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Bacterial infections are a serious cause of high morbidity and mortality worldwide. Over the past decades,
the drug resistance of bacterial pathogens has been steadily increasing, while the rate of development of new effective
antibacterial drugs remains consistently low. The plant kingdom is sometimes called a bottomless well for the search
for new antimicrobial therapies. This is due to the fact that plants are easily accessible and cheap to process, while
extracts and components of plant origin often demonstrate a high level of biological activity with minor side effects.
The variety of compounds obtained from plant raw materials can provide a wide choice of various chemical structures
for interaction with various targets inside bacterial cells, while the rapid development of modern biotechnological tools
opens the way to the targeted production of bioactive components with desired properties. The objective of this review
is to answer the question, whether antimicrobials of plant origin have a chance to play the role of a panacea in the fight
against infectious diseases in the “post-antibiotic era”.
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INTRODUCTION

Since ancient times, people have used plants
and their derivatives for various purposes:
for cooking, making clothes and household items,
as well as for treating various diseases, including
infectious diseases. Perhaps the most striking example
of the “pharmaceutical history” of plants is quinine,
an alkaloid from the bark of the cinchona tree
(Cinchona spp.), which is widely known as an effective
antimalarial agent, but it was also used to treat other
infectious diseases such as pneumonia, typhoid fever,
and even common nasopharyngeal infections [1].
The history of two other alkaloids is no less bright and
dramatic: morphine from the opium poppy (Papaver
somniferum) was widely used in anesthesiology,
while atropine from belladonna (Atropa belladonna L.)
found greatest use in ophthalmology.

In the modern world, the above-mentioned
compounds have largely lost their importance,
giving way to more advanced drugs. However,
other phytoderivatives are still used in folk medicine,
often as adjuncts in addition to routine therapy.
Moreover, some commercial drugs used in modern
clinical practice have their origins in traditional
medicine of the past. One classic example is aspirin,
a derivative of salicylic acid found in significant
quantities in willow bark extracts, which were used
in ancient times as an antipyretic and antifever
agent [2, 3]. Well-known compounds derived from
plants that exhibit biological activity, particularly
antimicrobial properties, include, for example, allicin

(an organosulfur compound from Allium spp.
of the onion subfamily), piperine (an alkaloid from
the genus Piper L. of the pepper family), curcumin
(Curcuma longa of the ginger family), eugenol,
the main component of clove oil (Syzygium aromaticum,
or Eugenia caryophillis), chlorogenic acid from
the fruits of the coffee tree (Coffea L.), etc. [4, 5].

The therapeutic effect of the components of plant
raw materials is largely due to a mixture of compounds
known as secondary plant metabolites (SMPs).
SMPs are substances of varying chemical structure and
properties that are not necessary for the growth and
functioning of plants; they play an important role
in interspecific competition or protection from
herbivores and pathogenic microorganisms. To date,
about two hundred thousand SMPs have been
identified, and there are reasons to believe that this
number may be much higher. Many compounds still
escape the attention of researchers due to their very low
content or short lifetime in changing environmental
conditions [6—8].

The search for new SMPs that are promising
in terms of biological activity and, in particular,
antimicrobial potential, has recently acquired extreme
relevance due to the significant spread of drug
resistance of pathogenic microorganisms to routinely
used antibacterial drugs (ABDs) [5, 9]. It is particularly
interesting to explore the possibility of using SMPs
as both independent medicinal substances and adjuvants
that can potentiate the effect of antibiotics or improve
the condition of patients.
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1. SMP CLASSIFICATION

There is currently no unified approach to the SMP
classification. The principles of SMP classification
changed as these metabolites were studied and new data
accumulated. The most ancient method of classification
is based on certain properties of SMPs: for example,
essential oils are a group of volatile liquids with
a strong odor, alkaloids are metabolites with alkaline
properties, saponins are substances that form foam
(from Saponaria — soapwort), etc. From the point
of view of applied research, the most popular
approaches to classification are based on chemical
structure and/or methods of biosynthesis of compounds
(Fig. 1) [6-8, 10, 11]. Typically, three large groups
are distinguished: terpenoids, phenolic derivatives,
and alkaloids. Together, these groups account
for about 90% of all SMPs [11]. Minor groups
include saponins, lipids, essential oils, tannins,
and others [9, 10]. A classification method based
on the functions of secondary metabolites in the intact
plant is also considered. Among the functions of SMPs,
one can distinguish protective, attractive and others.
In general, the classification of phytoderivatives
is complex and is still in its infancy due to their
abundance and diversity

2. ANTIMICROBIAL POTENTIAL OF SMPs:
NEW PLAYERS VERSUS OLD TARGETS?

Modern scientific literature contains many
reports about the antimicrobial activity of SMPs.
Some examples are given in Table 1.

SMPs employ various mechanisms for their
action on microbial cells (Fig. 2). For different classes
of phytometabolites, disruption of the structure and
functions of the bacterial cytoplasmic membrane

was noted. These include impaired functioning
of efflux systems, complex formation with
membrane proteins, interruption of synthesis and
functioning of DNA or RNA, and prevention
of enzyme synthesis; induction of coagulation
of cytoplasmic components and interruption of cellular
communication (“quorum sensing”) [9, 46, 47].
For example, alkaloids interact with nucleic acids,
disrupting transcription and replication processes,
and also inhibit cell division [48, 49]. One example
is berberine, a known phytochemical agent
of the Berberis spp. alkaloid group; interacting with
S. agalactiae streptococci, it can seriously damage
the bacterial cell membrane structure and inhibit
protein and DNA synthesis [22]. The antimicrobial
activity of flavonoids is also associated with the effect
on the microbial cell membrane; these molecules
interact with membrane proteins on the bacterial cell
wall thus increasing membrane permeability [49, 50].
The bactericidal effect of terpenes and terpenoids,
as well as essential oils, is also based on the interaction
with membrane proteins [49, 51]. For example,
carvacrol and thymol, two of the most studied
monoterpenes, contained in common thyme
(Thymus vulgaris), are integrated into the membrane
due to their hydrophobic nature, impair its normal
functioning [34] and stimulate release of cellular
contents as it was demonstrated using SEM in a model
interaction with the E. coli lipid bilayer [52].
The main targets of plant quinones in microbial cells
are presumably cell surface adhesins, cell wall
polypeptides, and membrane-bound enzymes present
on the surface [49, 53].

SMPs can also influence key events
of the pathogenic process. For example, treatment
with  subinhibitory concentrations of thymol
or eugenol reduced production of a-hemolysin
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Figure 1. An example of SMP classification based on chemical structures or ways of plant metabolite biosynthesis.
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Table 1. The inhibitory effects of some SMPs on viability of clinically important human pathogens

Chemical The most
Compound class known Mechanism of action Antibacterial activity (MIC*, pg/ml)
plant source
. Prevention of biofilm Staphylococcus aureus (>1000) [12], (100) [13];
N Piper . . .
Piperine nirum formation; impaired efflux | Pseudomonas aeruginosa [14];
& pump functioning Mycobacterium tuberculosis (50—100) [15]
Impaired DNA synthesis;
Alkaloids membrane damage; S. aureus (MRSA) (256) [16], (64-256) [17, 18];
Berberis inhibition of protein Streptococcus pyogenes (80) [19];
Berberine vulearis synthesis; inhibition Salmonella typhimurium (900) [20];
g of biofilm formation; P aeruginosa (4 mM) [21];
impaired utilization Streptococcus agalactiae (0.78) [22]
of reactive oxygen species
Inhibition of superoxide Sh{gellaﬂ exne;jt (500) [23];
. . . Shigella sonnei (500) [24];
dismutase; impaired
Syzygium membrane permeability; 8. aureus (21024) [251];
Eugenol VEVEI . . p V> | Helicobacter pylori (2) [26];
aromaticum | impaired efflux pump .
e Salmonella typhi [27];
functioning; inhibition o .
of biofilm formation Escherichia coli (>2000) [28];
P. aeruginosa (150-300) [29]
Yersinia enterocolitica [30];
Inhibition of biofilm Salmonella enteritidis (2 mM) [31];
Chlorogenic acid Coffea L. formation, impaired S. aureus (40), Streptococcus pneumoniae (20),
membrane functioning Bacillus subtilis (40), E. coli (80), Shigella
dysenteriae (20), S. typhimurium (40) [32]
Inhibition of biofilm
g |t oo 5, 053
Carvacrol Phenols 18 . ¢ purmp & s aureus, P. aeruginosa (7) [33];
vulgare impaired membrane :
.. Salmonella enterica [34]
functioning; interference
with QS-processes
Inhibition of biofilm
and capsule formation;
impaired efflux pump Clostridium difficile (4-32) [35];
. Curcuma L . . .
Curcumin lonea functioning; impaired Klebsiella pneumoniae [36];
8 bacterial adhesion; P, aeruginosa (25-100) [37]
influence on gene
expression
Inhibition of biofilm
Vitis formation; impaired E. coli (1300) [28], (456) [38];
Resveratrol . efflux pump functioning; | Campilobacter spp. (313) [39];
vinifera .
interference S. aureus [40]
with QS-processes
Inhibition of DNA gyrase;
inhibition of alpha-toxin | S. aureus (32-64) [41];
.. . Allium synthesis (S. aureus); P aeruginosa [42];
Allicin Sulfoxides sativum inhibition of biofilm Acinetobacter baumannii (16), K. pneumoniae (128),
formation; interference S. pneumoniae (32, 64) [43]
with QS-processes
Cell wall and cell
membrane damage;
. . .| Quercus decreased ATPase activity; | S. aureus (75), E. coli (300), H. pylori (100-200) [44];
Quercetin Flavonoids |, . inhibition of biofilm S. typhimurium (250) [45]

formation; interference
with QS-processes

*MIC is minimal inhibitory concentration expressed in pg/ml (except other units are shown in parenthesis)
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Figure 2. Possible ways of SMP action on the microbial cells.
and staphylococcal enterotoxins A and B ®
in susceptible and methicillin-resistant (MRSA) @) totarol or
isolates of Staphylococcus aureus [54, 55]. Different [ @ J Lp iLLséﬂﬂF‘
studies have obtained similar results demonstrating i
a decrease or even inhibition of the production @
of staphylococcal a-hemolysin after treatment with @ %
allicin [41], the alkaloid capsaicin from hot peppers @ bump

of the genus Capsicum L. [56], the flavonoids farrerol
(Rhododendron L.) [57] or gallate epicatechin [58].
Allicin, the main biologically active component
of garlic, has been shown to effectively neutralize
the toxin pneumolysin, one of the key virulence factors
produced by S. pneumoniae [59].

A separate issue is the SMP ability to inhibit
growth of drug-resistant bacterial strains (i.e. the strains
with already formed resistance to routinely used
antibiotics). A bacterial cell has many ways to protect
itself against antibacterial agents. These include
modification of molecular targets of the antibiotic
action, active removal of antibacterial preparations
from the cell (efflux) or their enzymatic inactivation,
as well as formation of stable microbial communities,
biofilms, which impede contacts of the antibacterial
agent with the bacterial cell. Certain evidence exists
that some phytocompounds are able to overcome
pathogen defense, for example, by “turning off”
the efflux pumps. It has been reported that extracts
of many medicinal plants, possessing antimicrobial
potential, contain membrane pump inhibitors,
including piperine, the flavonoid quercetin,
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resveratrol, etc. [60, 61]. These compounds can block
a channel, involved in the process of substrate
removal. For example, totarol, a diterpene from
Podocarpus totara, acts as a competitive inhibitor
of the S. aureus NorA pump [62, 63] (Fig. 3).
In addition, polyphenol molecules can bind
to the structure-forming proteins of the channel,
causing conformational changes and blocking
its operation [64].

Many studies have been undertaken to investigate
the possible impact of SMPs on bacterial biofilms:
complex  structures that promote  survival
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of microorganisms in unfavorable environmental
conditions (including the antibacterial pressure).
A number of phytometabolites have been identified
that can control biofilm formation. For example,
phenylpropanoids such as eugenol and cinnamaldehyde,
terpenoids (thymol and carvacrol), betulinic and ursolic
acids, alkaloids such as berberine, indole or chelerythrine
found in celandine (Chelidonium majus), and other
plant-derived compounds exhibit significant activity
against biofilms formed by P aeruginosa [65-69],
K. pneumoniae [70, 71] or S. aureus [72-74],
both growing and already formed. It is suggested
that the SMP action is realized in various ways,
such as disruption of cell coaggregation, inhibition
of their motility or inactivation of bacterial
adhesins [28, 75], as well as disruption of intercellular
communications (“quorum sensing”). The latter is worth
to consider in more details. Quorum sensing (QS)
is a complex system that regulates intercellular
communication in microbial populations, and the ability
to interfere with QS (and thus interrupting bacterial
communication) would open new therapeutic
prospects. A number of SMPs have been identified
that reduce the expression of genes mediating QS
in P. aeruginosa, including the organosulfur ajoene
from garlic or the isothiocyanate iberine from
horseradish [76, 77], sulforaphane found in cabbage
(Brassica oleracea), [78], flavonoids naringenin,
taxifolin [79], and quercetin [80]. It has also been
shown that caffeine exhibits anti-QS properties
against P. aeruginosa by inhibiting production
of N-acyl homoserine lactone (AHL) signaling
molecules [81]. Similar observations have been also
reported for other pathogens [82].

3. STAPHYLOCOCCUS AUREUS
IN A JAR WITH GARLIC: DEVELOPMENT
OF DRUG RESISTANCE TO SMP

Perhaps the most interesting question is whether
and how quickly bacterial resistance to plant-derived
antibacterials will develop?

As in the case of microbial antibiotics, some
microorganisms may demonstrate insensitivity
to phytomedicines or their components, possibly being
naturally resistant to them. For example the authors [83]
demonstrated that extracts of Terminalia arjuna
and Eucalyptus globulus plants suppressed growth
of S. aureus, E. faecalis, and S. mutans
but not E. coli, K. pneumoniae, P. aeruginosa, and
S typhimurium. Moreover, using E. coli as an example,
it was demonstrated that the minimum inhibitory
concentration of phytoextracts of plants such as
Acacia nilotica, Syzygium aromaticum or Cinnamomum
zeylanicum against this bacterium was significantly
higher in the case of hospital-acquired multi-resistant
strains of E. coli than in community-acquired ones.
Some bacterial strains (e.g. Staphylococcus spp.,
Enterobacter cloacae, Bacillus spp. or Erwinia spp.)

have been isolated during microbiological studies
of plant products such as garlic, onion, ginger,
rosemary or mustard powder, which are supposed
to have strong antibacterial properties [84, 85].

The details of the process by which microorganisms
develop resistance to SMPs have so far been studied
sporadically. There is a viewpoint that the development
of resistance to phytomedicines occurs slowly,
or at least the level of resistance to SMPs
is still low [47]. However, taking into consideration
the fact that many plant components are currently
actively used in food products, in “non-traditional” or
alternative medicine, as well as in the production
of cosmetics, it can be assumed that the spread
of strains resistant to “medicines of plant origin”,
as in the case of traditional antibiotics of microbial
origin, is only a matter of time.

There is, however, another side to the coin.
It is known that the positive therapeutic effect
of crude plant extracts, used for centuries
in folk medicine, is often determined by the combined
or synergistic effects of many SMPs aimed
at various targets in the bacterial cell rather than
by action of one biologically active compound.
This means that one would expect that
the development of bacterial resistance to such
synergistic compositions would occur more slowly
than to individual compounds [49].

4. ALONE IN THE FIELD IS NOT A WARRIOR?
SYNERGISTIC INTERACTION OF METABOLITES
BETWEEN THEM OR WITH TRADITIONAL ABPs

As mentioned in the previous section, a single
phytocompound that exhibits a high level of bactericidal
activity has the potential to stimulate the development
of drug resistance in microorganisms. However,
in a mixture (extract), SMPs can potentiate actions
of each other thus enhancing the overall bioactivity
of the phytomedicine [49, 86]. Indeed, it has been
repeatedly demonstrated that isolating individual
phytochemicals from a plant extract results in a loss or
reduction of the overall effect. One good example
is the work [87], which compared the minimum
inhibitory concentration of one of the most
popular dietary supplements — oregano essential oil
(from Origanum vulgare L.), and its two main
components — thymol and carvacrol, as well as their
mixtures for P. aeruginosa and S. aureus strains.
The antimicrobial properties of the oil, as well
as the additive antimicrobial effect of the mixture
of carvacrol and thymol, were higher than for either
of these two components used separately [87].
Also, a potentiation effect may occur when SMPs
are combined with routinely used antibiotics [88, 89].
Table 2 shows examples of synergistic combinations
of SMPs and antibiotics, illustrating a certain
decrease in the inhibitory concentrations as compared
to antibiotics without phytometabolites.
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Table 2. Examples illustrating synergistic interactions between SMPs and ABDs

SMP ABD MIC (ABD), pg/ml | MIC decrease Pathogen
o Tetracycline 200 4-8-fold E. coli (MDR) [90]
Piperine
Gentamycin 32 4-fold S. aureus (MRSA) [13]
Eugenol Tetracycline 128 4-fold S. aureus [91]
Amoxicillin 16 4-fold Amoxicillin-resistant strain of S. epidermidis [92]
Quercetin —resi ; i
Meropenem 128 4fold Carbapenem. .re51stant strains of P. aeruginosa and
A. baumannii [93]
Rifampicin >256 4-fold S. aureus [94]
Tetracycline 256 4-fold Enterococcus faecium [91]
Carvacrol -
Tetracycline 128 2-fold S. aureus [91]
.. Levofloxacin, .
Allicin ceftriaxone 256 2-fold Shigella spp. [95]
Mechanisms of the synergistic interaction the clinical effect [97-99]. The search for effective

between SMPs and antibiotics are diverse, and their
study continues. It is clear that knowledge of these
mechanisms would culminate in developments
of new ways to fight against rapidly growing
populations of multidrug-resistant pathogens, thereby
reducing the overuse of antibiotics and their side effects.

5. “PHYTOANTIBIOTICS”: A STEP INTO
THE MEDICINE OF THE FUTURE
OR AN ETERNAL BENCH?

For centuries, people have used the healing
power of plants for medicinal purposes. Components
extractable from plants by using extraction, infusion,
distillation, digestion, and other methods available
in ancient times always represented a complex
mixture of many compounds, and it was impossible
to control their ratios. The therapeutic effect of such
drugs was weak and often unpredictable, depending
on the synergistic interaction of individual components
and the presence of some substances in extremely small
quantities in these mixtures [96].

Less than a century ago, people received serious
support in the war against infectious diseases
in the form of highly effective antibiotics of microbial
origin. However, this powerful weapon contained
“a built-in mechanism of self-destruction”: increased
drug resistance in bacteria led to a crisis in the treatment
of infectious diseases after just a few decades of using
antibacterial drugs.

In the “post-antibiotic era,” it seems logical
to return to the centuries-old experience of using
an endless supply of plant natural resources.
The 21st century science is offering new approaches
to detect and identify even ultra-small amounts of SMPs
produced by plants. Modern instruments make
it possible not only to detect a new compound and
elucidate its structure, but also to accumulate
the substance in the amounts necessary to determine
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approaches to the production of drugs based on plant
raw materials includes two pathways. The first involves
the development of high-tech methods for extracting
SMPs from plant materials [100]. In contrast
to traditional resource- and energy-consuming
techniques that require time and significant consumption
of solvents, modern innovative technologies
are based on extraction with supercritical fluids [101]
or membrane extraction [102], the use of microwave or
ultrasonic energy [103], separation in a high-voltage
electric discharge or pulsed electric field [100, 104].
Another rapidly developing area includes
biotechnological methods that make it possible
to modify a plant to produce a large number of SMPs
of interest with potential biological activity.
This creates conditions to produce high quantities
of compounds that normally exist in plants
in low and very low concentrations. Currently, plant
cells, tissues, and organs are grown in specially
created bioreactors, known as “green factories”. Such
technologies for growing plants in vitro are considered
as cost-effective and environmentally friendly
alternatives to collecting wild biomass for processing
and production of phytomedicines [100, 105, 106].
An absolute advantage is the complete independence
of the bioprocess from seasonal and geographical
conditions [97].

Isolation, purification and careful characterization
of potential bioactive metabolites from crude plant
extracts are important steps in this process. Modern
developments in analytical chemistry, such as
mass spectrometry complemented by gas/liquid
chromatography or capillary electrophoresis and
nuclear magnetic resonance (NMR) spectroscopy,
have led to the development of highly efficient tools
for analyzing the plant metabolome [98, 107, 108].
The final step is to screen the bioactivity of the isolated
and characterized compounds in cell lines or animal
models to evaluate the pharmacological potential
of the candidate compounds.
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Finally, another important area of research
is the structural modification of natural phytocompounds
with potential biological activity to develop
new compounds with desired properties. Chemical
modification allows not only to increase the activity
of natural SMPs, but also to improve their selectivity,
stability or solubility [109].

CONCLUSIONS

The growing resistance of bacterial pathogens
to routinely used antibiotics underlies importance
of the search for new effective antibacterial agents.
Over the past two decades, it has become clear
that overcoming antibiotic resistance through
the development of increasingly powerful antibiotics
based on already known classes of chemical
compounds can results only in limited and temporary
success; moreover it can contribute to the further
development of even higher bacterial resistance. In this
context, the plant world appears to be an endless source
of new potential inhibitory agents that is unlikely
to be rapidly exhausted. Plant raw materials
are cheap and available; extracts or even individual
phytocompounds often exhibit broad spectrum activity
against pathogenic bacterial species; they rarely have
serious side effects in humans, and sometimes exhibit
immunomodulatory properties. The variety of chemical
structures that can be obtained from plants can satisfy
numerous requests for both new mechanisms
of antimicrobial action and new targets inside
the bacterial cell, and the rapid development of modern
biotechnologies opens the way to get bioactive
compounds in environmentally friendly and low-toxic
ways. Advances in bioscreening make it possible
to detect pharmacologically attractive phytometabolites
even at extremely low concentrations, and modern
methods of computer modeling and organic synthesis
promote optimization of the chemical structure
of potentially promising compounds to improve their
properties and reduce toxicity.

The medical practice of the present and future
needs new effective antibacterial drugs, and the plant
kingdom is basically ready to satisfy these needs.
Various combinations of plant-derived metabolites
with routinely used antibiotics are being developed and
this appear to be more optimal than individual SMPs,
even with a high level of biological activity.
Indeed, it has been repeatedly shown that
combining antibiotics with SMPs or plant extracts
leads to enhanced pharmacological properties with
simultaneous reduction of probability of dose-related
toxicity. It can be assumed that the number of such
studies will only increase in the near future.
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BTOPUYHBIE METABOJIUTHI PACTEHUI Y UX BO3MOKHAS POJIb
B “3MOXY CYNNEPBAKTEPUIA”

B.M. Hecmeposuu', /I.A. benvix', H.B. I'opoxoeey’, /. K. Kypoamoé’, A.A. 3amamnun™’, JI. H. Hkpannukoea'*

'TlepBbiii MOCKOBCKHI TOCYIapCTBEHHBIN MEIUIIMHCKHIA yHUBEpcuTeT uM. .M. CedeHoBa
(Ceuenosckuii yuusepeuter), 119991 Mocksa, yi. TpyOernkas, 8/2; *an. moura: larisa.ikryannikova@gmail.com
*TroMeHCKHi rocynapcTBeHHbIN yHuUBepcutTeT, 625003 Tromens, yi. Bonogapckoro, 6
*MoCKOBCKHUH TOCyJapCTBEHHBINH yHUBepcUTeT UMeHH M.B. Jlomonocosa, 119234 Mockaa

bakrepuanbHble WHOEKIUH SBISAIOTCA CEPbE3HOM NMPUYMHON BHICOKOH 3a00JIeBa€MOCTH U CMEPTHOCTH
BO BCEM MHpe. 3a MOCIEOHUE NECSTHIICTHS JIGKapCTBEHHAs YCTOHYMBOCTDh OaKTEpHATBHBIX IAaTOTCHOB HEYKIOHHO
BO3PACTaeT, B TO BpPeMs KaK CKOPOCTh Pa3paOOTKH HOBBIX 3((EKTHBHBIX aHTHOAKTEPHAIBHBIX MPENapaToB OCTAETCs
CTaOMIbHO HEBBICOKOH. llapcTBO pacTeHmil MHOTIA Ha3bIBAIOT OE3MOHHBIM KOJIOALEM JUIS TIOMCKA HOBBIX CPEICTB
MPOTUBOMHUKPOOHOW Tepanmuu. JTO CBA3aHO C TEM, 4YTO PACTEHHMs JIETKONOCTYNHBI W JEHMIEBHI B IepepadoTke,
a OKCTPAaKThl M KOMIIOHEHTBHI PACTUTEIBHOrO MPOUCXOXKIEHHUS YacTO JEMOHCTPUPYIOT BBICOKHH YpPOBEHb
OMOJIOrMYECKOW AaKTMBHOCTM IIPM HE3HAYMTEIbHBIX IMOOOYHBIX »ddekrax. MHoroodpasne NOITYYEHHBIX
W3 PacTUTENBHOTO CHIPHSI COSANHEHUI CIIOCOOHO 00ECeYnTh BEChMa IIMPOKUI BBHIOOP pa3HOOOPA3HBIX XUMUYECKUX
CTPYKTYP JUTA B3aUMOACHCTBHUS C PA3TMYHBIMU MUIICHAMH BHYTPH OaKTEpHATbHON KJICTKH, & CTPEMUTEIBHOE Pa3BUTHE
COBPEMEHHBIX OMOTEXHOJIOTHUECKUX WHCTPYMEHTOB OTKPBHIBAET IMYTh K HAIIPABICHHOMY MOIYyYCHHUIO OMOAKTHBHBIX
KOMIIOHEHTOB C JK€JIaeMBIMM CBoOiicTBamu. 3ajadell JaHHOrO 0030pa CTal OTBET Ha BONPOC, UMEIOT JIM INAHC
MPOTUBOMUKPOOHBIE Mpernaparbl paCTUTEIBHOTO TPOMCXOXKICHHUS ChITPaTh POJIb MaHaneH B 00ph0e ¢ MHPEKINOHHBIMH
3a00JIEBaHUSIMU B “3IIOXY HOCT-aHTHONOTHKOB”.

Tonuwiii mexcm cmamuvu Ha PyccKoM A3viKe 0ocmynel Ha cavime xcypuana (hitp://pbmce.ibmc.msk.ru).

KoaroueBbie cioBa: BropuuHble Merabonutsl pactenuii (BMP); duronpounsBonHble; JiekapcTBEHHAs! YCTOHYUBOCTD;
OakTepuasbHbIEC MAaTOTeHbl; aHTUMUKPOOHBIE CBOICTBA
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