterized by the best activity
among herbal monopreparations [10]. The active
ingredients obtained from the plant materials have
been analyzed for the presence of alkaloids, carbo-
hydrates, glycosides, terpenoids, diterpenes, sesqui-
turpenes and phytosterols, phenolic compounds
and multiple kinds of tannins, proteins, flavonoids,
saponins, lignins, alkaloids and essential oils. Exact
structure activity relationships are not yet unders-
tood. Extracts from Achillea biebersteinii, Achillea
kellalensis and Punica granatum, Adhatodavasica,
Alkanna tinctoria, Annona squamosa, Arnica Mon-

Innov Biosyst Bioeng, 2023, vol. 7, no. 1

tana and Artemisia absinthium, Bauhinia purpurea,
Bulbine frutescens and Bulbinenatalensis, Butea mo-
nosperma, Calotropis gigantea, Capparis zeylanica,
Cassia occidentalis, curcumin from Curcuma longa,
Desmodiumgangeticum, Elaeisguineensis, FElephanto-
pusscaber, Fucheuma cottonii, Ficus racemosa, Gy-
nura procumbens, Heliotropium indicum, Hyptissua-
veolens, Indigofera asphalathoides, Jasminum sam-
bac, Kalanchoe pinnata, Leonotisnepetaefolia, Mar-
tynia annua, Moringa oleifera, Nigella sativa caused
increased DNA production and total collagen syn-
thesis. However, in all these cases individual spe-
cific chemical entities having such activity have not
been found. Enhanced collagen synthesis in all
these cases probably was a result of synchronized
action of multiple active ingredients present in the
phytoextracts [10].

Interesting data was obtained in experiments
with Aronia melanocarpa extracts and QOenanthe
javanica extracts [11]. High performance liquid
chromatography (HPLC) analysis data allowed to
determine main active ingredients — chlorogenic
acid and rutin. Active compounds of Aronia mela-
nocarpa extracts significantly increased collagens
type I and III biosynthesis with simultaneous sig-
nificant decreasing levels of matrix metalloprotei-
nase MMP-1 and 3. Chlorogenic acid protected
keratinocytes and fibroblasts from negative exogen-
ic factors damage via scavenging reactive oxygen
species (ROS) including superoxide anion and hy-
droxyl radicals. Rutin protected this cell via en-
hancing ROS scavenging activity via inhibiting
cyclooxygenase-2 (COX-2) and inducible nitric
oxide synthase (iNOS). Researchers supposed that
both compounds could act by reducing ROS-
induced DNA damage and superoxide anion pro-
duction, elevating antioxidant enzyme expressions
in collagen-synthesizing cells and inhibition of ma-
trix metalloproteinases activity, resulting in sup-
pression of collagen degradation and of extracellu-
lar matrix destruction.

Olea europaea leaf extract (Linefade complex)
containing 1.6% oleanolic acid and 0.4% of other
compounds (maslinic acids, oleuropein, oleuropeo-
side, ligustroside and hydroxytyrosol) [12] induced
collagen IV synthesis in vitro and ex vivo. This li-
pidic mixture realized its activity via stimulation of
collagen IV biosynthesis. Hydnophytum formicarum
extract influences on collagen density and biosyn-
thesis, stimulates fibroblast activities [13].

Bambara groundnut (Vigna subterranea) ex-
tracts, containing different flavonoids, phenols,
phenolic glycosides, saponins, tannins, xanthones,
alkaloids and terpenoids saponins [14] stimulated
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collagen biosynthesis by human dermal fibroblasts
possibly due to these compounds. Its effect of col-
lagen stimulation might be caused by decreasing
collagenase activity of a metalloproteinase enzy-
matic complex.

The formula herbal extract (PH) mixed with
Equisetum arvense (Equisetaceae), Achillea millefo-
lium (Asteraceae), Echinacea purpurea (Asteraceae)
and Hyssopus officinalis (Lamiaceae) containing
such phenolic compounds as chlorogenic acid,
caffeic acid, luteolin and apigenin, also caused in-
crease in collagen synthesis on L929 mouse fibrob-
lasts cell line [15].

Glycine max seeds extract and fresh soymilk
fractions also demonstrate collagen stimulating ef-
fect [15]. Pycnogenol is a French maritime pine
bark extract produced from the outer bark of Pinus
pinaster Ait. subsp. atlantica. It has strong antioxi-
dant, anti-inflammatory and vasodilator activities,
antithrombotic effects and collagen stabilizing pro-
perties [16]. Aloe vera increases collagen formation
and inhibiting collagenase [17]. Labisia pumila ex-
tract promotes skin collagen synthesis [18]. Prepa-
rations from Eucommia ulmoides Oliv (Eucommia-
ceae) bark and leaves as soon as Eleutherococcus
senticosus Maxim (Acanthopanax senticosus Harms)
bark of the root and the stem promote collagen
synthesis [19]. Chinese medicinal herbs including
Duhuolisheng decoction (DHIJST), BuyangHuan-
wu decoction (HYBWT), ShentongZhuyu decoc-
tion (STZYT), TaohongSiwu decoction (THSWT),
Yanghe decoction (YHT) and TongduHuoxue de-
coction (TDHXT) cause collagen synthesis en-
hancement [20]. The overproduction of insoluble
collagen and decreased degradation of collagen oc-
cur as a result of exposure to Areca nut extracts via
stimulation of the fransforming growth factor TGF-3
pathway of the cell signaling [21].

Herbal preparations for collagen catabolism
regulation

A few smaller numbers of publications are de-
voted to herbal preparations that have a retroactive
effect. Collagen catabolism regulation was demon-
strated with extracts from grapes, berries and espe-
cially in the dried roots of Polygonum cuspidatum-
Sieb. et Zucc [22].

Red sage (Salvia miltiorrhiza Bunge), or Dan-
shen in Chinese, has long been used in combina-
tion with other herbal medicines for the treatment
of skeletal diseases in traditional Chinese medicine
(TCM) [23]. So far, more than 100 individual
compounds have been extracted from this plant
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and tested in different in vivo and in vitro experi-
ments (animal models and biochemical assays).
Test items showed anti-resorptive and bone forma-
tion-stimulating effects targeting different pathways
in the bone remodeling cycle (the activation of os-
teoblasts, the modulation of osteoclastogenesis, and
the inhibition of collagen degradation) [23].

Silymarin (standardized mixture of flavonolig-
nanes) was found to cause reduction of collagen
synthesis [24].

The extracts of pomegranate peels and seeds
can decrease the level of TGF-B1 and inhibit col-
lagen synthesis [25].

In addition to direct study of collagen meta-
bolism indices, the attention of scientists was also
drawn to collagenases and hydroxylases regulating
its metabolism. There are several publications de-
voted to herbal preparations effects on these en-
zymes.

Thus, Aloe vera preparations demonstrate abil-
ity to inhibit collagenases activities [17]. Persim-
mon leaf (Diospyros kaki folium) extracts also dem-
onstrate such ability with simultaneous activation
of elastase [26]. Areca nut extracts cause disruption
of the equilibrium between matrix metalloprotei-
nases (MMPs) and tissue inhibitors of matrix me-
talloproteinases (TIMP) [27].

Collagen crosslinking was studied in C57BL/6
mice [28]. Six groups of young and adult mice re-
ceived vitamin C, vitamin E, vitamins C and E,
blueberry, green tea extract (GTE), or no treat-
ment for a period of 14 weeks. Collagen glycation
remained unchanged by the treatment. However,
GTE or vitamins C and E (combined) blocked
collagen crosslinking at mice 10 months of age
(p <0.05, adult group). Green tea extract also
blocked fluorescent products at 385 and 440 nm
(p=10.052 and p < 0.05, respectively) and tended to
decrease skin pentosidine levels. These results sug-
gest that green tea is able to delay collagen cros-
slinking by an antioxidant mechanism that is in
part duplicated by the combination of vitamin
Cand E.

Herbal preparations for collagen — cell inter-
actions regulation

Several publications are devoted to the inf-
luence of herbal preparations on various cell-
signalling molecules interaction with collagen fi-
brils. Cocoa preparations inhibited epinephrine-
collagen and adenine dinucleotide (ADP)-collagen
induced primary hemostasis [29]. Higenamine
(benzylisoquinoline alkaloid isolated from Aconiti



tuber) also inhibits ability of collagen to induce
platelet aggregation [30]. The same activity has
aged garlic extract [31]. In oriental countries, some
medicinal plants have been claimed for uses to im-
prove circulation, induce fibrinolysis or prevent
thrombosis. Some of them act as collagen-receptor
antagonists [32].

Experiments on cell cultures have been dem-
onstrated that Smilax glabra Roxb (SGR) sup-
presses collagen induced adhesion and migration of
PC3 and LNCaP prostate cancer cells by oppres-
sion of Beta 1 integrin expression [33].

SGR has been used as a traditional Chinese
medicine for brucellosis and syphilis. Its water ex-
tracts (in doses 100 pg/mL for PC3 and 50 pg/mL
for LNCaP) attenuates interaction between colla-
gen and PC3 and LNCaP cells. PC3 and LNCaP
cells (pretreated with Smilax glabra water extracts)
and those cells that were not treated were loaded
to the upper side of a Transwell chamber and in-
cubated in a CO, incubator. Investigated extract
did not inhibit the PC3 and LNCaP cells migra-
tion to the serum-coated area. However, the mi-
gration of PC3 and LNCaP cells to the collagen-
coated bottom areca was dose dependently atte-
nuated by Smilax glabra water extract treatments.
It attenuated direct interactions between collagen
and prostate cancer cells, significantly inhibited
collagen-dependent PC3 and LNCaP cell adhe-
sion, gen-dependent PC3 and LNCaP cell adhe-
sion. Among this Smilax glabra water extract regu-
lates expression of a2f1 integrin, which is a known
receptor for collagen in PC3 and LNCaP cells. It
was demonstrated that integrin-dependent signaling
could be effectively inhibited by Smilax glabra
water extract to slow PC3 and LNCaP cells ad-
hesion to collagen-rich extracellular matrix regi-
ons. Further investigations allowed to determine
5-0O-caffeoylquinic acid as a single functional anti-
adhesive component of Smilax glabra water extract.

The similar effect was previously found in ex-
periments with water extract of Gleditsia sinensis
Thorn [34]. This extract also slowed down the col-
lagen-based migration of PC3 prostate cancer cells
by oppression of ao,f,-integrin expression. Using
the Boyden chamber migration assay, it was shown
that non-toxic levels of Gleditsia sinensis water ex-
tract could not attenuate the PC3 migration to the
bottom area coated with serum but significantly
inhibited PC3 cell migration to the collagen-coated
bottom area. It also significantly attenuated colla-
gen against adhesion. Researchers noted that the
expression of o,-integrin but not that of B,-integrin
was significantly inhibited by the administration of
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Gleditsia sinensis water extract, leading to the inhi-
bition of focal adhesion kinase (FAK) phospho-
rylation. In vivo experiments on nude mice de-
monstrated that, oral administration of this extract
(25 mg/kg/day) significantly inhibited the size of a
PC3 cell-xenografted tumor.

Herbal pure substances effects on collagen

As for the biological effects of pure substances
of plant origin and their mechanisms of action on
the collagen metabolism, number of such publica-
tions is much smaller and they are very scattered.
The most investigated among these compounds are
vitamins.

For example, it was demonstrated that vita-
min C served as a cofactor in the synthesis of col-
lagen [35]. Ascorbic acid also markedly stimulates
collagen synthesis in dependently to its cofactor
roles for hydroxylation of lysine and proline [36].
Human fibroblasts grown in the absence of ascor-
bate produced 30% less collagen [37]. This protein
was under-hydroxylated and its degradation was
increased from 16% (basal level) to 49% due to
disturbed triple-helical conformation causing it to
be susceptible to intracellular degradation. The en-
zyme-linked immunosorbent assay (ELISA) tests
showed that both types I and III collagens synthe-
sis were regulated by ascorbic acid.

According to other scientists' data L-ascorbic
acid stimulates procollagen synthesis in cultured
human skin fibroblasts without influence on intra-
cellular degradation of newly synthesized procolla-
gen [38, 39]. Levels of mRNA for pro alpha 1(I),
pro alpha 2(I), and pro alpha I1(III), as soon as le-
vels of procollagen functional mRNA are increased
in the presence of ascorbic acid. Ascorbic ac-
id obviously can control the expression of three
different procollagen genes, located on separate
chromosomes (translational level of procollagen
synthesis regulation). At post-translation level it
promotes hydroxyproline formation and cross-
linking with hydroxylisine. Authors noted that the
control point at the level of gene transcription or
mRNA degradation also could not be excluded.

Among this ascorbic acidhas been shown to
stimulate collagen synthesis through induction of
lipid peroxidation leading to increased transcription
of the collagen genes via transforming growth fac-
tor-beta and fibroblast growth factor mediated me-
chanism [40]. Vitamin C stimulating influence on
collagen synthesis can be realized due to inhibiting
of extracellular signal-regulated kinase [41]. For-
mation of collagen triple helices is also regulated
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by ascorbic acid via induction of the synthesis of
osteoclast differentiation factor — receptor activator
of NF-«B (RANK) ligand (RANKL)/osteoprote-
gerin (OPG) [42]. Recent data on vitamin C in-
volvement in cell signaling and collagen gene ex-
pression open new perspectives for its pharmaco-
logical use [43].

Alpha-tocopherol (50 uM) prevents the sti-
mulation of collagen gene expression [44]. L-as-
corbic acid and Trolox (a water-soluble vitamin E)
regulate matrix metalloproteinase (collagenase)
MMP-1 functioning [45].

Vitamin E prevents collagen oxidation and
degradation [46]. It significantly inhibits renal col-
lagen deposition and reduces hydroxyproline con-
tent [47]. The mechanism of its action is mediated by
TGF-B1. Transforming growth factor-pl (TGF-B1)
transduces its signal by binding to TGF-p type 1
receptor kinase or activin-like kinase (ALKSY5) re-
ceptor and increase the transcription of collagen
via Smad2 and Smad3.

Several genes that modulate the expression of
extracellular proteins (tropomyosin, «o,-collagen,
MMP-1, MMP-19, connective tissue growth fac-
tor) are regulated by tocopherols [48]. Several me-
chanisms may underlie tocopherol-dependent gene
regulation:

— protein kinase C-mediated (due to its de-
activation by alpha-tocopherol),

— by direct involvement of pregnane X re-
ceptor PXR/retinoid X receptor RXR,

— antioxidant responsive element and trans-
forming growth factor beta responsive element
(TGF-beta-RE)-mediated.

But the central signaling mechanism remains
unclear.

Tocotrienols, members of the vitamin E fami-
ly, which exist in four different isoforms (a, B, 7,
and 8 tocotrienol) modulate collagens (type I and
IIT) and collagenases synthesis (MMP-1), as well
as their genes expression in human skin fibroblasts
[49, 50]. Tocotrienols supplementation down-regu-
lates the expression of TGF-8, fibronectin and col-
lagen type 1V in rats [51].

Oral administration of the antioxidant mixture
of vitamin C, vitamin E, pycnogenol, and evening
primrose oil influence on collagen metabolism
through inhibition of collagen-degrading matrix
metalloproteinases activity or through enhance-
ment of procollagen synthesis [52].

Nicotinamide (vitamin B;) cause changes in
amino acids content of bone collagen [53]. Such
effect could be realized both directly (on the level

of gene expression) and indirectly via influence on
free amino acids pools [54].

Flavonoids, alkaloids, saponins and phenolic
compounds are active constituents present in dif-
ferent herbs facilitating collagen synthesis and fi-
brils formation [8, 9]. Such activity demonstrates
vitamin P (vegetable polyphenol) [55].

Polyphenols from Persimmon leaf regulate
collagen synthesis and collagenases activities [26].
Such plant polyphenols as gallic acid, elaeocarpu-
sin, pedunculagin, and ellagitannin enhance colla-
gen production and inhibit collagenase and elastase
activities in the fibroblasts [56].

Phytoestrogens stimulate bone formation, in-
crease levels of alkaline phosphatase, osteocalcin,
osteopontin, and o,(I) collagen, suppress the rate
of bone resorption and enhance the rate of bone
formation [57].

The effects of genistein (soy isoflavone phyto-
estrogen) on collagen and DNA biosynthesis (mea-
sured by the 5-[*H]proline and the [*H]thymidine
incorporation assays) were examined in normal
human dermal fibroblasts (CRL-1474) [58]. At
10 uM, genistein had protective effect on collagen
biosynthesis in fibroblasts, while at 100 uM it in-
duced inhibition of this process. The protective ef-
fect of genistein on collagen biosynthesis was not
related to modulation of prolidase activity or the
expression of the betal-integrin receptor, focal ad-
hesion kinase FAK, proto-oncogene, non-receptor
tyrosine kinase Src or growth factor receptor-
bound protein Grb2. The mechanism of genistein
effect on collagen biosynthesis in these experiments
may be due to prevention of disturbances in the in-
sulin-like growth factor IGF-I receptor-mediated,
extracellular signal-regulated kinases ERK1/ERK2-
associated signaling pathway.

Triterpenes from Centella asiatica can mod-
ulate collagen biosynthesis avoiding slower scarring
or faster, hyperthrophic scarring and cheloids [59].
Ginsenoside Rg3 (steroid glycoside and triterpene
saponin) at concentrations 50 or 100 pg/ml inhibits
keloid fibroblast proliferation, angiogenesis and
collagen synthesis in vitro via the TGF-B/Smad
and ERK signaling pathways [60].

Component of licorice 18a-glycyrrhetinic acid
down-regulates expression of type I and III colla-
gen via TGF-B1/Smad signaling pathway in hu-
man and rat hepatic stellate cells due to down-
regulation of Smad3, up-regulation of Smad7, and
inhibition of DNA binding activities of specificity
protein SP-1, activator protein AP-1 and nuclear
factor kappa B NF-«B [61]. Glycosides (madecas-



sosides, asiaticosides) are among the main active
components facilitating collagen synthesis and fi-
brils formation [8, 9]. Asiaticosides can inhibit
transforming growth factor TGF-B expression, col-
lagen synthesis, effectively up-regulate the expres-
sion of Smad7 protein [62].

Another heterocyclic compounds such as chlo-
rogenic acid and its derivatives regulated collagen
biosynthesis [11, 33]. 5-O-caffeoylquinic acid can
inhibit collagen induced adhesion and migration of
cells via beta 1 integrin expression inhibiting [33].

Lignans and iridoid glycosides from Eucommia
ulmoides bark, Fucommia ulmoides leaves, and
Siberian ginseng also can regulate collagen synthe-
sis [18]. Other lignin — phyllanthin — isolated from
the plant Phyllanthus amarus, inhibit collagen
synthesis by down-regulating transforming growth
factor TGF signaling pathway via ALKS5, Smad-2
and -3 inhibition [63]. Lignans from the bark of
Fucommia ulmoides inhibit mRNA and protein ex-
pression of collagen type 1 (Col I), collagen type
I1I (Col III), collagen type IV (Col IV) in mesan-
gial cells [64].

Cinnamophilin (from Cinnamomum philippine-
nse) inhibited collagenases MMP-1 and MMP-13
expressions in IL-1p-treated chondrocytes simulta-
neously by two mechanisms (NF-kb or ERK/p38
MAPK inhibition and/or p-c-Jun pathway repress-
ing) [65]. Licarin E regulates MMP-1 expression
by inactivating mitogen-activated protein kinases
(MAPKS) and increases type-1 procollagen expres-
sion by stimulating transforming growth factor B
(TGFB)/Smad signaling [66]. Flavonolignan sily-
marin was found to inhibit collagen synthesis at the
level of DNA/RNA-mediated effects [24]. Silyma-
rin may be a natural multi-functional and multi-
target drug.

Resveratrol (3,5,4’-trihydroxy-trans-stilbene)
is a phytoalexin contained in a variety of plants. It
significantly stimulates the expression of collagen
type Il at the mRNA [67].

Alkaloids from areca nut are the most impor-
tant biologically for collagen metabolism regulation
whilst tannin may have a synergistic role. These
chemicals appear to interfere with the molecular
processes of deposition and/or degradation of extra-
cellular matrix molecules such as collagen [27, 68].
In vitro studies on human fibroblasts with chemi-
cally purified arecoline established its ability to in-
crease collagen formation that is also demonstrable
histologically in human fibrosis tissues. Increased
collagen synthesis could be a result of not only ex-
pression of collagen genes, but also of disruption of
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the equilibrium between matrix metalloproteinases
and their tissue inhibitors [27].

Curcumin (diferuloylmethane) from Curcuma
longa can reduce the expression of collagen IV [69].
Curcumin inhibits the IL-1p-induced activation of
NF-kxB and suppresses IkBoa phosphorylation and
p65/RelA nuclear translocation. It causes inhibi-
tion of matrix metalloproteinase MMP-13 expres-
sion and stimulation of type II collagen expression
via NF-«B — mediated mechanism [70].

Alkaloid capsaicin(8-methyl- N-vanillyl-6-no-
nenamide), an active component of plants belong-
ing to the genus Capsicum, significantly influences
on the molecular stability, self-assembly, and fibril
stability of type I collagen. It can suppress collagen
fibril formation, increase of collagen fibers stability
and protects them from enzymatic degradation [71].

Different fatty acids (especially unsaturated
and hydroxylized) have been shown to act as sti-
mulators of collagen synthesis and inhibitors of
collagen degrading matrix metalloproteinase-1 and
matrix metalloproteinase-3 [12].

Collagens from genetically modified plants

Fundamentally different possibilities for the in-
fluence of plant organisms on collagens are opened
with the use of genetically modified plants [72].

Currently, several plant systems are known to
express collagen type I genes [73—75]. These genes
were successfully transduced into such well-studied
and long-used in genetic engineering plants as
maize (Zea mays) and tobacco plants(Nicotiana
tabacum).

It became possible not only to accurately re-
produce the primary structure of collagen type I
molecule both o and B strands, but also to achieve
their post-translational self-assembly into triple he-
lixes of collagen microfibrils [76]. These collagens
had thermostability, resistance to protease activity
up to 39 °C, abilities to cellular adhesion, binding
and interaction with different types of cells similar
to native collagen [77, 78].

In vivo experiments demonstrated that col-
lagen type I synthesized by a tobacco recombi-
nant system significantly better interacts with liv-
ing tissues than collagens isolated from animal
sources [79].

Recombinant collagens allow to obtain pro-
teins with new programmed features, making it
possible to create proteins with predetermined
properties, with a certain number of sites responsi-
ble for cell adhesion or nucleation centers for hy-
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droxyapatite crystals formation to regulate the ossi-
fication of collagen implants.

Taking into account collagen genes poly-
morphism not only with pathologies but also in
norm [80, 81] different genes from the same colla-
gen type I superfamily transcription rates regula-
tion (as it was previously demonstrated for osteo-
genesis imperfecta [82, 83]) opens new possibilities
in the creation of medical agents directly stimulat-
ing wound healing and new bones accelerated for-
mation.

Conclusions

Thus, biologically active compounds of plant
origin can both stimulate and inhibit the biosyn-
thesis of various types collagens, accelerate or
slower down their catabolism, regulate the activity
of enzymes involved in the collagen's metabolism.
Most of the studied compounds realize their effects
simultaneously by several mechanisms. Among
them, the most common are the direct influence of
the substance on the processes of collagen genes
expression and indirect influence via TGF-BI-
pathway. In addition, a fairly common are effects
on collagen synthesis by changing organism’s pools
of free amino acids (as the starting compounds for
this protein synthesis) and by regulation of hydro-
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with new programmed features, making it possible
to synthesize proteins with predetermined proper-
ties for medical use.
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MOXJIMBOCTI BUKOPUCTAHHSA POCITMHHUX NPEMNAPATIB AN KOPEKLIT CTPYKTYPU KONATEHY
TA MOPYLLUEHb METABO/MI3MY: CYYACHWUA CTAH MPOBNEMU

B ornagi ysaranbHeHo iH(OpMaLiio Npo MOXMIMBOCTI BUKOPUCTaHHA POCIMHHUX MpenapariB Ans Kopekuii nopyLleHb CTPYKTypu Ta Mme-
Taboniamy konareHy. bionoriyHO aKTUBHI CMONYKN POCIMHHOIO MOXOMAKEHHS 34aTHI SK CTUMYINOBaTW, Tak i MpUrHivyBaTh GiocnHTes pis-
HMX TUMIB KOMareHiB, NpuckoproBaTK abo CroBinbHIOBATK iX kaTaboniam, perynoBaTi akTUBHICTb (pepMEHTIB, Lo BepyTb yyacTb y Me-
Taboniami konareris. binbliCTb JOCNIAXEHVX CNOMyK peanisyloTb CBOK Ajl0 OAHOYACHO 3a KinmbkoMa mexaHismamu. Cepep HWX Han-
GinbLU NOLUMPEHMMY €: MPSMUIA BNIIMB PEYOBVHW Ha NPOLIECH eKCTPECii reHiB konareHy Ta Henpsamuin — yepe3 TGF-betal-wnsax. Kpim To-
ro, 4OCUTb MOLUMPEHOID € Perynsiuis CUHTe3y KonareHy 4Yepes 3MiHy 3anacis BiflbHUX aMiHOKUCIOT B OpraHi3aMi (K BUXigHWX CNomnyk Ans
CMHTe3y Lboro 6inka) i yepes perynsuito rigpokcmnas (Lo BMKOHYIOTb MOCTTPaHCNALNHI Moaudikauii konareHy Ta Noro 3LMBaHHS).
Kpim Toro, TGF-beta1 Ta iHWi unToKiHM MOXYTb BYTW 3any4deHi 4O y4acTi y npouecax perynsuii metaboniamy konareHy cnonykamm poc-
FIMHHOTO MOXO4XKEHHS. 30KpeMma, Liel MexaHi3M € XapakTepHuUM A TpUTepneHiB i iToecTporeHis. Taka pisHOMaHITHICTb MeTodiB pery-
nauii meTaboniamy KonareHis CTBOPIOE LUMPOKI MOXIMBOCTI AN PO3pOOKM HOBUX MpenapartiB Ha OCHOBI EKCTPaKTiB abo YMCTUX POCHNH-
HWX CNOMyK, 34aTHUX KOPUTyBaTW CTPYKTYPY KOnareHy Crnosly4Hoi TKaHUHU Ta MeTaboniyHi NopyLIeHHs 3 MiHiManbHUMK NobiYHnMK ede-
KTamu. MNprUHUMNOBO iHLWI MOXMMBOCTI BNAUBY POCMMHHMX OpraHiaMiB Ha KonareHu BigKpUBalTbCH 3 BUKOPUCTAHHAM reHeTUYHO Moau-
ikoBaHMX pocnuH. PekombiHaHTHI konareHn [aTb 3Mory oTpuMmyBaTy Ginku 3 HOBMMM 3anporpamMoBaHUMK BRACTUBOCTAMM, LLO
YMOXIMBIIIOE CUHTE3 BinkiB i3 3a3ganeriab 3agaHMmMy BNacTMBOCTAMW AN MEANYHMX NOTpeb.

Knio4yoBi cnoBa: pocnuHHi npenapatu; CTPyKTypa KonareHy; MeTaboniam konareHy; Kopekuisi mopyLleHb; peKOMOiHaHTHI konareHu.



