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The objective of this review was to analyze the results of electrophysiological studies of some
biologically active chemicals in order to determine relationships between their chemical structures
and effects that they produce. It was proposed to use these relationships to improve the logical
module of biotechnical expert system that works using a module principle based on object-oriented
and regression analysis. The data of electrophysiological studies of glutamatergic receptor
antagonists, phenol- and indole-derivatives, purified from the spiders’ venoms of Arthropodae
species were analyzed in this work. Some characteristics of receptor blocking by these toxins have
been used to demonstrate empirical relationships between the chemical structures of antagonists and
their electrophysiological effects. Possibilities to apply such relationships for monitoring of harmful
environmental pollutants, phenol- and indole derivatives, as well as for developing new methods of
their qualitative and quantitative analysis are discussed.

Key words: toxins, receptor antagonists, transmembrane electric current, biological expert sys-

tems, electronic informational systems, bioinformatics.

Devices with automatic recognition
of different objects are very actual in
contemporary world [1]. Among them
there are the large group of biotechnical
information systems (IS) and devices for such
tasks solution [1-12]. In our publication our
developed electronic expert system (ExpS)
was described for the registration and
identification of the toxic organic substances,
for example, in polluted environment
with anthropogenic pollution: industrial,
agricultural, military, due to the disasters
and soon [11]. Here the continuation of these
works is suggested. The works done were
devoted to further perfection of logical unit
of this biotechnical expert IS. In computer
sciences the expert systems were studied

usually together with knowledge bases as
models of experts’ behavior in a certain
field of knowledge using the procedures of
logical conclusion and decision making [1].
Knowledge bases, consequently, were seen as
a set of facts and rules of logical conclusion in
the chosen subject area of activity.

The suggested expert system obtains input
signals with characteristics of different chemical
substances and its logical unit solves the task
of these substances identification (Fig. 1) [11].
This information expert system is aimed at
distinguishing and identifying chemicals in
contact with the detectors of this system that
was patented [7, 11]. The architecture of this
device was developed, the framework of the
information expert system was created, and



BIOTECHNOLOGIA ACTA, V. 12, No 5, 2019

its logic module identifies chemicals using
the developed algorithm. The base of such
algorithm may be formed by the following
groups of methods: 1) statistical analyses
[1, 2]; 2) methods of cluster analyses [1, 4];
3) artificial neuronal network methods [1, 3];
4) images processing [1, 5] and analyses
as well as 5) substances identification
using established qualitative empirical
dependencies including ones based on the use
of regression analyses methods. Such methods
are successful likewise for biological objects
analyses despite all the difficulties — their
complexity, necessity of preliminary statistic
processing of results, etc.

If necessary, the logic unit algorithm can
be changed (or modified) without changing
the system framework. From the point of view
of software development, a software module
was developed basing on approaches of object-
oriented analysis. In the present work, it is
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proposed to pick up the last way as the basis
of the logic module algorithm — using the
empirical dependencies registered by Klyuch-
ko O. As a demonstration of the developed
method, the article presents its application to
a number of active chemical agents.

Indeed, this is an attractive solution —
to find a rule, a regularity which helps to
“make a bridge” between “structure” and
its “function”, to find co-relations between
characteristics of input signals in ExpS and
chemical structures that have to be identified.
Studying the experience of different chemicals
electrophysiological investigations we had
found a set of substances that may be suitable
for such tasks solutions [13-107]. There
are the experiments of electrophysiological
investigations of some Arthropodae toxins.
Indeed, some of these studied toxins had
known chemical structures. Besides they have
revealed electrophysiological activity, for

Databases

in Intemet and local
nebworks

Fig. 1. Biotechnical expert system
Above: an algorithm of functioning of the expert system with the logical unit, the output data recording
and the work of linked alarm subsystem. Below: interface for operator communication with expert analytic
system; view of monitor screen (comments and instructions were written in Ukrainian for domestic
use of device) [11]
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example the toxins from the spiders Nephila
clavata (JSTX-3 and others) and Argiope
lobata (AR, ARN-1, ARN-2 and others) are
known as antagonists of glutamate channel-
receptor complexes (gCRC, CRC) in cell
membranes. Chemical structures of these
toxins are known: JSTX-3, AR are phenol
derivatives, and ARN-1, ARN-2 are indole
derivatives (Fig. 2)[33, 55—67]. The reactions
of gCRC blocking by these toxins can be well
studied using sodium salt of kainic acid
(KK) that is agonist of gCRC causing non-
inactivated transmembrane electric currents
(KK-activated electric currents), so, the
kinetic characteristics of blocking (modifying)
effect can be studied well.

Electrophysiological effects of all studied
toxins can be registered successfully on these
non-inactivated KK-currents as exponential
dependencies and they have well registered
numerical characteristics. So, these sub-
stances have a set of their peculiarities that
makes them attractive for the studying and
our tasks solution.

Logical module: finding of empirical
dependencies “effect” — “structure”. In recent
decades in neurophysiology, some researchers
studed the influence of various chemical agents
including organic compounds (derivatives
of phenols and indoles) on transmembrane
electrical chemo-activated currents. Huge
amount of experimental results have been
accumulated in this direction [13-107].
Among them there are the classic monographs
by Prof. Kostyuk P. G. [68], Kryshtal O. A.
[68], Magura I. S. [73], Skock V. 1. [91], other
researchers [13—-67, 69-72, 74-107]. This
huge experimental material allows us to make
a number of generalizations that we will try to
carry out basing on the results of the author’s
researches with colleagues [17, 48—67].

This enables us to solve the inverse
problem, namely, the possibility to determine
the approximate chemical structure of organic
compound acting on the chemosensitive
currents from the measured numerical
characteristics of the currents (the “effect” —
“structure” dependence study). And herein
lies the difference from the direct problem —
under the action of chemical compound with
the known structure on the ionic currents
the obtained effect is investigated (study of
dependence “structure” — “effect” ).

To find to find the inverse problem
solution, we studied the characteristics of
chemosensitive transmembrane ionic currents
depending on the influence on them of phenols

and indoles derivatives with known structure,
namely the toxins of some Arthropodae
species.

Empirical dependencies “effect”
“structure” were studied on the basis
registered experimental data and their
processing using the methods of regression
analyses, other types of analyses. Empirical
diagrams were done and they characterized
such dependencies. In such a way the new
methods of qualitative and quantitative
analyses were developed [61—-64].

Some of these works were described below.
We suggested: 1) brief review of some known
methods of qualitative and quantitative
analyses for phenol and its derivatives
identification [108—111]; 2) the review of
investigations of toxins from N. clavata
(JSTX-3 and others) and A. lobata (AR,
ARN-1, ARN-2 and others); 3) results of
these toxins studying that demonstrate the
regularities between their “structure” and
“function” [61-64]; and 4) conclusions — how
to use these regularities for the perfection of
logic unit in our biotechnical expert system.
The author’s results with inventions of new
methods of qualitative and quantitative
anaysis were supported by patents [46-5T7],
as well as original biotechnical expert system
[560]. Concerning the item of this article it is
necessary to mention that in our previous
publications we had written briefly about
contemporary computer information systems
[1-12] with expert subsystems [11], as well
as about mathematic tools used for expert
systems’ construction [1-6]: methods of
artificial neural networks [1, 3], methods of
cluster analyses [1, 4], methods of images
processing [1, 5]. Additional necessary data
both experimental and theoretical were used
for the work in [112-140].

Some methods of qualitative and
quantitative analyses for phenol and its
derivatives identification. A number of
such methods for phenol and its derivatives
identification is suggested in this sub-
chapter.

A. Method of quantitative determination
of mezaton, other phenol compounds was
invented in Ukraine [108]. This method was
applied for quantitative analyses of phenol
compounds [108] in pharmacology with
the use of diazole salts, as highly sensitive
analytical color agents, by analyzing the
optical characteristics of electronic absorption
spectra, methods of spectrophotometric
determination of medicinal substances.
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B. Method for preparing phenolic
compounds and their identification was
protected by USA patent [109] A method
for preparing a phenolic compound has been
invented. The method includes providing
a lignin depolymerization product, and
hydrogenating the lignin depolymerization
product under iron oxide and hydrogen gas to
prepare a phenolic compound. The prepared
phenolic compound is a crude phenolic
composition including phenol, methylphenol,
dimethylphenol or a combination thereof.
The methods of gas chromatography —
mass spectroscopy (GC-MS) were used
for quantitative determination of phenol
compounds.

C. Another USA patent for industry
“Clear tobacco aroma oil, a process for
obtaining it from a tobacco extract, and its
use” is in [110]. Ther method of qualitative
analyses of phenolic compounds is known.
The invention relates to a process for
obtaining aromatic materials from a tobacco
extract (primary extract) obtainable by
means of solvents, by mixing this tobacco
extract with an adsorbent, treating the
mixture obtained with CO, in a pressure
extraction vessel under extraction conditions
(secondary extraction) and isolating a
clear tobacco aroma oil in a downstream
separating vessel. The invention also relates
to a new tobacco aroma oil which is free of
resins, waxes and polyphenols and has a
considerably reduced nicotine content. The
invention further relates to the use of the
obtainable tobacco aroma oil for aromatizing
tobacco or tobacco products. To determine
the compounds of phenol (nicotine) in the
formed mixtures, spectrophotometric
methods were used.

D. Method for phenol determining in
aqueous media was invented in Russia.
There is a method for determining of phenol
in aqueous media [111]. This invention
relates to the determination and sanitary-
and-epidemiological control of the content
of phenol in drinking, natural and sewage
waters, as well as in atmospheric rainfalls.
The method includes chemical modification
of phenol in 2,4,6-threebromophenol,
and further extraction concentration of
2,4,6-threebromophenol and subsequent
gas chromatographic detection, and before
chemical modification from the aqueous
sample the humus acids on aluminum oxide
are removed in the presence of cuprum
sulfate in quantities of 0.05-0.25% of the
weight of the water sample. The invention

8

relates to the analytical chemistry of
organic compounds (concentration and
determination).

The disadvantages of all these above
described methods are that they all can not
be applied to such compounds of phenol
whose chemical structure is destroyed at
significant deviations from living conditions
(temperature, pH, humidity, etc.), for
example, to study the phenol compounds
in living organisms. Our methods had no
these disadvantages, they are grounded and
described below, and they were protected
by patents of Ukraine [61-64]. As chemical
substances for logical module programming
in our biotechnical expert system following
substances (toxins) were used: JSTX-3 (from
N. cavata venom) and AR, ARN-1, ARN-2
(from A. lobata venom).

The reason of used toxic organic
substances selection. For logic module
programming in developed expert system
we needed in substances with physical (or
biophysical) properties that depend on
chemical structures or organic molecules
detected by the sensor of this system. Taking
the neuronal membrane as the element
of sensor we registered transmembrane
electric currents at input of this system.
The sensitivity of glutamate CRC (gCRC)
with kainat (KK) as agonist gave a bright
possibility to register the kinetic and other
characteristics of toxins blocking action at
the stationary KK-activated currents. Than
it gave a possibility to calculate further all
other parameters, to find the relations and
regularities between them necessary for
logic unit functioning. This scheme suggests
following advantages.

1. Electric currents — responces in
described biophysical system are well
combined, fit into the electrical circuit of
the electronic recording system, which is
important for the normal its functioning.

2. Kainat (KK) as gCRC agonist gives
a bright possibility to register toxins’
blocking (or modificatory) kinetics and
other biophysical characteristics well at the
stationary KK-activated currents.

3. Studied Arthropodae toxins are
organic substances with relatively small
molecular weight (in comparison with snakes’
and some other toxins); they have known
chemical structure; they all are phenol or
indole derivatives with polyamine radicals
(substituents) — linear or branched.

4. Main mechanisms of their interaction
with the molecules of membrane CRC have
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been already studied; they all have irreversible
or sightly reversible type of the action.

5. Due to 2, 3, 4 it is possible to reveal
satisfactory co-relation between obtained
experimental data (and related calculated
characteristics) and molecular structures of
studied substances.

6. Finally, basing on the abovelisted, we
tried to find the regularities between “chemical
structures” and their “effects” necessary for
our logical module good functioning.

So, below in the next sub-chapters there is
a review of the studies of electrophysiological
properties as well as chemical structures of
JSTX-3, AR, ARN-1, ARN-2[13-107].

Basic studies of blocking effects of
Atrhropodae venoms and toxins. In the next few
sub-chapters we would like to concentrate our
attention on toxins and venoms of two spider
species — N. clavata and A. lobata, they become
known due to the properties of their venoms as
antagonists of glutamatergic synapses, they
were used successfully for electrophysiological
experiments, for investigations of membrane
structures from the late 1980, In our
previous publications we had written already
about different Arthropods’ venoms and toxins
[17, 46, 49, 50, 51, 58-67]. Let’s observe so
important electrophysiological properties of
N. clavata and A. lobata products in details.
In present publication we would like to give
more information on experimental studies
of glutamate receptors antagonists from
Araneidae, namely spider species N. clavata
and A. lobata; these spiders are known as good
producers of venoms and toxins for laboratory
practice. Further we would like to compare
some electrophysiological properties for the
pairs: venom from N. clavata (JSTX-V) with
toxin JSTX-3, and venom from A. lobata (AR-V)
with toxin argiopin (AR). It is known that the
studying of different natural toxins for the
purposes of neurophysiologic investigations
were demonstrated in details in classic
monographs by professors Kostyuk P. G.,
Krishtal O. A., Magura I. S., Skock V. I., and
others [68, 73, 91]. Later these investigations
were continued by representatives of their
scientific schools in collaboration with foreign
colleagues [17, 46]. For today the results of
the studying of some toxins from Arthropodae
(including Araneidae toxins) as well as
other similar phenol and indole derivatives
were applied in agriculture [16, 20, 29, 59],
and in methods of ecological monitoring of
environment [38—57]. Because of importance
of results of Arthropodae venoms and toxins
studying and their applications [31-47,

70-107] in our review below the data from
fundamental works of different authors who
studied such venoms and toxins were given. In
some of these works the results of arthropods’
toxins chemical structures studying have been
described [32, 33, 38, 45, 47, 50].

A. Basic studies of blocking effects
of Nephila clavata venom and its active
components — toxins of JSTX family. The
first studies of the actions of N. clavata venom
and obtained from it active component —
toxin JSTX were done in Japan on 1982.
For today glutamate receptors antagonists
from N. clavata — venom and its elements —
toxins from JSTX family — are seen as
excellent tools for laboratory investigations
in the whole world; these toxins include
fragment of 2,4-dihydroxyphenyl acetic
acid (DHPA) or its derivative binded with
asparagin (DHPA-Asp) [50, 51]. But at the
beginning, in early 1980-th, the chemists and
biochemists obtained from N. clavata venom
only one active toxic fraction that was called
JSTX; later few such electrophysiologically
active toxic fractions were subdivided from
this venom [51]. The first experiments with
the use of microelectrodes have demonstrated
that JSTX-3 blocks specifically glutamatergic
synapses in lobster muscles [40, 41], stellate
squid ganglia [42—44, 88], and in the central
nervous system (CNS) of mammals [42, 43,
88]. In all these experiments toxins of JSTX
family blocked both excitatory postsynaptic
potentials (EPSP) and potentials caused by
ionophoretic application of glutamate (Glu)
without the influence on inhibitory potentials
(IPSP). The rest potential of presynaptic
membrane remained constant until and
after the action of toxin. The washing of
JSTX even for a long time did not caused the
EPSP restoring, that means that the toxin in
postsynaptic membrane binds irreversibly and
strongly to the glutamate channel-receptor
complex (CRC).

The results of experiments had
demonstrated that JSTX acts on the post-
synaptic membranes. Antidromic potentials of
action, registered on the squid giant axon [42,
43, 88] were insensitive to JSTX.

In addition, JSTX did not act on
presynaptic potentials in a giant squid
synapse [42, 43, 88]. Intracellularly registered
spikes in lobster neuromuscular terminals
also were insensitive to JSTX [13, 40, 41]
and antidromic action potentials registered
on pyramidal neurons of the hippocampus
[88]. The quantum composition of mediator
released in neuromuscular lobster junction
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and its change under the action of JSTX
were studied. It was revealed that under
the action of JSTX it was not changed [80,
81]. During the intracellular registration
from the nerve terminals of neuromuscular
lobster junction, the changes in the membrane
potential were recorded under the action of
glutamate. However, these responses also were
insensitive to JSTX [80, 81]. Based on these
studies, it was concluded that JSTX blocks the
transmission in glutamatergic synapses being
bonded to glutamate CRCs in the postsynaptic
membrane.

Later it has been found that JSTX affects
not only the glutamate receptors of the post-
synaptic membrane, but also the mechanism
of glutamate reuptake. Both JSTX and
a fragment of its molecule DHPA-Asp
inhibited both sodium dependent and sodium-
independent binding of marked glutamate
to synaptosomes in rat brain [84—86]. The
inhibition and binding of glutamate of both
types was practically complete and depended
on toxin concentration.

Already in the early work a number of
quantitative characteristics of JSTX blocking
action were obtained. On the neuromuscular
lobster junction it was shown [13, 42, 43] that
this toxin blocked the EPSP irreversibly in
concentration that exceeded 10% units/l. At
lower concentrations it could be removed by
washing. Within the limits of concentrations
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107*-1072 units/1 this toxin acted in dose-
dependent manner, and the degree of EPSP
suppression was the greater, the higher its
concentration was. The speed of blocking
depended on the concentration of toxin. The
constant rate of EPSP amplitude decrease was
directly proportional to the concentration of
toxin: the higher toxin concentration was, the
faster EPSP was blocked. The process of EPSP
amplitude reducing could be described by one
exponent [88].

The results of all experiments were
analyzed to determine whether JSTX blocks
ion channels of glutamate CRC (1987) [80,
81]. The effective JSTX concentrations were
found to be slightly lower than those for
channel type blockers. The phase of EPSP
decrease in lobster muscle was described
by one exponent and it does not depend on
JSTX. Other channel blockers affect the
EPSP decreasing them, evidently changing
the dipole moments of the groups in the
channel. Unlike other channel blockers, the
JSTX’s action was potentially dependent.
The dependence of the peak amplitudes
of EPSP on the potential was linear and
it was not changed under the influence of
JSTX. Otherwise, the toxin did not affect
the electromotive forces in the synapses.
Finally, the irreversibility of toxin action is
also considered by the authors as proof that
JSTX is not an antagonist of the channel type
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Fig. 2. Chemical structures of some toxins from Arthropodae [33, 50, 51]:
A — Family of toxins from A. lobata — argiopinines (ARN);
B — 1 — JSTX-3; 2 — NSTX-3; 3 — argiopin AR; 4 — PTX 433
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[81]. In several publications the results of
research of JSTX influence on the response
of excitatory membranes were demostrated
after the application of aspartate (Asp)
and glutamate analogs — kainat (KK) and
quisqualat (QL). The depolarization caused
by aspartate in neuromuscular junction of
the lobster was not sensitive to JSTX [13,
40-43].

Toxin JSTX did not block postsynaptic
potentials caused by the application of
aspartate in a giant squid synapse [42, 43].
He also did not affect the spikes caused
by aspartate in the pyramidal neurons of
hippocampus and neurons of brain cortex
of guinea pig [42, 43, 88]. However, in some
experiments on guinea pig hippocampal
slices the same authors had shown that the
depolarization of some pyramidal neurons
caused by NMDA is reduced under the
influence of JSTX-3, but lesser than that
caused by glutamate [88].

Post-synaptic potentials caused by KK
and QL in the neuromuscular lobster junction
were blocked by JSTX [42, 43]. In squid giant
synapse the depolarization caused by KK was
blocked only partially [88]. In the pyramidal
neurons of guinea pig hippocampus, the QL-
receptors seemed to be more sensitive to JSTX
than KK-receptors: smaller concentrations
of toxin were required to block the responses
induced by QL [88].

The results of experiments on various
objects with blocking of glutamate receptors
were very similar: irreversibility of JSTX
action, blocking of responses to glutamate,
but not aspartate, quantitative characteristics
of blocking, and so on. Therefore, it was
supposed that JSTX can be used as universal
glutamate receptor “marker”. In addition,
it was concluded that there is a significant
similarity of glutamate receptors in
different phylogenetically distant objects:
neuromuscular lobster junction [40—-43] and
some parts of guinea pig brain — hippocampus,
olfactory bulb, superior colliculus [40—43, 88].

Therefore, JSTX was used to identify
glutamatergic synapses. For example, until
1983 the question of whether glutamate
performs a neuro-mediator function in giant
synapses of star squid’s ganglia remained
open, because in previous experiments there
were obtained contradictory data [42, 43].
The results of JSTX blocking role studying
in this synapse were similar to those obtained
in other sites where the role of glutamate as
a neurotransmitter has already been proven
[41-44, 88]. Here, the toxin also irreversibly

and completely suppressed EPSP and
miniature synaptic potentials, the rate of their
blockage increased with toxin concentrations
increasing, potentials caused by Glu and QL
in post-synaptic membrane were completely
blocked by JSTX, KK-activated potentials were
blocked partially, Asp-activated potentials
were not blocked at all. On the basis of this,
the authors concluded that Glu in this synapse
plays a mediator role by binding to a certain
type of receptors [42—44].

However, further experiments have shown
that the assertion that JSTX is a “universal
marker” for glutamate receptors is not
fully true. For example, in the presynaptic
membrane of the lobster muscle were found the
glutamate receptors that do not interact with
JSTX [79]. Both Glu and QL-induced potentials
in the membrane of presynaptic terminals were
blocked by this toxin. Even more complicated
case was registered in experiments on the
membrane of the rod retina of the dogfish
(shark eye) [89]. After the ionophoretic
applications on these cells of glutamate,
kainat and aspartate, the membranes were
depolarized. The authors attempted, with
the help of JSTX, to divide the population of
studied receptors into types, but the toxin
blocked the responses to all of these substances.
The results of studies of chemoactivated single
channels in the membranes of these cells can
explain the reason of this failure. It has been
shown that on this object all agonists interact
with the same receptor molecule by opening
only one ion channel [89].

The influences of glutamate receptors
antagonists from N. clavata were studied also
in Bogomolets Institute of Physiology of the
National Academy of Sciences of Ukraine in
scientific group of Prof. Krishtal 0.0., Prof.
Akaike N. (Japan) and young collaborators
Drs. Tsyndrenko A., Kiskin N., Klyuchko O.
using voltage-clamp technique in mode of
holding potential at hippocampal membrane
approximately at the mentioned period of these
antagonists studying [17, 46, 50, 51]. Some of
the results of these studying are presented on
Figs. 3—9, and in the Table [17, 46, 55—6T].
On Fig. 3, the blocking activity of the toxin
JSTX-3 which is the main active element of the
venom JSTX-V is presented.

B. Investigation of venom of spider Argiope
lobata and toxins isolated from it. Usmanov
and his co-authors published a paper devoted
to the action of venom from spider A. lobata
on glutamatergic and cholinergic synapses
(1983) [101]. As elements of the venom,
some factors have been identified that could
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block postsynaptic processes in the nerve-
muscle preparations of locusts and frogs. The
venom was applied using ionophoresis, and
synaptic potentials were recorded using glass
microelectrodes. The venom influenced on
the post-synaptic membrane, 75 ng/ml of the
venom reduced the amplitude of the miniature
potentials of terminal plate and the potentials
of terminal plate up to their complete
disappearance.

In these locust preparations the venom
also reduced effectively the amplitude of
both EPSP and miniature EPSP, and also
blocked irreversibly the appearance of
glutamate potentials after the application of
mediator, and it was impossible to remove it
by “washing” even with prolonged perfusion
of the preparation with normal physiological
solution. Potentials caused by application of
acetylcholine at the same preparation were
blocked by the venom, but in this case, the
responses were restored after washing. Six
months later, this group of authors tried to
obtain the cockroach glutamate receptors
using this venom [95, 96]. From the venom
A. lobata there was isolated the fraction that
blocks glutamatergic synapses.

The ligand fraction was bound to the
affinity column, and it was incubated
with membrane fragments of cockroaches
containing glutamate receptors. The
properties of the total protein fraction
removed from the sorbent were studied
using the technique of bilayer phospholipid
membranes (BLM). The injection of protein
fraction into the experimental block by itself
caused a slight increase in BLM conductivity.
The conductivity for sodium ions increased
by two orders and depended on the mediator’s
concentration followed by glutamate adding.
In presence of 10™* M calcium ions, glutamate
could increase conductivity to three orders.
The complex of these proteins on BLM was
inactive followed by neurotoxins adding.

Similar experiments on the isolation of
glutamate receptors from neuromuscular crab
synapses were carried out on 1985 [93, 94].
Characteristics of this protein on BLM did not
differ from those described above [95, 96]. In
addition, it has been shown that in the absence
of glutamate, the increase in conductivity of
BLM caused concanavalin A, wich prevents
desensitization of glutamate receptor.
Glutamate-induced BLM conductivity was
blocked effectively by diethyl ether of glutamic
acid, a glutamate receptor blocker [17, 46].
And, finally, an activity of single channels of
glutamate complex receptor-ionophore in-built
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in BLM, was registered. The disadvantage of
these works, however, is the use as ligand
of “active fraction” of the venom during
the isolation of rough mixture of toxins. In
subsequent years, the composition of venoms
and properties of the components isolated from
them were investigated.

It was found that the protein — peptide
fraction of the venom consists of several
components — toxins, acting on signal
transmission in glutamatergic synapses. The
main active component of A. lobata venom
was called argiopin [33, 72]. According
to the Tashmukhamedov's works [95, 96]
polypeptides with a molecular weight of
6—7 kDa are responsible for the activity of
A. lobata venom. Subsequently, these data
were related to argiopin with 636 kDa
molecular weight [33]. Argiopin blocked
effectively the glutamatergic transmission
in locust neuromuscular preparations [95,
96], larvae of meat fly, frog muscle [72], frog
spinal cord [14].

The blocking properties of argiopin were
the same for all preparations. They were
studied using intracellular microelectrodes
from the region of synaptic contact under the
voltage-camp conditions on the membrane
[32, 90]. Like JSTX, argiopin acted on a
post-synaptic membrane, but its action
was reversible [14, 33, 72]. The decrease
of registered postsynaptic currents was
exponential and was approximated by two
exponents [72]. The blocking action of
argiopin depended on potential. In muscles of
frog and fly larvae, it decreased strongly the
amplitudes of excitatory postsynaptic currents
near the resting potential and decreased them
worse in case of hyperperpolarization [72].
On Fig. 4 the blocking activity of the toxin
argiopin, the main active element from this
venom is shown. In our experiments both,
venom AR-V and argiopin, acted in reversible
manner on glutamate receptors in hippocampal
membranes but the rates of their reversible
effects were different.

On locust neuromuscular preparations it
was found that the venom A. lobata blocked
not only glutamate, but also cholinoreceptors.
Cholinoreceptors were blocked by the fraction
of venom, which did not contain argiopin [101].
Contrary, according to other researchers,
the active fraction of the venom influenced
the transmission, both in glutamatergic
and in cholinergic synapses, although in the
latter — its effect was 40—-70 times weaker
[72] and argiopin blocked both glutamate and
cholinergic receptors as well.
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Fig. 3. Blocking of chemo-activated transmembrane electrical currents by toxin JSTX-3:

a — glutamate-activated; b — kainat-activated ionic currents. After the receiving of the control response to
KK, toxin JSTX-3 was applied against the background of KK activated current. Concentrations Glu and
KK were 1 mmol/l; JSTX-3 was 10 % mol/1; Viogis — 50 mV.

Records a and b were done on different neurons [61, 62]

KK

Fig. 4. Argiopine causes blockage of the open state of kainat- activated ion channels
After receiving of control response, the neuron was maintained in AR durlng 3 min, than on background of
AR -KK was added. Concentrations: KK 1 mmol/1, AR 1.6x10 2 mol/1, Vholg — 100 mV.
Toxin removing by “washing” lasted 15 s [63]

According to the results of experiments,
the rate constants of argiopin binding to
the open channel and the dissociation of
this complex for glutamate and cholinergic
synapses were calculated. Under the normal
conditions, they differed 36 times due to the
fact that the rate of argiopin binding with
the glutamate receptor in activated state was
5.3 times higher, and its dissociation was
7.4 times lower than with cholinoreceptor [72].

In synapses of the frog spinal cord,
argiopine did not interact with NMDA
receptors. Argiopin suppressed the
depolarization of motor neurones caused by

glutamate, and did not affect depolarization
caused by aspartate [14].

Argiopin acted mainly on the opening of
ion channels activated by glutamate [72]. But
due to the fact that the ability of argiopin to
reduce excitatry postsynaptic currents was
more pronounced near the resting potential,
it was concluded that arginipin also binded to
closed channel. The calculated values of the
dissociation constants (K,) of argiopin for the
open and closed channels practically coincided
respectively [72]:

(6.7+1.5)x10-"M and (4.4+1.4)x10-7 M.
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The effect of argiopin on the kinetics of
activation of glutamate-activated channels was
demonstrated by analyzing the fluctuations in
the membrane conductivity under the action
of glutamate. The energy spectrum of these
fluctuations was approximated by two Lorentz
functions under the action of argiopin and by
one Lorentz functions in control [72]. K, value
for argiopin in these experiments was 8 times
lower than other one during the analyses of
excitatory postsynaptic currents; perhaps,
the toxin was more effective at application of
glutamate than with its normal secretion. The
set of received data allowed authors to describe
the process of blocking from the point of
view of model of consequent blocking of open
channels:

](1 k2 k3
2A+P T A+AP 7 AP*+B T AP*B
k. k.o ks

where A is the activating molecule of
mediator; P, P” is the receptor corresponding
to the closed and open states of channel; B is
molecule-blocker, K;—Kj3; and K_;—K_5 are the
rate constants of corresponding reactions.

To describe the process of argiopin
blocking of the closed channel, another
scheme was proposed. According to it the
antagonist can interact with P in a state of the
rest or with inactivated (AR) receptor, which
prevents further activation and transition to
the state P*[72].

ki k2
2A4P T A+AP T AP¥
+ kg + k.
B B
ke t) ke ko f) ke
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In addition to argiopin, a number of other
substances were isolated from the venom
A. lobata. Grishin and his co-authors isolated
at least three different compounds with
similar biological activity from A. lobata.
They all were able to block glutamatergic
synapses. They all belong to family of toxins
with homologous chemical structures [50,
51]. Like argiopin, they acted on glutamate
receptors of the post-synaptic membrane, but
the effectiveness of their action was different
for various toxins [32].

It has been shown that the venom A. lobata
contains at least two components differing in
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their effect on the binding of marked [*H]-L-
glutamate to locusts muscle membranes. One —
with molecular weight of less than 5 kDa —
suppresses effectively the synaptic potentials,
but does not affect binding of [3H]-L-
glutamate, and thus does not interact with the
glutamate-binding site of receptor. Another
one, with molecular weight more than 5 kDa,
interacts with the site of glutamate binding,
suppressing competitively both mediator
binding and synaptic potentials [101-104].

In addition to glutamate receptor
antagonists, A. lobata venom contained high
molecular weight components of presynaptic
action. The activities of these components
were aimed on the process of mediator release
due to excitation and caused a decrease in
quantum composition of mediator, but the rate
of spontaneous mediator release was constant
[71, 72].

Characteristics of A. lobata venom are
determined by the sum of characteristics of
all these components and combining 2 effects:
1) the presynaptic effect — is suppression of
mediator release stimulus due to the excitation
and 2) post-synaptic effect, the most important
component of which is the ability to block the
opening of postsynaptic ion channels [71,
72]. In the experiments of some authors the
properties of integral venom (AR-V) differ
from the properties of its main component
(argiopin). Thus, some authors demonstrated
that argiopin blocked glutamate receptor in
reversible manner [72]. The action of integral
venom in different experiments was less
reversible [72], or irreversible [95, 96, 101].

C. Investigations of venoms and toxins
of N. clavata and A. lobata in Ukraine. The
influences of glutamate receptors antagonists
from N. clavata and A. lobata were studied
also in Bogomolets Institute of Physiology
the National Academy of Sciences of Ukraine
in scientific group under the supervision of
Prof. Krishtal O.0. by his collaborators Drs.
Tsyndrenko A., Kiskin N., Klyuchko O. The
experiments were done using voltage-clamp
technique in mode of holding potential at
hippocampal membranes [50, 51]. IThe author
analyzed some Araneidae toxins with the
following known chemical structures: JSTX-3,
AR are derivatives of DHPA-Asp, and ARN-1,
ARN-2 are derivatives of indole-acetat-
asparagin. Some of the obtained experimental
results are presented on Figs. 3—9 and in the
Table.

Among all of these substances JSTX-3
has the simplest structure: the chain of its
polyamine is the shortest one, there is no
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branching. In AR molecule the chain is slightly
longer and 2 chemically active amino-groups
are linked with it. ARN-1 and ARN-2 have the
same length of polyamines, and amino groups
are linked with them. The characteristic
feature of ARN-1 is cationic group presence
that is able to dissociate easily. This group
contains pentavalent nitrogen in its polyamine
chain. These substances can be arranged in a
line depending on the length of their polyamine
chains:

JSTX-3<AR<ARN-1=ARN-2.

The action of all studied toxins on the
glutamate receptor was characterized by
the number of similar characteristics. They
all blocked GLU, KK, and QL (quisqualate)-
activated currents in the membranes of rat
hippocampal neurons in varying degrees and
they all were able to be removed (“washed”) to
different degrees by normal Ringer solution
(Fig. 7).

They did not act on electrically excitable
membranes, glycine- and GABA-activated
currents in membranes of these neurons. Their
blocking effect depended on the membrane
holding potential — it become less visible with

depolarization of the membrane. All these
substances could block the open glutamate
channel-receptor complex (gCRC). It is
natural to assume that all these toxins’
properties are due to the common for all
toxins fragments of their molecules, namely
the phenolic or indole group, linked with
asparagine.

Figs. 8, 9 demonstrate other experimental
data on the development of new methods for
qualitative analyses: the characteristics of
transmembrane electrical currents, by which
various substances can be identified according
to dose-effect dependencies. K, values were
different for the toxin JSTX-3 and for the
venom JSTX-V, from which this toxin was
obtained. Together with JSTX-3 this venom
containes other toxins and substances that
caused registered shift [50—51]. K, values for
studied venoms and toxins were presented in
the Table below.

Our experiments did not show significant
differences in properties of toxins — phenol
or indole-derivatives. There is only a little
insignificant difference: the dissociation of
AR derivatives is going a little bit slower
(Table) [64].

KK [ ——
[ ] [ ]
|0,2 nA
30s
ARN-1 10 s
KK
0404

10 s

Fig. 5. Irreversible blocking of KK-activated currents by argiopinin1(ARN-1) [61—64]
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10 s

Fig. 6. Irreversible blocking of KK-activated currents by argiopinin 2 (ARN-2) [61—64]
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Fig. 7. The degree of blocking of kainat-activated currents by various antagonists (white columns)
and the degree of recovery of currents’ amplitudes after the antagonists removing in Ringer’s solution
(shaded columns)

The values are given in percent of the amplitude of control response, the value of which was taken for 100%
(top straight dotted line). Diagram was done for 6 different antagonists of glutamate CRC [61-64]
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Fig. 8. Dose-effect dependence of the glutamate-activated currents in the control (1)
and during the action on the cell of 5x107° units/pl JSTX-V
The currents’ values at the points of peaks were normalized to the maximum. The curves represent

a single-binding isotherm with K4 = 1.1x10°3 mol/l (1) and K4 = 2.35x107% mol/1(2)[61-63]
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Fig. 9. Dose-effect dependence of the KK-activated currents in the control (1)
and during the action on the cell of 10°° mol/1 AR (2)

Both curves are single-bonded isotherms with dissociation constants K4 = 5.0x 104 mol/1 (1)
and K4 = 2.4x10™* mol/1 (2) [61-63]

Kinetic characteristics of KK-activated ionic currents blocking
Comparative analysis of the properties of various Araneidae toxins as result
of their chemical structure

Constapt rate of l.)locking V:&?ﬁiﬁ‘;ﬁﬁ:ﬁ;}g?:l
Antagonist (direct reaction) recovering
K, K, I
JSTX-V 4.4x10% pl/(un.s) - 0
JSTX-3 2.1x10%1/(mol.s) - 1.3x1072g7!
AR 1.6x10% 1/(mol.s) 0.85x10* 1/(mol.s) 4.9x102s7!
ARN-1 3.3x10% 1/(mol.s) 1.6x10* 1/(mol.s) 7.9x10 257!
ARN-2 2.9x10% 1/(mol.s) 0.59x10% 1/(mol.s) 3.1x10 2s?

However, the direct constant rates of
reactions between toxins and AR derivatives
didn't get the significant differences. Such

characteristics of toxins — phenol and
indole derivatives — permitted to make
conclusions.

Firstly on the basis of gCRC blocking
mechanism by toxins, it should be the reaction
of the interaction of toxin aromatic groups
with membrane. This conclusion coincides
with the Japanese authors opinion [86].
Secondly, this reaction should be common to
indole and phenolic groups, so, the membrane
should not “distinguish” them. And,
finally, probably exactly these groups (or in
connection with asparagine) determine the

blocking effect of gCRC and its main features
(potential-dependence, and others).

Toxins influence on activated and non-
activated receptor. The main difference in
the effect of toxins is that JSTX-3 interacts
with the gCRC, regardless of whether it is in
the activated state or inactivated. The main
mechanism of action of AR, ARN-1, ARN-2
is the blocking of GLU- and KK-activating
channels in the open state [33, 38].

What may cause the difference in the
effects of toxins? The only structural
difference between JSTX-3 and others studied
toxins is simpler structure of its molecule.
Perhaps slightly more complex structure of
toxin molecule of A. lobata (lengthening of

17



BIOTECHNOLOGIA ACTA, V. 12, No 5, 2019

polyamine chain, presence of amino-groups
branched off the main chain) increases the
selectivity of their interaction with gCRC
so, that they lose their ability to bind with
gCRC conformations corresponding to
inactivated state. Thus, more simple JSTX-3
molecule, probably less “legible” and “does not
distinguish between” receptor conformations
corresponded to activated and inactivated
state. In both cases, ion currents are blocked
almost completely. In future it would be nice
in similar experiments to study even more
simple fragments of molecules: DHPA and
DHPA-Asp, that also block gCRC [86] and
the selectivity of which is not known well.
Such ideas [86] stimulated the discovery of
new methods of qualitative and quantitative
analyses based on the registered differences
in electrophysiological effects of toxins
with known structure. So we tried to find
regularities in effects of toxins with unknown
structures.

An interesting regularity is that the
removing of toxins AR and JSTX-3 from
membrane (their “washing”) was the same
in Ringer’s solutions, both in the presence
of agonists (GLU, KK), and without them.
According to our preliminary data, for the
“washing” of some argiopines in solutions,
contrary, the presence of agonists (GLU, KK)
was necessary. For these substances, activation
of the gCRC improved both the formation and
dissociation of toxin-receptor complex. In
compliance with the literature, there is known
another toxin with similar property — gCRC
antagonist: 6-phylantototoxin [18]. However,
a significant difference in its molecule
structure (instead of DHPA or DHPA-Asp it
has oxyphenol) and not so much data on this
issue allow to make any conclusions about the
relationship of properties with the structure of
its molecule.

According to some authors, the necessary
condition for AR removing by “washing”
was the presence of an agonist in washing
solutions [18, 38]. This contradicts our data.
However, this effect is easy to explain taking
into account that in these works the roughly
purified AR preparations were used, and this
effect might be caused be the mixtures of
argiopinins.

A. The degree of blocking of KK-activating
currents. Any of studied toxins blocked
chemoactivated currents completely even
at high concentrations (10™* mol/l). JSTX-3
decreased the amplitudes of KK-activated
currents the most effectively — up to 6%
of the initial value. The effectiveness of
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KK-activating currents depression decreased
from left to right in the line of toxins:

JSTX-3 > AR > ARN-2 > ARN-1.

As one can see, the degree of blocking of
currents by toxins can depend on the length of
their polyamine: the shorter the toxin the more
effectively it closes the ion channel. However,
this statement should be reinforced by studies
of other analogs with different lengths of
polyamine chains.

B. Irreversibility of toxins’ effects. For
analogues of JSTX-3 with different lengths
of polyamine chain, it has been found that
elongation of polyamine chain is accompanied
by the formation of more stable toxin-
receptor complex [36, 38]. However, in our
experiments, the most pronounced reversed
action had AR, although its length is slightly
longer than that of JSTX-3, Perhaps this is due
to the fact that two amino groups are coupled
with AR polyamine chain, which are easy to
react, and the length of the polyamine appears
to be functionally less important? To answer
this question, let’s analyze how molecular
structure is linked the degree of “washing” of
other A. lobata toxins. In our experiments there
were registered that among A. lobata toxins AR
has peculiar characteristics: all its analogues
were “washed” much worse, regardless of
their structure. However, during studying of
the properties of AR analogues separately, it
also appeared that it was easier to remove the
substances with longer fragment of polyamine.
This was true within groups of argiopinins 1-5
and pseudo-arhiopinins 1-3 (own in print data,
as well as the data given in[17, 46]). Thus, our
conclusion is completely opposite to other one
one that was made by other authors for JSTX-3
analogues earlier. For AR analogues the longer
is the toxin molecule the better it is washed
off. The argiopinin 1 was the exception because
it acted practically irreversibly. However,
unlike other toxins, its polyamine includes
easily dissociated cationic group containing
pentavalent nitrogen. This group is likely to
contribute to the formation of a more stable
toxin-receptor complex.

C. Kinetic characteristics of blocking
effects of the toxins. Basing on the results of
calculations of the values of binding constant
rates and the rates of “washing” of toxins
(given in the Table), as well as basing on the
preliminary data obtained during the argiopins
1-5 and pseudo-argiopinins 1-3 studies, the
following conclusion can be made. When
lengthening the chain of polyamine, the value
of the first binding constant rate of toxins
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with gCRC increases, and the rate of toxin
“washing” respectively. Otherwise, the longer
toxin molecule is, the faster it binds to the
receptor and faster breaks the links with gCRC
when dissociating. This rule is not true for
the molecules having long side chains, namely
ARN-4, whose binding constant is higher than
expected, and this is exclusion. Perhaps this
regularity should be transformed as follows:
the longer and the branched molecule of the
toxin is the sooner it binds and faster breaks
the links with the gCRC.

Some regularities in biophyscal effects of
JSTX-3, AR, ARN-1, ARN-2. Basing on the
observed data following regularities between
these molecules “chemical structures” and
their “effects” can be presented.

A. The presence of phenol- or indole acetate-
fragments in the toxin molecules is the “key”
phenomena of the interaction of the toxin with
gCRC. So the reaction of interaction of aromatic
groups with the membrane groups should lie
at the heart of the blocking mechanism. These
fragments define the basic and common for
all properties of these antagonists (potential-
dependence of blocking, and others).

B. The length and structure of polyamine
determine the individual differences in toxins’
properties. Thus, with the complication of
polyamine structure, the selectivity of toxins
action increases and the toxins don’t bind more
with gCRC in inactivated state. Shortening of
polyamines’ chains leads to the effect that the
toxin more “tightly closes” the ion channel, and
the degree of blocking increases. At the same
time, the shorter the molecule of the toxin,
the worse it is “washed” off. And, finally, the
longer and branched the molecule of the toxin,
the faster the reaction of formation toxin-
receptor complex is going, and the sooner this
complex dissociates.

C. Among all the tested toxins, JSTX-3
really has unique characteristics. Having
the simplest structure it causes maximal
hysiological effect. This observation coincides
with the data from the literature [28]. Among
all known for today glutamate receptor
antagonists, JSTX-3 has an optimal structure
in terms of physiological effect. Toxin AR is
distinguished by its properties among A. lobata
toxins (the highest degree of “washing” and
others). We can assume that these particular
features in the process of evolution have
selected the toxins JSTX-3 and AR as the main
active components of the Araneidae venoms
among the large families of other toxins —
antagonists of glutamate receptors.

@ ©)

R
©
b))

Fig. 10. The qualitative regularities
of the damaging toxic effect of studied substances
[61-64]
Empiric qualitative dependence demonstrates that
with elongation and complication of polyamine:
1 — Toxin (Tx) molecules close the ion channel less
densely;
— ability to depress the amplitudes of ion currents
by Tx decreases;
— Tx molecules loss the ability to bind with gCRC in
inactivated state.
2 — reversibility of Tx action increases;
— complexes Tx-gCRC are forming better;
— complexes Tx-gCRC are dissociating better;,
— Tx molecules can be better removed by “washing”
in normal Ringer solution;
— selectivity of Tx action increases (Tx molecules
loss the ability to bind with gCRC in inactivated
state)

D. All toxins, studied in this work, were
received both from the natural sources —
venoms as well as ones that were synthesized
in laboratory conditions. The effect of
synthetic analogues was completely identical
to the action of natural toxins. This confirms
again the correctness of the decoded toxins’
structures and the identity of the synthetic
toxins with the corresponding natural
analogs.

Above said can be illustrated by the
simple qualitative graph (Fig. 10). Axis
OX means the chemical structures (phenol
or indole derivatives). Their structure
complication is going from the left to right.
Axis OY — qualitative representation of the
the following effects described above. Circles
1 and 2 mean the effects: 1 — decrease
with chemical structure complication,
and 2 — increase with chemical structure
complication [61—-64].

Further development of this task
suppose also further complication of
molecular structures with the registration
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Fig. 11.Observed and analyzed chemical substances that influence the living organisms [63]

There are harmful, toxic substances — derivatives of phenol, indole, etc., combined with radicals of
different length and complexity. In terms of the chemical structure, all of the compounds are represented by
molecules with a «<head» formed by cyclic compounds (phenol, indole, or polycyclic structures) that is coupled
to polyamine (s) radical (s) of varying length and complexity.

Axis X: phenol and its derivatives with polyamine radicals of varying length and complexity. Length and
complexity of chemical structure of radicals increase from the left to right, accordingly, their biophysical

properties are gradually changed;

Axis Y: indole and its derivatives with polyamine radicals of varying length and complexity. Length and
complexity of chemical structure of radicals also increase from the left to right, their biophysical properties

are gradually changed;

Axis Z: some hydrocarbons that have several cycles in their composition and affect the biophysical processes
in living organisms (and, consequently, their physiological effects including the expressed harmful and toxic
effects). The chemical structure of these substances is complicated from the left to right, their biophysical

properties also varying gradually.

of relative biophysical effects for perfection
of possibilities of the qualitative and
quantitative analyses of organic structures.
For example, in computer databases all
studied chemical substances can be arranged
according to their complication along to
hypothetical axes (Fig. 11). The axes CR on
Fig. 10 could be substituted by any of the
axes from Fig. 11 (OX, OY or OZ). In this
case when somebody plots toxin blocking

20

characteristics along the axes F (Fig. 10)
theoretically it is possible to find related
chemical structure along the axes CR. Having
united all together the axis F, 0X, OY,
0Z, a virtual space “structure”-“function”
that had been laid in a base of the novel
methods of substances’ computer analysis
was formed. If necessary, it is possible to use
other axis where other groups of substances
are ordered in the framework of this model.
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Today we have no enough standardized
information for the construction of such
computer expert system for qualitative and
quantitative analyses, but with time with
further databases completing this idea may
be realized.

Thus, in this publication it was
demonstrated further development of
electronic expert system logical module, a
powerful tool in contemporary biotechnology
that also can be used as analytical system
for quantitative and qualitative analyzis of
organic chemical substances, derivatives of
phenol and indole with polyamine radicals
(substituents) — linear or branched.
Fundamental observation of the results of
some Arthropodae toxins and venoms studies
was done to determine the regularities in
chemical structures and electrophysiological
properties they have.

The results from numerical literature
sources of electrophysiological
investigations (including own ones) were
presented: analyses of chemosensitive
transmembrane electric currents obtained
in voltage-clamp mode under the influence
of phenol and indole-derivatives from
two spider species. They are known as
antagonists of glutamatergic receptors and
were used successfully for investigations of
membrane structures. In such a way JSTX-3
(from N. clavata venom) and AR, ARN-1,
ARN-2 (from A. lobata venom) were studied.
These substances were selected due to their
relatively small molecular weights and
known chemical structures.

All described above gave us a possibility
to find the regularities between “chemical
structures” and “effects” of these substances
influence necessary for our logical module.
Also this gave us potential opportunity to
solve the inverse problem to traditional one.
Previously the direct problem was solved in
such a way: under the action of chemical
compound with known structure on the
ionic currents, the researchers investigated
obtained effect (study of dependence
“structure” — “effect”). And now the
possibility of inverse problem solution was
suggested — to determine the approximate
chemical structure of organic compounds
through their effects on chemosensitive
currents from the measured numerical
characteristics of electrical responces (the
“effect” — “structure” dependence study).
On the base of experimental data in our work
we tried to solve inverse problem: knowing
electrical reaction of cell membrane on

the influence of unknown substance to
decipher its structure — structure of acting
molecule.

We would like to emphasize the
practical value of these data. Empirical
dependencies “effect” “structure”
were found on the basis of the registered
experimental data, their processing using
the methods of regression analyses, other
types of analyses. Empirical diagrams
were constructed, which characterized
such dependencies. In such a way the new
methods of qualitative and quantitative
analyses were developed and patented
[61-64].

These regularities may be laid in base of
logical module functioning. The observed
chemical substances — toxins JSTX-3, AR,
ARN-1, ARN-2 and other from this family
were really good for such purpose. Obtained
regularities have been described and used
for further development of logical module
in biotechnical expert system for automatic
identification of organic substances.

Logical unit programmed on the base
of such data, found regularities may be
really useful for identification of organic
environment pollutants in industrial
regions, places of accidents, and etc.
Among such pollutants there are many
organic substances (including derivatives
of phenol or indole); their identification,
studies and analyses are really difficult
for today [137]. Our developed methods
show a way to qualitative and quantitative
analyses conducting not only in stationary
laboratory conditions but also for mobile
methods of organic pollutants revealing and
identification in environment.
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MeToio orasany OyB aHaJi3 pe3yabTaTiB
eneKTpo(disiomoriunmx mAocHimgKeHb AEeAKUX
0ioOTiuHO aKTUBHUX XiMiUYHUX PEYOBUH AJIA
BUBHAUEHHA 3aKOHOMIpHOCTEM MiK IXHBOIO
CTPYKTYpPOIO Ta epeKTaMu, SKi BOHU CIPUYH-
HAOTH. 3aIIPOIIOHOBAHO TAKOXX BUKOPUCTOBY-
BaTH Ii 3aKOHOMIiPHOCTI IJid BIOCKOHAJEHHS
JoriuHoro MoAyad GioTexHiuHOI eKcmepTHOI
cucTeMu, AKa MpaIl0€ 3 BUKOPUCTAHHAM MO-
OIYJABHOTO HNPUHIMIY Ha OCHOBiI 006’€KTHO-
OpieHTOBAHOTO Ta perpeciiHoOro aHamisy.
B po6GorTi nmpoamanizoBano gaHi emrekTpodisi-
OJIOTIiYHUX MOCJiJKeHb aHTaAroHiCcTiB rayra-
MaTeprivHuX pelenTopiB: PeHOJ- Ta iHAOATIIO-
XiZHUX, OTPUMAaHUX 3 OTPYT NaBYKiB BUAIB
Arthropodae. [lesari xapakTepuctuku 0J0-
KYBaHHSA PeIleNTOPiB IIUMU TOKCHHaAMU OyJO
BUKOPUCTAHO AJS AeMOHcTpalii eMmnipuuyumx
3aKOHOMipHOCTe#l MiK XiMiUHUMU CTPYKTY-
paMu aHTaroHicriB Ta ix esexTpodisionoriu-
HuMUu edpextamMu. OGrOBOPEHO MOKJIUBICTH
OPaKTUYHOTO 3aCTOCYBAaHHA NOAIOHUX 3aKO-
HOMipHOCTEH I MOHITOPHUHTY INKiZJIMBUX
3a0pyAHIOBAJbHUX PEUYOBUH HABKOJUIIHBOTO
cepemoBuIa — (PeHOJ- Ta iIHAOJNIOXiAHUX, a
TaKO’K PO3POOJIeHHSA HOBUX METOXAIB ix AKic-
HOTO Ta KiJIbKicHOTO aHaJi3y.

Knatouwosi cnosa: TOKCUHU, aHTATOHICTH PEIlETO-
piB, TpaHCMEeMOpPAHHUI eJIEKTPUYHUIL CTPYM, 6io-
JIOTiUHi eKCHepTHi cucTeMu, eJeKTPOHHI iH(dOp-
Malriiiai cucremu, 6ioimdopmaTuka.
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IMenbro o630pa OBIT aHaAJIM3 PE3YJIbTATOB
9JEeKTPOMOUBUOJOTUUECKUX HCCIeIOBaAHUI He-
KOTOPBIX OMOJIOTUYECKHU aKTUBHBIX XUMUYECKUX
BeIlleCTB JJiA ONpeJesieHUs 3aKOHOMepHOCTeH
MEXAY MX XUMUUYECKON CTPYKTYypo#l u saddek-
TaMu, KOTOpble OHU OKa3biBaioT. [Ipennaraercsa
TaKJiKe MCII0Jb30BATH 9TH 3aKOHOMEPHOCTH JIs
COBEPIIeHCTBOBAHUS JIOTUYECKOT0 MOAYJISA O1O-
TeXHUUYECKOH 9KCIEePTHOM cucTeMbl, paboTaro-
e ¢ UCIoJIb30BaHMEM MOAYJIBHOTO MPUHIIAIIA
Ha OCHOBe 00'b€KTHO-OPUEHTUPOBAHHOTO U pe-
TPEecCCUOHHOTO aHajam3a. B paboTe mpoaHaIu3uU-
pPOBaHBI JaHHBIE 3JIEKTPOPUSUOIOTUIECKUX HC-
CJIeJOBAHUM aHTATOHUCTOB IIyTaMaTdPTUUECKUX
perenTopoB: (PEeHOJI- U UHAOJIPOU3BOIHBIX, IIO-
JIYUeHHBIX U3 AJ0B IayKOB BUAOB Arthropodae.
HexoTophle XxapaKTepUCTUKU OJOKUPOBAHUSA
pPelenTopoB JaHHBIMU TOKCHUHAMU OBLIU HC-
MMOJIb30BAHBI AJIS JeMOHCTPAIIUY dSMINPUUECKUX
3aKOHOMEDHOCTEH MeKIy XUMUUECKUMU CTPYK-
TypaMy aHTArOHUCTOB U UX 3JIEKTPODUIMUOJIO-
ruuecKkuMu sddexramu. O0CyKIaeTCA BO3MOIK-
HOCTh IPAKTUUECKOT'O UCIIOJIb30BAHUA ITOJOOHBIX
3aKOHOMEPHOCTEH A5 MOHUTOPUHTA BPEIHBIX
3arpsA3HAOIINX BeIeCTB OKPY’KaIIneil cpe-
Ibl — (heHOJI- U UHIOJIIPOU3BOAHBIX, a TaKiKe
paspaboTKM HOBBIX METO/JOB UX KAUeCTBEHHOTO 1
KOJIMUECTBEHHOTO aHAJIN3A.

Kntwouesvle cnosa: TOKCUHBI, aHTArOHUCTBI
PerenTopoB, TPAHCMEeMOPaHHBIN 3JIeKTPUUECKUI
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Literary data on the organization of the genome, the connection of genes with the production and
regulation of solvents, and the metabolic engineering of solventogenic clostridia are presented. The
transition from the phase of the formation of acids to the phase of the formation of alcohols and the
relationship of the latter with sporogenesis are analyzed. The main key genes (ak, pta, buk, ptb, thl, crt,
bed, BAhAB, ctfAB, adc, rub, Spo0OA, adhE, hdb) that affect their course have been identified. The
possibility of improving strains by genetic manipulations (inactivation of genes, entering of genes of
other microorganisms, etc.) is shown. The effect of gene inactivation on solvent production is shown. An
analysis of methods for increasing the accumulation of butanol showed the need to create effective
recombinant producer strains for butanol supra synthesis using renewable raw materials.

Key words: butanol, producer strains, clostridia, solventogenesis.

Today, the microbiological conversion
of biosphere renewable resources for the
purpose of receiving of commercial products,
in particular, the biofuel, is one of the recent
problems of biotechnology [1]. Anaerobic
bacteria of the Clostridiaceae family are known
as producers of one of the most promising
biofuels, the biobutanol. Currently, the
microbiological synthesis of butanol during
the classical acetone-butanol-ethanol (ABE)
fermentation is economically unprofitable.
The creation of commercial biobutanol
technology requires high-yielding strains and
an affordable, cheap and preferably renewable
raw material — the plant biomass [2].

Industrial production of butanol based on
microbiological synthesis was established in
the early twentieth century and is related to
the production of acetone (as a concomitant
process) by Clostridium acetobutylicum
with the production of acetone, butanol and
ethanol on a 3:6:1 ratio and the using of corn
flour as a substrate [3, 4]. In the classical
ABE fermentation, the oil, propionic, lactic
and acetic acids (acid formation stage) were
produced by C. acetobutylicum at the initial

stages, and eventually, the hydrogen index
decreased and the production stage of butanol,
acetone, and ethanol began (alcohol formation
stage). The increasing demand for butanol and
the sharp increase in petrochemical production
have led to the fact that the biotechnological
process for the butanol production became
economically unprofitable and has been
replaced by a more efficient chemical synthesis.
In recent years, there has been renewed
interest in butanol biotechnology not only as a
raw material in the plastic, paint and varnish
production and in printing and pharmaceutical
applications, but also as an alternative fuel [5].
Today, the biofuels account for only 2% of all
fuels used. Biofuel consumption volume in the
fuel market is projected to reach 30% in the
next 5—7 years [6].

The recent studies were related to the
search for new productive strains that produce
butanol and cheap non-food raw materials
as a substrate [7, 8] and the optimization of
butanol biotechnology. The following stages
of butanol biotechnology optimization can be
identified: 1 — primary selection of producer
strains; 2 — determination of preferable
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Fig 1. Clostridium acetobutylicum ATCC 824 genome and megaplasmid [9]

technological parameters (pH, temperatures,
nutrient requirements) and preferable mode
of nutrition and biomass accumulation, yield
of the product in terms of the consumed
substrate, rate of product formation; 3 —
immobilization of producing cells; 4 — changes
in genetic structure of a microorganism for
increase in the accumulation of butanol.
Genetic manipulations with the Clostridia
were made possible thanks to the determination
of the nucleotide sequence/decoding of
the complete genome of the Clostridium
acetobutylicum ATCC 824 strain (Fig. 1).
Circular representation of the C. aceto-
butylicum genome and megaplasmid. The outer
two rings indicate the positions of genes on the
forward and reverse strands of the genome,
respectively, color-coded by function. Moving
inward, the third ring indicates the G1C
content of each putative gene: turquoise (27%),
gray (27 to 35%), pink-red (35% ); the fourth
ring indicates the positions of tRNA (green)
and rRNA genes (dark red). The inner rings
show the positions of genes on the forward
and reverse strands of pSOL1, respectively,
color-coded by function (the distance scale
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for the inner rings differs from the scale of
the outer rings, as indicated). The functional
color-coding is as follows: energy production
and conversion, dark olive; cell division and
chromosome partitioning, light blue; amino
acid transport and metabolism, yellow; nucleic
acid transport and metabolism, orange;
carbohydrate transport and metabolism, gold;
coenzyme metabolism, tan; lipid metabolism,
salmon; translation, ribosome structure, and
biogenesis, pink; transcription, olive drab;
DNA replication, recombination, and repair,
forest green; cell envelope biogenesis, outer
membrane, red; cell motility and secretion,
plum; posttranslational modification, protein
turnover, and chaperones, purple; inorganic
ion transport and metabolism, dark sea green;
general function prediction only, dark blue;
conserved protein, function unknown, medium
blue; signal transduction mechanisms, light
purple; predicted membrane protein, light
green; hypothetical protein, black [9].

The genome size of C. acetobutylicum
ATCC 824 is 4.13 Mbp, of which the
chromosome consists of 3940880 bp and the
megaplasmid pSOL1 is 192000 bp. The ratio
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Fig. 2. The metabolic pathway of Clostridium acetobutylicum [10]

of G-C pairs is 30.8% . The genome consists
of 3778 genes. The genetic information of
the chromosome contains the major genes
responsible for alcohol formation and encodes
178 polypeptides. It is these genes and the
genes that encode the multifermental complex
that is located on the cell surface (cellulosome)
that is a unique metabolic profile of the
Clostridia [9]. They demonstrate the role of
horizontal gene transfer in the evolutionary
development of these bacteria and determine
the pathway for the synthesis of metabolites
(Fig. 2).

The ABE process is discussed in detail
in [11]. The genes responsible for the ABE
process in C. acetobutylicum ATCC 824 may
or may not be the part of certain groups
(clusters). Two enzymes are involved in
the formation of acetate-acetate kinase
(ak) and phosphotransacetylase (pta),
the genes of which are the part of acetate
operon [12]. Butyrate kinase (butK) and
phosphotransbutyrylase (ptb), which are the

part of butyrate operon, are associated with the
formation of butyrate. Both kits (sets) of these
genes coexist in tandem on the chromosome
and form operons in which ptb is located on
the 5'-direction from butK and pta — from
ak. The conversion of acetyl coenzyme A
(CoA) involves the enzyme thiolase (thl), a
gene of which is not the part of the functional
units of organizations of genetic material in
which there are several open reading frames
(operons). The major genes responsible for
converting 3-hydroxybutyryl-CoA to butyryl-
CoA are the butyryl-CoA synthesis operon
(BCS), namely crotonase (crt), butyryl-CoA
dehydrogenase (bcd), the genes of two electron
(etfA, B) transport flavoprotein subunits,
B-hydroxybutyryl-CoA dehydrogenase
(BRbd) [13].

Genes responsible for the formation
of butanol dehydrogenase (bdhAB) are
not clusters. Genes of acetaldehyde
dehydrogenase (aad), acetyl-CoA acetate/
butyrate CoA transferase (ctfAB), acetone
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acetate decarboxylase (adc) make up the
solventogenesis operon (sol) contained in the
megaplasmid pSOL1 [14-16]. Genes of basic
metabolism enzymes such as hydrogenase
(hydA), flavodoxin (flav), rubredoxin (rub),
the transcription factor responsible for the
activation of sporulation (Spo0A) do not
belong to clusters at all [17]. It should be
noted that depending on the species and
strain of bacteria of the genus Clostridium,
the number of genes and their location in
the clusters might vary [18—-23]. Thus, the
selective use of the positive effect of Spo0OA
on solvent formation is necessary to improve
the productivity of the solvent. This requires
Spo0A functioning as a gene for the activation
of solventogenesis without the function of
sporulation activation.

Sporulation is a major factor in solvent
synthesis

The solvent synthesis process is closely
related to the sporulation process (Fig. 3).

Some clostridia strains can convert
acetone to isopropanol, producing a mixture
of isopropanol, butanol and ethanol (IBE
process), each of which can be used as a biofuel.
The natural strain producer of isopropanol
C. beijerinckii BGS1 accumulated 10.21 g/1
of butanol and 3.41 g/l of isopropanol [25].
During normal vegetative growth, C. aceto-
butylicum cells asymmetrically divide by

Spore’
Gerrnmauoll )
Vegetative |
Cells

(‘ell Davision
Spores @

Sugﬂr »ﬁ Clostridia

Start of

Spores maturing

double division and exhibit typical bacillar
morphology during glucose assimilation
and acid accumulation [26]. During acid
accumulation, the pH drops sharply and the
medium becomes toxic to the cells. In response
to changes in cell pH, the mechanisms of
survival — sporulation and solventogenesis —
are initiated [27].

Solventogenesis provides the cells with
protection from low pH through the secondary
consumption of acids and their conversion
into solvents, which reduces the toxicity
of the environment. Sporulation leads to
high culture stability and provides a long-
term survival mechanism until favourable
conditions occur [28]. In the process of
sporulation, various morphological changes
of the cells occur [29]. The first morphological
change that occurs in the cells is called the
clostridial form. The cell acquires a cigar-
shaped or swollen form with granulosa
(vesicles of amylopectin) inside [30].

Previously, it was believed that cells
with clostridial form produce solvents,
but solventogenesis is started before they
acquire it. Solventogenesis depends on
three aggregate factors: the environment,
the metabolic responses of a cell, and the
activation of regulatory genes [31]. More than
256 genes that are differentially expressed
during the transient phase are involved in
solventogenesis [32].
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The transcription factor responsible for the
activation of sporulation (Spo0A) also initiates
the solvent synthesis in C. acetobutylicum
by activating the transcription genes
of acetoacetate decarboxylase (adc),
alcohol dehydrogenase (adhE) and coA
transferase (ctfAB). Spo0OA is activated by
phosphorylation, which is provided by the
two-component signal transduction system.
Phosphorylation is carried out by histidine
kinase, which is encoded by the ca c0323,
ca _c0903, ca c2730, ca_c0437 and ca_c3319
genes in C. acetobutylicum, in C. botulinum,
CB01120 (CB0O0336, CBO0340 and CB0O2762)
is responsible for it, and in C. thermocellum —
clol1313 0286, clo1313 2735 and
clol1313 1942. Sigma factors that affect
the transcription of sporulation genes in
C. acetobutylicum are encoded by the spolIGA,
sigE, and sigG genes (Fig. 4).

The transcription factors encoded by sinR
and abrB also regulate the onset of sporulation.
The authors of [35] have suggested that
abrB310 may also be a regulator during the
transition between acidification and solvent
phases.

For instance, in the case of the C.
beijerinckii NCIMB 8052 mutant strain, the
production of the solvents was controlled
by the transcription factor Spo0OA, which
was the main regulator of stationary phase

gene expression. The enzymes involved in
solventogenesis have not been encoded in the
plasmid, and therefore, are less sensitive to
removal or loss [35].

Bacteria of the genus Clostridium,
including C. acetobutylicum, are prone to
degeneration (loss of increased solvent
production) during cultivation on rich and
easily digestible (carbon source) media.

The loss of a 210-tpn plasmid fragment
containing the genes of the solvent
synthesis enzymes leads to the emergence
of C. acetobutylicum mutants that could not
produce the solvent enzymes — degenerate, by
definition, and could occur at the loss of 210
kbp of the plasmid where a few several genes
are situated encoding several enzymes, solvent
production [36, 37].

For C. beijerinckii NCIMB 8052 mutants, in
addition to the abnormalities and degeneration
caused by genetic alterations, the rapid cell
growth in a rich medium with a high sugar
concentration caused the inability to form
solvents and spores. During the rapid growth
of volatile fatty acids (acetic and oily) products
that have been forming and accumulating in
the medium quite intensively, simultaneously,
the pH of the medium has also decreased. The
rate of acid formation was so high that cells
could not effectively induce solvent production
[87-39].
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Vectors for metabolic engineering

One of the major problems of genetic
engineering of any microorganisms is the
selection and development of vectors for the
transfer of genetic information. The most
promising vectors are plasmid-based — the
extrachromosomal autonomous replication
double-stranded ring DNA molecules. There
are several types of plasmids: autonomous
(not related to the bacterial chromosome)
and integrated (built into the chromosome)
plasmids.

F-plasmids carry information that ensures
their own conjugative movement from one
cell to another. R-plasmids carry antibiotic
resistance genes. There are plasmids that have
a specific set of genes that are responsible
for the disposal of non-specific metabolites
(degradation plasmids). There are plasmids
that contain genes with unknown functions.
If two or more plasmids cannot exist in the
same cell, they are assigned to the same
incompatibility group. Some plasmids carry a
specific point of origin of replication (origin)
and can replicate only in cells of a particular
species, while others make this replication
initiation site less specific and replicate in a
variety of bacterial cells. Thus, the plasmids
can be distinguished by the spectrum of
hosts — wide or narrow.

For effective use in genetic engineering,
the plasmids must have three characteristics.

1. Plasmids must be small in size because
the transfer of exogenous DNA to Escherichia
coli significantly reduces if plasmid lengths
are greater than 15 kbp [40].

2. Each plasmid must have restriction sites
at which insertion can occur [40].

3. A plasmid must have one or more
selective markers to identify recipient cells
carrying recombinant DNA [40].

In view of the above facts, pFNK1
vectors have been developed to increase the
transformation efficiency of C. acetobutylicum
ATCC 824 strain [41]. One of the first used
was the integrative plasmid technology for
metabolic pathway inhibition aimed for
obtaining of acetate and butyrate through
C. acetobutylicum ATCC 824. The copy
number of plasmids commonly used for
C. acetobutylicum was approximately 7-20
copies per cell [42—-43].

Integration of the plasmid into the
chromosome homologous region deactivated
the ack and pta genes and formed a mutant
with the deleted genes. Non-replicative
integration plasmids (pAN1, pJC4, pJC7,
pPUC-PTAK) that could be inserted into
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the C. acetobutylicum ATCC 824 genome
were selected. Such plasmids required
a host DNA fragment and an identified
genetic marker. After the transfer, the
plasmids can be anchored by integration in
homologous regions. It were the integration
plasmids that were introduced into the of
C. acetobutilicum ATCC 824 chromosome
[5]. Inactivation of buk and pta on the
chromosome occurred by using the non-
replicative integration plasmids containing
the buk and pta genes. By inactivating the
genes involved in the formation of the acid,
it was possible to redirect the carbon stream
to produce the solvent and increase its
concentration.

Inactivation of the buk and pta genes
allowed reducing energy costs for the
production of acetate and butyrate. This
resulted in a more than 10% increase in
butanol production and 50% decrease in
acetone production. Strains with changes
in these genes accumulated more biomass
and remained stable for 30 generations. The
results of genetic engineering studies have
demonstrated the possibility of using a gene
inactivation method to control the metabolic
pathway of glucose butyrate formation [44].

The C. beijerinckii BA 101 mutant
(superproducer) was obtained from the
original C. beijerinckii strain NCIMB
8052 by using the N-methyl-N'-nitro-N-
nitrosoguanidine (NTG) chemical mutagen.
Subsequently, the selection of the treated
culture for resistance to 2-deoxyglucose was
performed. This mutant produced twice as
much solvent and utilized carbohydrates
better. For the study of genetic mutations,
the pJT 297 and pBUT 23 plasmids were used
as compared to the original strain. These
plasmids were used to study the activity of
the fermentation genes of the C. beijerinckii
NCIMB 8052 and C. beijerinckii BA 101
strains at different cultivation periods. It is
the activity of the ptb and ctfAB genes, which
was determined by the mRNA accumulation
level, which is the distinguishing difference
between the strains. The activity of ptb
and ctfAB genes in the C. beijerinckii BA
101 strain was 2-fold higher than in the C.
beijerinckii NCIMB 8052 strain, and this
coincided with the increased level of solvent
production. Based on these results, it was
concluded that genetic mutations occurred in
these genes and they were essential in butanol
synthesis increase [45].

It was shown that the placement of a
transposon between restriction sites SnaBI
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and EcoRI resulted in decrease in the rate of
growth of the culture, decrease in the tendency
to degeneration and increase in viability.
Mutants actively grew in environments with
high sugar content, had long-term stability of
solvent production and the ability to grow at
42 °C according to phenotype and, as a result,
the target product accumulation increased
2-fold [46].

To improve the C. cellulovorans strain, a
shuttle plasmid pYLO0O1 with pMRL83151 was
developed by moving the 1138 bp fragment
containing the Cce7431/743 1I restriction site
and changes in ColEI and in the non-coding
region. This plasmid enabled to incorporate
genes that encode butanol synthesis (adhE1,
adhE2, bdhB, aorm) [47].

Several metabolic pathways were also
altered by integration plasmid technology [48].

As an alternative to plasmids, a A phage
vector was used. Typically, this vector is used
to create genomic libraries that require work
with DNA fragments larger than possible to
clone in a plasmid (greater than 10 kbp). Such
vector makes it possible to work with large
genetic constructs and incorporate them into
clostridial cells [49].

Genetically modified strains

Genetic manipulations with clostridia
were aimed at the altering of selected strain
genes to increase the accumulation of butanol,
to increase the tolerance of the strain, to
expand the range of raw material (substrate)
for cultivation and industrial production
of butanol not mixed for obtaining of other
solvents and acids [50]. The first effective
result of metabolic engineering was an
increase in acetone production. Acetoacetate
decarboxylase of the recombinant C. acetobu-
tylicum strain with amplified adc (encodes
acetoacetate decarboxylase) and ctfAB (encodes
COA transferase) genes that was involved in the
synthesis of acetone, became much more active
in the process of cultivation then usually, which
caused the early induction of acetone formation.
As a result, the concentrations of acetone,
butanol and ethanol increased by 95% , 37% and
90% respectively, compared to the parent
strain [51].

Most of the works were focused on the
inactivation of genes responsible for the
accumulation of acetate, butyrate and
acetone and enhancing the expression of
solventogenesis genes. High production
of butanol (16.7 g/l) was obtained by
inactivation of the butyratkinase (buk) gene.
Metabolic pathway analyses showed a 300%

increase in the butanol formation flow in the
recombinant strain. Cumulative silencing of
phosphatacetyltransferase (pta) butyratkinase
(buk) genes and adhE 1 overexpression (encodes
mutant aldehyde/alcohol dehydrogenase)
resulted in a 60% increase in butanol
production (from 11.8 to 18.9 g/1) with a 145%
increase in bioconversion butanol (0.71 vs.
0.29 mol/mol glucose) [52, 53].

Inhibition of acetyl-CoA acetate/
butyrate coenzyme transferase (CoAT) ratio
increases the ratio of butanol to acetone,
but decreases the accumulation and titer
of butanol [54, 55]. Various strategies
were used to increase the accumulation of
butanol by C. acetobutylicum strains by
overexpression of 6-phosphofructokinase
(pfkA) and pyruvate kinase (pykA) glycolytic
pathways [56]. The engineered strain
showed an increase in the intracellular
level of nicotinamidudinucleotide (NADN)
and adenosine triphosphate (ATP) and an
increase in butanol tolerance in connection
with increase in butanol concentration from
19.12 g/1to0 28.02 g/I.

Genetic analyses has shown that minor
alcohol dehydrogenase (sadh) was responsible
for the conversion of acetone to isopropanol
[67-59]. Sadh overexpression shows the change
of ABE to IBE processes in solventogenic
clostridial strains. Overexpression of sadh and
hydG (encodes the electron transfer protein)
led to an increase in the total amount of IBE
production (27.9 g/1) [60—65].

The silencing of histidine kinase in the
C. acetobutylicum ATSC 55025 asporogenic
strain has increased its tolerance to butanol
and its accumulation by 44% (18.2 g/l
vs. 12.6 g/1) and its productivity by 90%
(0.38 g/lh vs. 0.20 g/1h) [66, 67].

A butanol producing strain was also
constructed based on C. tyrobutyricum
with overexpression of adhE2, which was
asporogenic and accumulated butanol (20 g/1)
by cultivation with nutrition [68]. The
C. tyrobutyricum strain with inactivated ack
and adhE2 overexpression accumulated 16 g/1
butanol versus 10 g/1 in the original strain by
using mannitol as a substrate [69].

To increase the yield of butanol and
ethanol from lignocellulosic raw material, a
C. cellulolyticum producer strain was created
with overexpression of solventogenesis
genes and inhibited function of acidogenesis
genes. Alcohol dehydrogenase (adh) and
pyruvate decarboxylase (pdc) genes from
Zymomonas mobilis were incorporated into
C. cellulolyticum H10 strain to produce
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cellulose ethanol. Malatdehydrogenase (mdh)
and lactate dehydrogenase (Idh) genes were
added to increase ethanol accumulation by the
C. cellulolyticum H10 strain [70-72].

In [73], a strain of C. cellulolyticum was
improved by integrating thiolase (atoB)
with E. coli and a CoA-dependent butanol
synthesis pathway (adhE2, hbd, crt, bed) with
C. acetobutylicum. However, the resulting
strain produced only 0.12 g/1 of butanol from
cellulose after 20 days of cultivation.

In order to obtain butanol by using cellulose,
the C. cellulovorans strain was enhanced by
the integration of alcohol dehydrogenase
(adhE2) with C. acetobutylicum. Thus obtained
C. cellulovorans producing strain has been
producing butanol (3.47 g/1) from cellulosic raw
materials [47, 74—76].

In order to obtain butanol from the
thermotolerant strain of C. thermocellum,
a 2-keto acid strain was created for the
biosynthesis of isobutanol, which produced
5.4 g/1 of solvent during periodic fermentation
with use of cellulose [77].

Synthetic gases may be the alternative
substrates for butanol. To obtain butanol from
gas, the pathway of butanol biosynthesis was
transferred to C. ljungdahlii from C. aceto-
butylicum. Butanol accumulation of 0.15 g/1
was obtained by using gas as a carbon source,
which eventually decreased to 0.015 g/1[78].

By silencing the phosphatacetyltransferase
and acetoaldehyde dehydrogenase and
integrating the part of the genes from the
butanol synthesis pathway (thl, hbd, crt,
bed, butyraldehyde dehydrogenase and
NAD-dependent butanol dehydrogenase),
the Clostridium sp. MTButOH1365 mutant
strain was obtained from Clostridium sp.
MT1962 into the chromosome. The resulting
strain accumulated 22 g/1 of butanol from the
CO/H, gas mixture during periodic
cultivation [79].

The complexity of regulation of
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HaBenmeno gani JiTeparypu Iogo opraHi-
3alii reEoMy, ydJacTi reHiB y IpoAyKyBaHHI
Ta peryadnii cmHTe3y PO3YMHHUKIB i MeTa-
G6oaiunoi iHKeHepii cIUPTOYTBOPIOBAJIbHUX
KaocTpuxnii. IIpoanasidoBaHo mepexin Bin
a3y yTBOpEeHHA KHUCJIOT n0 a3y YyTBOPEHHS
CIIMPTIiB Ta 3B’sI80K OCTAHHLOI 3i crmoporeme-
30M. BusuHaueHo OCHOBHI KJI0OUO0Bi reuu (ak,
pta, buk, ptb, thl, crt, bed, BdhAB, ctfAB, adc,
rub, SpoOA, adhE, hdb), AsKi BOIuUBaOTh Ha
ix mepebir. ITokasaHO MOKJIUBICTH YIOCKO-
HaJIeHHS MITAMiB MIJIAXOM FeHETUUYHUX IIepe-
TBOPeHD (iHaKTUBAIil TeHiB, YBeJeHHS I'eHiB
iHIMUX MiKpPOOpraHisMmiB ToIro). YcraHoBe-
HO BIIJINB iHAKTUBYBAHHS T'eHiB Ha ONPOOy-
KyYBaHHA PO3UMHHUKIB. AHaJi3 MeTomiB mif-
BUINEHHA HAKONMUYEHHA OyTaHOJY 3acBiguuB
HeoOXigHiCTh CTBOPEHHA e()eKTUBHUX PEKOM-
OiHAHTHUX INTAMiB-IPOAYIEHTIB s HALCUH-
Te3y OyTaHOJIy B Pa3i BUKOPUCTAHHSA BiTHOB-
JIIOBAJIbHOI CUPDOBUHMA.

Knawouwosi croea: 6yranos, MITaMU-IPOAYIIEHTH,
KJIOCTPHUii, COJIBEHTOTEeHE3.

METABOJHYECKAA NHKEHEPU S
COJIBEHTOI'EHHBIX Clostridia

Tuzynosa E. A.
Beiiko H. E.
Andpuaw A. C.
ITynvea C. M.

I'Y «lHCTUTYT IUIIEeBOIl OMOTEXHOJIOTUN
u resomuku» HAH Ykpaunubi», Kues

E-mail: Shulga5@i.ua

IIpuBemeHb! JaHHBIE JUTEPATYPHI OTHOCH-
TeJbHO OPTraHMB3AIUU FeHOMa, YUACTUS I'eHOB
B IPOAYIIMPOBAHUY U PETYJIAINY CUHTE3a pac-
TBOpUTEJel 1 MeTaboJIUUYeCKON MHIKeHEePUun
crupTooOpasyoInux Kiaoctrpunuii. [Ipoamaan-
3UpPOBaH mepexol oT Gas3bl 00pasoBaHUA KUC-
JIOT 10 a3kl 06pa3oBaHUs COUPTOB U CBA3D
mocJyieHEr0 co croporeHezom. OnpeneseHbI
OCHOBHBIE KJIOUeBLIEe TeHbI (ak, pta, buk, ptb,
thl, crt, bed, BdhAB, ctfAB, adc, rub, Spo0OA,
adhE, hdb), KoTopble BIUAIOT Ha uX xox. Ilo-
KasaHa BOBMOYKHOCTH YCOBEPIIIEHCTBOBAHUSA
IITAMMOB NIyTeM TeHeTUUYECKUX mpeobpaso-
BaHUU (MHAKTUBAIIUU I'eHOB, BBEIEHUA I'eHOB
IPYTUX MUKPOOPTAHWU3MOB U ApP.). Y CTAHOB-
JIEHO BIMAHNE WHAKTUBAIIUU T€HOB HA MIPOIY-
IIPOBaHUE pacTBOpuUTeael. AHAaIN3 METOI0B
MOBBINIEHUA HAKOILJIEHUS OyTaHOJa moKasaJ
HeoOXOQMMOCTh CO3JaHuA 93P (PEeKTUBHBIX pe-
KOMOMHAHTHBIX IITAMMOB-IPOAYIIEHTOB IJA
HaJCcUHTe3a OyTaHOJIa NPU HUCIOJb30BAHUU
BO30OHOBJISIEMOTO CHIPbA.

Knrouesvle cnosa: 6yTaHo I, MITAMMBI-IIPOAYIIEH-
ThI, KJIOCTPUIUU, COJIBEHTOTEHES.
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Hepatobiliary system diseases represent an important medical and social problem due to
increasing morbidity rates worldwide. Liver and biliary diseases are characterized by complex
pathophysiology as well as by multi- and comorbidity. The treatment of such diseases necessitates
multitarget drug development. The effectiveness of current drugs in the treatment of hepatobiliary
disorders remains low and the incidence of side-effects are profound. This actualizes the search and
development of highly effective hepatoprotectors with a low incidence of side effects. Medicinal
plants potentially constitute a sourse of such preparations. The review summarizes the data
concerning mechanisms of hepatoprotective and immunomodulatory effects of medicinal plants
and their phytoconstituents. The prospects for the development and use of herbal remedies in the

treatment of hepatobiliary diseases are outlined.
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Digestive system diseases (DSD) are among
the most common pathologies of internal
organs, found in 10 to 15% of population of
the developed countries [1, 2]. Usually, the
anatomically and functionally related systems
and organs are involved in the pathological
process of these diseases. For many years,
the prevention and treatment of DSD have
been one of the most important medical
problems. The most frequent pathological
conditions of the digestive tract are diseases
of the hepatobiliary system. In particular, the
diagnosis of hepatobiliary disorder is among
the top 100 in the US and many European
countries. As of 2018, hepatobiliary pathology
accounts for more than a quarter of cases per
year of all DSD in USA [3-5]. According to
WHO, more than 2 billion people worldwide
suffer from the pathology of the hepatobiliary
system, 100 times the number of patients with
HIV. Annually, 500 000 to 1 million patients
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with liver, gallbladder and biliary tract
diseases are registered in the Commonwealth of
Independent States. In Ukraine, the pathology
of the hepatobiliary system is 60.32% of
all DSD. The prevalence of that pathology
increased by 20.1% in Ukraine in the latest
decade [6, 7]. Diseases of the hepatobiliary
system include a wide range of pathological
conditions of the liver, gallbladder and biliary
tract of infectious and non-infectious etiology.
The liver diseases are classified into diseases
related to malformations, hereditary diseases,
and chronic diseases which account for the
largest share. Chronic types of hepatitis are
of viral, congenital or autoimmune nature,
and take the leading place among chronic
liver diseases. Pathological conditions of
the biliary system include diseases caused
by birth defects of the gall bladder, and
diseases of the biliary tract. Those, in turn,
are divided into functional disorders in the
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forms of dyskinesias of hypotonic, hypokinetic
and hyperkinetic types, and cholecystitis,
cholangitis and cholelithiasis [8]. The
cholelithiasis is the most costly hepatobiliary
disease. Medically, it involves the formation
of concretions in the gallbladder due to the
abnormally high cholesterol or bilirubin (heme
breakdown product) in bile [9]. Almost 20% of
adult Europeans, and nearly as many Asians
have gallstones. Cholelithiasis is mostly found
in female patients. It is a chronic state, with
prevalence increasing with age (reaching
plateaus after the ages of 50 and 60 in
women and men, respectively). Hence, highly
prevalent cholelithiasis in the elderly people
is considered to be one of the most serious
medical problems of the contemporary aging
human population. In addition, cholelithiasis
is also a major cause of gallbladder carcinoma,
which is fifth of the most common cancers and
has an extremely high patient mortality rate.
The main reasons for the increasing prevalence
of cholelithiasis are the dominance of high-
calorie diets combined with a general decrease
in physical activity [10—13].

Diseases of the hepatobiliary system
(HBD) can occur in acute and chronic forms,
as well as be accompanied or cause a number
of threatening conditions with characteristic
symptoms and syndromes: jaundice,
portal hypertension, hepatic coma, hepatic
insufficiency, cirrhosis, general intoxication
[14, 15].

The aforementioned suggests that
functional disorders of the liver and biliary
tract are one of the most important problems
for healthcare professionals worldwide.
Different groups of pharmaceuticals are
used in the complex treatment of HBD, but
special place among the medical preparations
are those with a selective effect on the liver,
hepatoprotectors. The mechanisms of direct
protective action of most hepatoprotectors
are not yet fully understood. However, they
are known for their membrane-stabilizing,
antitoxic, anti-inflammatory, choleretic,
antiviral, antioxidant, immunomodulatory
and other effects [16, 17]. Hepatoprotective
preparations normalize metabolic processes
and homeostasis in the liver, increase the
resistance of hepatocytes to pathogenic
effects, stimulate regenerative processes,
restore the liver parenchyma and normalize
its physiological functions. However, the
existing hepatoprotective preparations
for the treatment of HBD are still poorly
effective, primarily due to the side effect
caused by toxic chemicals [18, 19]. Hence,

medicines with low or no side effects are
needed, which incited research that is
aimed at finding and developing effective
hepatoprotective herbal remedies [20—24].
Polyherbalism in phytotherapy
Phytotherapy (PT) is a form of
complementary and/or alternative medical
practice [25]. It is usually implemented with
the common treatment, not instead of it [26].
Today the share of phytopreparations in the
world pharmaceutical market is over 40%.
According to WHO, this proportion will
increase to 60% of the total list of medicines
over the next ten years. The fact that the Nobel
Prize in Physiology and Medicine in 2015 was
awarded to Tu Youyou, William C. Campbell
and Satoshi Omura for the discovery of
natural products for the treatment of tropical
parasitic diseases is in favor of the progressive
development of phytopharmacology [27, 28].
There is a plethora of crude drugs derived
from medicinal plants which are used in the
treatment of various human diseases and
ailments. For a systemic study of crude plant-
derived medications it is very important to
classify them in proper system. There are
several classifications of crude plant-derived
drugs: alphabetical cassification (crude
phytopreparations are arranged alphabetically
either in Latin name or in English name);
taxonomical (botanical) classification
(phytopreparations are arranged in a group
according to their division, class, order,
family, genus and species); morphological
classification (phytopreparations are arranged
in a group according to the used part of plant,
e.g. flower, root, etc.); pharmacological
classification (phytopreparations are
grouped according to their pharmacological
action, e.g. anticancer, anti-inflammatory,
antibacterial, etc.); chemical classification
(phytopreparations are classify according
to their content of active substances, e.g.
alcaloids, volatile oils, etc.). Additionally, all
phytopreparations are divided into three broad
categories (Fig. 1): preparations based on
dried raw materials (compositions of collected
plants, briquettes); extraction preparations;
preparations composed by separate fractions
of raw materials (juices, oils). Extraction
preparations, in turn, are divided into galenic,
neogalenic, and preparations of individual
biologically active compounds (BAC) of plant
or more complex origin. Galenic formulations
are preparations which have a complex
chemical composition and are a product of
treatment of herbal medicinal raw materials
for preservation of BAC in the native state.
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Plant-derived crude drugs

Dry crude drugs 1 | Extraction drugs | [Separatedfractians of plant raw |

Galenic {summarized Active Combined MNovo-galenic (summarized
non-refined) formulations || pharmaceutical || phyto refined) formulations
ingredients preparations
Infusions and decoctions
Tinctures
Extracts

Fig. 1. Classification of plant-derived crude drugs

Neogalenic formulations are mixtures of active
substances of plants, purified from ballast and
related substances. Complex preparations, in
addition to plant BAC, may include chemical
constituents. Galenic preparations, in turn,
are divided into infusions and decoctions,
tinctures, extracts (liquid, thick and dry),
and preparations from fresh raw materials.
By the method of implementation of drugs in
PT, the preparations can be divided into those
intended for internal and external application.
The liniments (balms), ointments, creams, and
compresses are intended for external use.

Plant extracts are the base of all herbal
preparations for internal use. The extracts
separate the useful (medicinal) components
from the fibrous, less useful part of the plant.
Tinctures are highly concentrated, mostly
alcohol-based extracts of fresh or dried plants.
Most BAC of medicinal plants are soluble in
alcohol, thus this way of separating them from the
plant is the most effective. Elixirs are tinctures
with the addition of sweeteners. Extraction can
be also realized from an herbal tea, which is the
most popular, simplest and least concentrated
aqueous extract of medicinal plants. The use
of herbal extracts in a tea preparation is ideal
for chronic conditions, including HBD, when
long-term exposure to BAC of medicinal plants
in low concentration is desirable. Among tea
preparations, there are decoctions and infusions.
Infusions are mostly prepared from the above-
surface plant parts (flowers, leaves), by treatment
of plant material with boiling water and letting
it steep for a varying period of time to obtain
drugs with different BAC concentrations. Not
only flowers and leaves, but also seeds, roots
and bark are used to make decoctions. In that
case, raw plant material is added to cold or
boiling water and maintained at a temperature
of 50—-100 °C also for different time intervals
[29-31].
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An important element of the development
of PT is the development of complex herbal
products based on mixtures of medicinal
plants. This is due to the increasing level
of comorbidities (coexistence of two or
more syndromes or diseases in one patient,
pathogenetically interrelated or coincidental)
and polymorbidities (presence in the individual
of several diseases having synchronous
course in different phases and stages, both
related and unrelated genetically and in their
pathogenesis) in current therapeutic practice
[32—36]. The comorbidity is also characteristic
of HBD [37—39]. The simultaneous presence
of several pathological conditions, as well as
complex pathophysiology of many diseases,
including HBD, dictates the need for using BAC
of medicinal plants with biological action of
different nature. This requires an in-depth study
of the biological effects of herbal mixtures, and
the possible synergism and antagonism of herbal
BAC in their composition. The multicomponent
mixtures of medicinal plants are preferable
because of the proven fact of synergistic and
additive action of plant BAC in the certified
and newly created polyherbal compositions.
Recently, the traditional “one drug, one target,
one disease” approach in the development of
preparations and treatment strategies has
become increasingly replaced by a new approach,
the therapy combining the use of several active
substances. This change in priorities is partly
due to the limited therapeutic efficacy of
mono-component treatment of poly-etiological
diseases that have complex pathophysiology,
such as cancer, neurodegenerative diseases,
diabetes, most chronic diseases, including liver
and gall bladder disorders, etc. Another reason
is the development of drug resistance in case
of mono-component therapy, as well as the side
effects of synthetic monopreparations [40—42].
In addition, the development of analytical
chemistry and molecular biology techniques has
broadened our understanding of the therapeutic
targets of many diseases and multicomponent
therapeutic approaches. Phytotherapeutic
medical systems also use multicomponent herbal
remedies in many cases, as numerous studies
have proven their superior efficacy compared to
single medicinal plants [43, 44].

Herbal preparations in the pathogenetic
treatment of hepatobiliary diseases

The use of herbal remedies in the
treatment of HBD worldwide is considered
as an alternative to existing pharmaceuticals
because of the formers’ safety, availability,
cost-effectiveness, and therapeutic efficacy
[45]. TUCN has proposed the use of about
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50000 to 80000 flowering plants for medicinal
purposes, many of which are used in the
treatment of liver disease, gallbladder and
biliary tract ailments. According to the
literature, about 35% patients suffering from
chronic HBD prefer to use herbal remedies
for treatment, and more than 60% use herbal
remedies in combination with synthetic drugs
[46, 47]. The main directions of phytotherapy
for HBD are rehabilitation after acute
diseases, treatment of exacerbated chronic
diseases, prevention of possible relapses
of liver and biliary diseases, restoration of
disturbed metabolic processes (in steatosis
and steatohepatitis of different etiology, post-
cholecystectomy syndrome, etc.), reduction of
side effects of chemotherapy, and restoration
of reduced overall reactivity of the body due to
adverse environmental factors.

According to numerous literature data
and our own results, hepatoprotective
properties have been found in plants of many
families (Fig. 2), most often Acanthaceae,
Amaranthaceae, Asteraceae, Cyperaceae,
Euphorbiaceae, Fabaceae, Primulaceae,
Rosaceae, Rutaceae, Schisandraceae,
Scrophulariaceae, Solanaceae, Utricaceae, and
many others [48—52]. Constituents of medicinal
plants with hepatoprotective properties are
mainly secondary metabolites produced by
the plant against herbivores, phytopathogenic
microorganisms, insects and competing
plants [53].

The most well-known hepatoprotective
plant constituents (Fig. 3) include numerous
phenolic compounds, including flavonoids,
terpenoids or terpenes, alkaloids and some
others[53, 54].

Most publications on the hepatoprotective
properties of plant
constituents concern

in many vegetables (soy, pepper) and fruits
(pomegranate, guava, peach), tea and a large
group of medicinal plants. Phytophenol
compounds include several classes of
substances: flavonoids (flavones, such
as luteolin; flavonols, such as quercetin;
flavanone, for example, hesperidin, and
flavanonols, including taxifolin), biflavonoids
or dimers of flavonoids (for instance, bilobetol),
isoflavones (such as genistein), chalcones
(e.g., phloretin), phenolic acids (among
which there are two classes, benzoic and
cinnamic acid derivatives). Hydroxybenzoic
acids include gallic, p-hydroxybenzoic,
protocatechuic, vanilla and syringic acids [56].
Hydroxycinnamic acids are more common
than hydroxybenzoic and are composed mainly
of p-coumaric, caffeic, ferulic and sinapinic
acids [57], as well as esters of caffeic acid with
chlorogenic acid, and 2-hydroxyhydrocaic acid
(rosemary acid), capable of hydrolysis and
condensed tannins, lignans and stilbenoids.

Antioxidant action is the most important
hepatoprotective mechanism of phenolic
compounds inherent in a wide range of
medicinal plants. Plant phenolic compounds
normalize the enzymatic activity of liver
cells, maintain the balance of the oxidant-
antioxidant system, as well as can selectively
activate apoptosis of malignantly transformed
cells. The biological activity of plant phenolic
compounds depends on the method of
their extraction and composition, the dose
dependence of the effects of these drugs varies
greatly depending on the type of compound and
is still under investigation [58, 59].

The polyphenolic plant compounds with
hepatoprotective action which attract the
most attention are flavonoids, the largest

polyphenolic compounds.
Plant polyphenols have
various pharmacological
effects on oxidative
stress, lipid metabolism,
insulin resistance and
inflammation, which
are the most important
pathological processes
in the etiology of liver
disease [55]. This puts
the polyphenols in the
spotlight when looking
for phytotherapeutic
drugs to treat HBD.
High content of
polyphenols is present

Amaranthaceae
e.g. Amaranthus
tricolor Linn.

Acanthaceae
e.qg. Scutellaria
baicalensis
Georgi

Asteraceae Polygonaceae Hypericaceae
e.g. Calendula e.g. Polygonum e.g. Hypericum
officinalis aviculare perforatum

“ o Y

Cyperaceae Lamiaceae Primulaceae Euphorbiaceae Portulacaceae
e.g. Cyperus e.g. Mentha e.g. Primula e.g. Phyllanthus || e.g. Portulaca
alternifolius L. || piperita sinensis niruri L. oleracea
2 L ' h i

e

Fig. 2. Commonly used medicinal plants with hepatoprotective properties
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Fig. 3. Plant secondary metabolites

class of plant polyphenols. More than 6000
plant flavonoids have been described. Plant
flavonoids are characterized by significant
structural diversity, high multifaceted
biological activity and low toxicity.
Herbal flavonoids have a wide range of
pharmacological properties: antioxidant,
angioprotective, hepatoprotective, choleretic,
diuretic, neurotropic, etc. It is medicinal
plants containing flavonoid compounds that
are considered to be the most promising source
for the creation of herbal preparations. In view
of this, numerous attempts have been made
to systematize and classify plant materials
containing flavonoids. One such classification
is proposed by pharmacologists of the Samara
State Medical University, according to which
medicinal plants that accumulate flavonoids
are divided into pharmacopoeial plants
containing flavonoids as a leading group of BAC
(immortelle, pigweed, etc.), pharmacopoeial
essential oil plants containing flavonoids
(yarrow, peppermint, etc.), pharmacopoeial
plants containing bitter compounds and
flavonoids (dandelion, plants of the genus
Leonurus, etc.), pharmacopoeial plants
containing saponins and flavonoids (licorice,
horse chestnut, etc.), pharmacopoeial plants
containing vitamins and flavonoids (calendula,
tickweed, rosehips, etc.), pharmacopoeial plants
containing simple phenols and flavonoids
(sharp-leaf willow, etc.), pharmacopoeial
plants that contain tanning substances and
flavonoids (bird cherry, blueberries, etc.) and
pharmacopoeial plants containing alkaloids and
flavonoids (celandine, etc.) [60].

One of the most widely used and
thoroughly researched herbal hepatoprotective
flavonoid drugs are flavonoid lignans of
Silypum marianum, known as silymarin
and characterized by distinct antioxidant,
cytoprotective and anticarcinogenic properties.
In addition, the antiviral properties of
silymarin have been reported in patients with
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viral hepatitis. Silymarin has also been shown
to be effective in patients with non-alcoholic
liver steatosis, where it has a potent antioxidant
effect, stabilizes hepatocyte membranes, and
restores mitochondrial function [61, 62]. The
membrane-stabilizing effect of the thistle
flavonoids is also due to the fact that silibinin,
the basic BAC of silymarin, is able to interact
directly with hepatocyte membranes [63].

Catechins, the flavonoid components
of green tea, can stimulate the synthesis
of antioxidant defense enzymes, such as
glutathione transferase (GT) and superoxide
dismutase (SOD), thereby realizing their
hepatoprotective effect [64].

Luteolin, a flavone of weld, can enhance
the activity of antioxidant defense enzymes
and modulate the synthesis of xenobiotic
metabolizing enzymes [65].

Genistein, a legume isoflavone, is capable
of regulating NFkB-dependent signaling
and thus influences the synthesis of many
inflammatory mediators. The flavonone
naringenin, found in many citrus fruits, as
well as flavonol quercetin, are capable of the
same effect [55]. Polyphenolic compounds such
as resveratrol (stilbenoid), curcumin etc. can
activate apoptosis of malignantly transformed
cells, including liver carcinoma cells, possess
antifibrotic properties, activate numerous
signaling cascades involved in the regulation
of lipidoximidoxide oxidase [66].

It is also traditional to use glycyrrhizin
(saponin, contained in the roots of licorice)
to treat pathologies of hepatobiliary system.
This herbal remedy has been used for many
years in disorders of liver function associated
with obesity, as well as in the treatment
of non-alcoholic liver steatosis. Numerous
animal models have shown that glycyrrhizin
is capable of reducing hepatic lipogenesis,
has antioxidant activity, and restores insulin
sensitivity [67, 68].

Terpenoids are divided into hemiterpenes,
monoterpenes, sesquiterpenes, diterpenes,
triterpenes, tetraterpenes and politerpenes.
Terpenoids are widespread in medicinal
plants and are part of essential oils and
resins. Terpenoids include saponins,
steroid compounds, triterpene bitternesses,
carotenoids, rubber and gutta-percha.
The ether-bearing plants that accumulate
terpenoids are representatives of Lamiaceae,
Cupressaceae, Pinaceae, Apiaceae, Brassicaceae,
Myrtaceae, Asteraceae and Rosaceae. Essential
oils can accumulate in flowers, fruits, roots
and wood of plants. Plant bitternesses are
represented mainly by monoterpenoid iridoid
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glycosides and accumulate in Valerianaceae,
Lamiaceae, Scrophulariaceae, Plantaginaceae,
etc. Sesquiterpene bitternesses are found in
yarrow and wormwood. The most common
plants containing terpenoids are anise,
mountain arnica, birch, valerian, goldenrod,
coriander, medicinal dandelion, oregano,
peppermint, sage medicinal and some others
[69]. Powerful hepatoprotective properties are
observed in tetracyclic terpenic saponins such
as dammarane (found in Apiaceae), derivatives
of lanostane and cycloartan (in Ranunculaceae),
cucurbitan (accumulates in Cucurbitaceae), as
well as pentacyclic terpene glycosides, which
are found in Lamiaceae and have the lowest
level of hepatotoxicity [70].

Much attention has been paid in recent
years to herbal terpene hepatoprotective
preparations with andrographolide, a labdane
diterpenoid, which is the main biologically
active component of the medicinal plant
Andrographis paniculata and known a “king
of bitterness” for its exceptional taste. In
addition to hepatoprotective properties,
this phytoconstituent has powerful
antioxidant properties, antidiabetic,
antiviral, antibacterial, antimalarial and
antiatherosclerotic effects. It is considered
by experts in the field of pharmacology as a
substrate for a number of preparations with
anti-inflammatory properties [71, 72].

As for plant alkaloids, hepatoprotective
activity has been reported for phylantine,
a compound from Phyllanthus niruri, plant
of the family Phyllanthaceae. It is capable
of antioxidant activity and in animal model
studies has demonstrated the ability to
restore enzyme homeostasis [73]. One of the
most famous barberis alkaloids, berberine,
is also used in the treatment of HBD and
has choleretic and antispasmodic effects.
This alkaloid lowers the viscosity of bile and
promotes bile excretion, reduces the tone of
the gallbladder smooth muscle, and reduces the
amplitude of its contractions [74, 75].

For the treatment of disorders of the biliary
system, the most commonly used preparations
are herbal choleretic drugs, which are divided
into choleretics (enhancing the formation of
bile by the liver), cholekinetics (stimulating the
reduction of the gallbladder) and spasmolitics
(increasing the excretion of bile by removing
spasm of bile ducts) [76]. To date, more than
100 medicinal plants whose preparations can
be used as choleretics have been described in
the literature. Medicinal plants with choleretic
properties can be divided into the following
groups by the mechanism of action: 1) medicinal

plants with choleretic properties (cumin,
yarrow, calendula, mint, corn stalks, roots and
stalks of dandelion and rose, etc.); 2) medicinal
plants with anti-inflammatory action (plants of
the genus Hypericum, buckthorn, chamomile,
yarrow, nettle, etc.); 3) medicinal plants used
against the biliary tract dyskinesia of hypertonic
type (valerian, belladonna, chamomile, barberry,
etc.); 4) medicinal plants used in dyskinesia of
the biliary tract of hypotonic type (peppermint,
thyme, tansy, etc.) [77].

It is quite difficult to classify medicinal
plants that affect only the liver or only the bile
ducts. The reason is that each plant affects
several components of the hepatobiliary
system. There are plants that affect mainly
the liver parenchyma, others may affect
mainly the excretion of bile, some have mainly
antispasmodic effect. On the other hand,
there are medicinal plants with choleretic
and cholelitic action, which in addition have a
bacteriostatic or bactericidal effect, thus they
can be used as complementary preparations
in the treatment of cholangitis and
cholecystitis [78].

To conclude that review on the use of
medicinal herbs in the pathogenetic treatment
of HBD, it should be noted that phytotherapy
in case of chronic liver and biliary tract diseases
usually lasts for several months. Usually,
complex herbal remedies are utilized containing
multiple medicinal plants with synergistic
and/or additive action, or several different
medicinal plants are used sequentially [79]. The
principal hepatoprotective mechanisms of herbal
remedies are mainly to restore normal levels
of liver enzymes in serum, including alanine
aminotransferase, aspartate aminotransferase,
alkaline phosphatase, and enzymes of
antioxidant protection, as well as total bilirubin
and total protein levels. The choleretic influence
of medicinal plants includes effects on both the
formation and secretion of bile [80].

Prospective directions in the search for
new herbal hepatoprotective agents are the
creation of medicinal plants compositions
that contain BAC complementing each other
without causing toxic effects.

Immunomodulatory effects of medicinal
plants

One of the most important mechanisms
of hepatoprotective action of medicinal
plant preparations is the influence of their
constituents on various components of
the inflammatory response. The ability
to modulate immune reactivity is one of
the most significant manifestations of the
biological activity of herbal remedies. The
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function of the immune system is closely
linked to the general state of human health,
so the pathogenesis of many diseases involves
disorders of the immune reactivity. Local
and systemic inflammation is an important
component of the pathophysiology of diseases
of the hepatobiliary organs [81-84] (Fig. 4).
However, it is still rare to incorporate medicinal
plants with immunomodulatory properties into
polyherbal remedies in medical practice. It is
more common in experimental studies [85—87].
In the modern society, there is a significant
proportion of persons of working age with
compromised immune reactivity, that is, with
abnormally functioning effector mechanisms
of both innate and adaptive immunity [88—90].
Immune reactivity disorders, associated with
many diseases (including HBD), as well as the
compromised immune system of otherwise
healthy individuals require the development of
safe and effective means of immunocorrection.
Existing synthetic immunocorrectors
(immunomodulators) have low therapeutic and
prophylactic efficacy and cause a number of
side effects, which, for instance, can adversely
affect the functioning of some parts of the
immune system. Thus, particular attention
in recent years has been paid to the study of
natural immunomodulators of microbial,
animal and plant origin [91, 92].
Phytoconstituents of medicinal plants
can exert immunosuppressive, immuno-
stimulatory and homeostatic (normalizing)
immunomodulatory effects. In addition,
herbal remedies enhance the efficacy of the
anti-infective chemotherapeutic agents in
the treatment of infections [93, 94]. Due to
immunostimulatory properties, herbal remedies

M1-polarized Kupffer cells
release hepatotoxicants A%,
such as reactive oxygen '-b
species, pro-inflammatory
okines and chemokip

Neutrophilsgeneraté
oxidative stress
which leading
eventuallyto
hepatocyte death

: DAMPs-activated neutrophil

extracellulartrap exacerbates
inflammatory liver injury

Fig. 4. Innate immune cells in liver and gallbladder inflammation
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have long been used as vaccine adjuvants [95].
In particular, the extracts of Azadirachta indica
leaves and of ginseng root exhibit adjuvant
activity in the composition of antitumor vaccines
compared to those of the complete and incomplete
Freund’s adjuvant [96]. The most famous
herbal adjuvants are saponins. Many of these
biologically active substances are found in edible
crops such as potatoes (a-solanine, a-chaconin)
and tomatoes (a-tomatine). The ability of plant
saponins to stimulate cellular immune responses
is now considered in the prospect of developing
so-called edible vaccines, a type of mucosal
vaccines that are considered as an alternative
to injected vaccines [97]. Vegetable proteins,
such as carbohydrate-binding lectins, have
adjuvant activity comparable to that of cholera
toxin, which has been demonstrated in animal
models using mucosal vaccines for intranasal
administration [98]. The adjuvant action of the
abovementioned herbal preparations is based
on their ability to activate nonspecifically the
functions of the immune system cells involved
in the initiation of the immune response, such
as macrophages, monocytes, and neutrophils.
Genetically modified plant organisms are also
used for the creation of antitumor vaccines. The
extracts of such plants contain targeted tumor-
associated and tumor-specific antigens, which are
used not only to manufacture antitumor vaccine
preparations, but also for the development of
diagnostic test systems in oncology. Vaccines
based on such extracts contain not only the
transformed plant-targeted protein or DNA, but
also the adjuvant biologically active substances
synthesized by the plant [99, 100].

Echinacea is one of the herbs that have been
used for a long time to restore compromised
immune reactivity, including in
childhood. The preparations of
all existing species, Echinacea
angustifolia, Echinacea
purpurea and Echinacea
pallida, are used to enhance
suppressed immune reactivity.
Echinacea preparations enhance
the cytotoxic activity of
macrophages and natural killer
cells, activate the metabolism
of neutrophils, stimulate the
synthesis of interleukin-6 (IL-
6), tumor necrosis factor-a
(TNF-a), IL-12, etc. [101, 102].
Extracts of root and aerial plant
parts of Echinacea purpurea
can significantly enhance the
antigen presenting activity of
dendritic cells by activating
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JNK, p38-MAPK and NF-kB-dependent
signaling pathways [103]. Another example of
the oldest used plants, whose preparations are
characterized by a powerful immunostimulatory
action, is garlic (Allium sativum). Garlic is called
a “plant antibiotic” because of its antiseptic
properties and anthelmintic effect. Garlic
extracts contain more than 200 biologically
active constituents, including about 33 sulfur-
containing compounds, numerous enzymes,
amino acids and minerals, for example,
selenium. Aqueous extract of garlic has a
dose-dependent stimulatory effect on the
leukocyte oxidative metabolism and enhances
the proliferative activity of T cells. Lectins,
contained in raw garlic, affect the isotype
switching of immunoglobulins, reducing
IgE synthesis while enhancing IgG and IgM
production. Garlic preparations (mainly
aqueous fresh extracts and tinctures) are used
to overcome stress-induced immunosuppression
[104-106]. The immunostimulatory properties
of ginseng (Panax ginseng) are also widely used.
The saponins and glycosides from this plant
have powerful adaptogenic properties. Ginseng
extracts enhance the migration ability of
leukocytes, including macrophages and T-cells,
stimulate the synthesis of proinflammatory
cytokines and plant factors such as IL-1, IL-2,
TNF-a, granulocyte-macrophage colony-
stimulating factor, etc., and enhance B-cell
antibody generation and mitogen-induced
proliferative activity of lymphocytes. Ginseng-
based dietary supplements enhance vaccination
efficacy by acting as mucosal adjuvants [107—
109]. Powerful immunostimulatory properties
are described for Sambucus nigra. Syrups and
aqueous extracts of its berries, as well as teas
based on it, stimulate the leukocyte migration
to the foci of infection and increase the
functional activity of myeloid cells in the acute
phase of inflammation [112]. To enhance the
suppressed immune reactivity, different forms
of preparations can be used. They may contain
extracts of different parts of one plant, selected
individual BAC and their mixtures, as well as
polyherbal phytopreparations, which include
extracts or phytoconstituents of several plants.
A wide range of commercial phytopreparations
with immunostimulatory activity is introduced
into the medical and veterinary practices, among
which polyherbal compositions are predominant,
with therapeutic and prophylactic action based
on the synergistic action of BAC of various
medicinal plants. Here are several examples of
such drugs:

e ImmuPlus® — polyherbal veterinary
immunostimulatory drug comprising four

medicinal plants: Ocimum sanctum, Tinospora
cordifolia, Emblica officinalis and Withania
somnifera [111].

e Echinacealiquid® — polycomponent
syrup, which includes extracts of three
species of echinacea. Used to restore immune
reactivity suppressed by prolonged infectious
processes, etc. [112].

e Sambucol® — a preparation, 38% of
which is made up by a standardized elderberry
extract, and the rest are polyphenolic
compounds of other medicinal plants. It is used
to enhance immune reactivity in patients with
viral infections [113].

Many of phytopreparations have immuno-
suppressive activity, the action of which
is aimed at controlling the inflammatory
activation of the immune system. Often, a
systemic inflammatory response syndrome
(SIRS) may develop in the case of many diseases
of inflammatory etiology, both infectious in
nature (bacterial, viral, fungal diseases and
infectious processes of mixed etiology), and
aseptic inflammatory diseases (rheumatoid
arthritis, diseases of the hepatobiliary system,
metatabolic syndrome, sugar mellitus, gout)
if the inflammatory process is generalized.
SIRS is accompanied by cytokine storm
which is the high level of synthesis of anti-
inflammatory cytokines, possibly dangerous
to the patient’s life. The cytokine storm is
particularly characteristic for viral infections
caused by flu virus. The cytokine storm in
this case is most often the cause of lethality
[114]. Numerous studies have revealed the
high efficiency of multicomponent herbal
remedies in overcoming cytokine storms,
especially in infectious diseases. The authors
of these publications convincingly prove
the synergistic effect of phytoconstituents
of various medicinal plants in inhibiting
the proinflammatory immune response and
stimulating restorative, homeostatic immune
responses [115]. As noted above, the vast
majority of effective herbal immunomodulators
are multicomponent drugs, and physicians that
practice phytomedicine convincingly prove
that the synergistic or additive effects of
BAC of different parts of one plant or several
in the composition of a complex preparation
are fundamentally important for the drug’s
immunomodulatory activity and therapeutic
efficacy. However, the evidence base for this
assertion is still insufficient and requires an
in-depth study of the immunomodulatory
properties of complex herbal preparations with
the ability to modulate immune reactivity to
optimize their use in the complex treatment
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of human pathology. The ancient recipes of
multicomponent phytocompositions that have
been used for a long time in Traditional Chinese
Medicine or Ayurvedic practice have only
recently been subjected to an analysis of their
high efficiency mechanisms. In particular, the
immunomodulatory effect of a mixture of black
pepper (Piper longum) and ginger (Zingiber
officinalis) is based on the ability of the piperine
alkaloid contained in black pepper to increase
the bioavailability of ginger phytoconstituents.
The result of the high immunomodulatory
efficacy of multicomponent herbal remedies
can be more than a synergy (a more pronounced
effect in the case of a combination of
preparations in comparison with individual
use). In some cases, the phytoconstituents of
one of the components of the multicomponent
preparation help to preserve the nativeness and
biological activity of the other. For example,
the antioxidant BAC contained in large
quantities in valerian, garlic, or ginger extracts
can help to preserve the integrity of the BAC of
combined medicinal plants. Studies of ancient
multicomponent phytopreparations have
shown that their immunomodulatory activity is
completely or substantially lost when they are
fractionated or used in separate components.
The mechanisms of high immunomodulatory
activity of combinations of medicinal herbs such
as bell pepper (Piper methysticum) and valerian
(Valeriana officinalis), ginseng and ginkgo, are
still under investigation[116, 117].

An example of a plant whose preparations
have long been used in medical practice to
control inflammation is Glycyrrhiza glabra.
Phytochemical analysis of licorice preparations,
carried out by numerous scientific groups,
proved that the phytoconstituents responsible
for the anti-inflammatory action of its
preparations are saponins, flavonoids
and pectins. Licorice preparations inhibit
phospholipase A, enhance the synthesis of IL-10
and other anti-inflammatory cytokines,
stimulate differentiation of regulatory T-cells,
etc.[118, 119].

Curcuma longa L. also has potent anti-
inflammatory activity. One of the mechanisms
of action of turmeric BAC-based preparations
is the inhibition of cyclooxygenase-2 and
the stimulation of cytokine shift toward the
predominance of Th2 type cytokines [120]. A
herb with a pronounced anti-inflammatory
effect is Zingiber officinale. More than 400 BAC
have been found in ginger root, of which about
70% are carbohydrate compounds. Aqueous
extracts of ginger root inhibit the lipoxygenase
and cyclooxygenase activity of leukocytes,
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enhance the synthesis of anti-inflammatory
and immunoregulatory cytokines, such as
transforming growth factor-pf (TGF-B) and
IL-12. Dietary supplements which include
ginger are effective in the complex treatment of
peptic ulcer disease. It should also be noted that
ginger preparations are capable of controlling
Th2 inflammation which is characteristic to an
allergic pathology [121]. The anti-inflammatory
properties of Nigella sativa, which has only
recently been adapted to cultivation in Ukraine,
have been used for more than 2000 years. The
anti-inflammatory immunomodulatory action
of preparations and supplements based on
this plant is realized due to the presence of
polyunsaturated fatty acids in its composition,
which inhibit the induced oxidative metabolism
of mononuclear phagocytes, reduce the
synthesis of eicosanoids and enhance production
of anti-inflammatory and immunoregulatory
Th2-profile cytokines [122]. Anti-inflammatory
immunomodulatory activity is characteristic
of herbal remedies based on cinnamon and
aloe vera, hibiscus and calendula, chamomile,
plants of the genus Hypericum and many other
medicinal plants.

The anti-inflammatory immunomodulatory
action is realized in phytoconstituents of
medicinal plants due to numerous different
mechanisms. For example, alkaloids of
Corydalis turtschaninovii Besser are able to
inhibit the phosphorylation of ERK and p38,
resulting in the inhibition of NFxB-dependent
signaling pathways and the reduction of the
synthesis of proinflammatory mediators such
as inducible nitric oxide synthase (iNOS),
cyclooxygenase-2 (COX-2), TNF-a, IL-6,
IL-1B, etc. The essential oils of many medicinal
plants are able to interfere with MAPK-
dependent signaling cascades, thus inhibiting
the synthesis of proinflammatory cytokines,
prostaglandins, and reactive oxygen species by
leukocytes, and adversely affect the migration
of myeloid and lymphoid cells. Flavonoid
compounds of medicinal plants also inhibit
NF«kB signaling pathways, activate PPAR
transcription factors involved in the synthesis
of anti-inflammatory mediators, prevent the
formation of synapses between cells of the
immune system through inhibition of leukocyte
synthesis of molecules of intercellular adhesion.
Thus, activation of transcription factors, such
as NF-xB, ERK, and STATS3 involved in the
proinflammatory immune response, is inhibited
by plant stilbene and terpenoids [123].

The majority of studies on the
molecular basis of the effect of phytopre-
parations on immune reactivity relates



Reviews

to the immunomodulatory action of
plant polyphenolic compounds in their
composition. Polyphenols are well-known,
pharmacologically active compounds with
immunomodulatory activity [124]. This
category includes flavonoids, phenolic acids
and stilbenoids, which are universally formed
in plants and exist as free aglycones (non-
carbohydrate glycoside fragments) or in
the esterification state of glucose and other
carbohydrates (glycosides) [125]. Absorbed
polyphenols are stable in the conditions of
gastrointestinal digestion and interact, first
and foremost, with the immune system of the
intestinal mucosa, initiating both local and
systemic immunomodulatory effects [126].

Decades of research into polyphenols
have led to several conclusions regarding
their effects on immune system function.
Each type of polyphenol binds to one or
more immune system cell receptors and thus
triggers intracellular signaling pathways that
ultimately regulate the host immune response.
Phytopreparations and dietary supplements
which contain plant polyphenols can
modulate the immune response by affecting
epigenetic mechanisms such as regulatory
DNA methylation, histone modification, and
microRNA-mediated posttranscriptional
repression that alters the expression of genes
encoding key immune factors [127].

Immune system cells express a number
of polyphenolic receptors. For example,
epigallocatechingallate (EGCG), which is
found in large quantities in different varieties
of tea, in apples, plums, etc., can interact with
three different cellular receptors: the 67 kDa
laminin receptor (67LR), associaited with
70 kDa protein chain (ZAP-70) and with RIG-I
cytosolic pattern recognition sensor [128, 129].
Of these, 67LR is expressed by neutrophils,
monocytes / macrophages [130, 131], mast
cells and T cells [132, 133] and regulates the
adhesion and inflammatory responses of these
cells. RIG-I downstream signaling pathways
trigger interferon synthesis [134]. Toll-like
receptor (TLR) 4, antigenic T-cell receptor
(TCR) ap, and IgM- (sIgM-) B-cell receptor
are receptors for baicalin (a flavone glycoside,
contained in large amount in Scutellaria
plants) on T and B cells. By regulating these
receptors, baikalin may affect innate and
adaptive immunity responses [135]. In studies
with laboratory animals, daidzein and a few
other phytoestrogens have been shown to
modulate immune cell function by interacting
with estrogen membrane and intracellular
receptors [136].

Polyphenolic compounds can suppress the
dendritic cell (DC) function under conditions of
their inflammatory activation. In particular,
daidzein (isoflavone contained in soybeans,
cereals, and certain medicinal plants), silibinin
(flavono-lignan of milk thistle), fisetin
(flavonol), epigenin and baikalin can inhibit
functional maturation of DC, stimulated by
bacterial lipopolysaccharide (LPS): decreasing
the expression of histocompatibility molecules
of class II and costimulatory molecules [137,
138]. Inhibition of the proinflammatory
activation of DC is also characteristic of
curcumin and some other phytophenols [139].
The inhibitory effect of phytophenols on the
proinflammatory activation of DC is inhibition
of the adaptive Thl immune response. Plant
polyphenols, such as daidzein, enotelin B
(polyphenol isolated from fireweed and other
medicinal plants), activate the functions of
vOT cells and natural killer cells, enhancing
IFN-y synthesis and increasing the expression
level of intercellular CD69 molecules (CD25,
CD69) [140, 141]. Alcoholic extracts of plants
of the milkweed family with high content
of biflavonoids enhance the production of
antibodies by B cells in vitro and in vivo [142].
A similar effect was reported for quercetin and
its derivatives.

The differentiation of naive T cells and
their production of cytokines can be enhanced
by numerous phytophenolic compounds. In
particular, plant flavones, catechins and
flavonones inhibit the synthesis of cytokines
involved in the activation of isotype switching
of B lymphocytes to IgE synthesis and
thus have the ability to suppress allergic
inflammatory responses [143, 144]. Contact
hypersensitivity reactions are inhibited by the
same mechanism by phytoflavones of Artemisia
vestita, ginkgo, and many other medicinal
plants. It should be noted that phytophenols
have a general ability to induce a shift of the
cytokine profile in serum and other biological
fluids from the Th1 profile to the Th2 profile,
which is characterized by the activation of
humoral immunity reactions, inhibition of
inflammatory reactions and activation of
reparative processes [145, 146]. Due to this
immunomodulatory action, phytophenols
activate isotype switching of B cells to IgG and
IgM synthesis while inhibiting the synthesis of
immediate-type allergic reagins, IgE and IgA.
Changes in the local and systemic cytokine
profile due to the action of plant polyphenols
are characterized by a decrease in IL-1(, IL-6
and TNF-a levels, which are a triad of major
cytokines that initiate, support and enhance
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inflammation, as well as the synthesis of IL-
17, one of the major mediators of autoimmune
inflammation. As a rule, the synthesis of IL-4
is enhanced, which is involved in the regulation
of antibody production by B-cells [147-149].
It should be noted that phytophenols also
have a bimodal dose-dependent modulatory
effect on the synthesis of some cytokines. For
example, the synthesis of IL-2 that regulates
T-cell proliferation can both be enhanced
and inhibited by the action of plant phenolic
compounds. A peculiarity of the stimulatory
effect of phytophenols on the synthesis of this
cytokine is the simultaneous enhancement
of differentiation of helper type 2 T cells,
which inhibit the inflammatory responses of
adaptive immunity. The bimodal modulatory
effect of phytophenols has also been reported
in relation to the synthesis of IL.-12, a cytokine
whose main source is macrophages, and with a
function to stimulate Thl-immune responses.
The synthesis of this cytokine by non-sensitized
intact macrophages is slightly enhanced in the
presence of phytophenols. However, treatment
of activated LPS macrophages by phytophenol
compounds causes inhibition of their production
of IL-12[150, 151].

The inhibition of inflammation
by phytophenols is also achieved by
activating differentiation of T-regulatory
cells and enhancing their synthesis of
immunoregulatory cytokines [152].

Plant polyphenols have the most pronounced
modulatory effect on the function of mono- and
polymorphonuclear phagocytes (macrophages
and neutrophils, respectively). Phytophenols
mainly affect MAPK-dependent and NFkB-
dependent signaling of these cells. The
consequence of this effect is a shift of phagocyte
metabolism toward an anti-inflammatory
phenotype with synthesis of immunoregulatory
cytokines, a decrease in the production of
inflammatory metabolites (reactive oxygen and
nitrogen forms, eicosanoids, phagolysosome
components and enzymes in the cytoplasmic
granules of neutrophils). The restorative and
reparative processes in tissues are enhanced.
That metabolic polarization of phagocytes also
has another consequence: inhibitory effect on the
inflammatory responses of adaptive immunity
effectors, Thl helper cells [153—-155]. These
effects are characteristic for phytophenols of
plants of the genus Acanthaceae, Euphorbiacea,
Clusiaceae, and some others.

Perspectives of using phytopreparationsin
treatment of diseases of hepatobiliary system

The dominant paradigm in the
development of medicinal preparations
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is the concept of constructing optimally
selective ligands to influence individual
therapeutic targets. However, advances in
systemic biology have convincingly shown
that selective compounds exhibit less clinical
efficacy than multifunctional preparations.
Hence, a new approach to the development
of medicines occurred, and a one-drug-one-
disease treatment strategy is increasingly
replaced by the use of combination therapy
with several active substances. Such a change
in priorities is partly due to the limited
therapeutic efficacy of mono-component
treatment in the treatment of polyetiological
diseases with complex pathophysiology,
including HBD. Another reason is the
formation of drug resistance to the factors
of single-component therapy, as well as the
side effects of synthetic monopreparations
[41, 42]. In addition, the development of
analytical chemistry and molecular biology
techniques has broadened our understanding
of the therapeutic targets of many diseases
and multicomponent therapeutic approaches.
Advances in these fields of science form
the basis for the following paradigm in
drug development: network pharmacology,
an interdisciplinary science based on
pharmacology, network biology, systems
biology, bioinformatics, and other related
scientific disciplines. Network pharmacology
is aimed at understanding the network
interactions between a living organism and
the preparations that affect its normal and
abnormal functions. This scientific approach
aims to use the pharmacological mechanism of
action of a medicinal product in a biological
network with well-defined therapeutic targets
and to enhance the therapeutic efficacy of the
drug [156-158].

The scientific principles of network
pharmacology are also used in PT, in
particular, to create an evidence base on the
efficacy of Traditional Chinese Medicine
[159, 160]. Phytotherapeutic medical
systems in many cases use multicomponent
herbal remedies, because numerous studies
have proved their higher efficacy compared
to the use of individual medicinal plants
due to the multi-purpose, synergistic and
additive effects of phytoconstituents [43,
44]. Synergy, by definition, is the interaction
of two or more agents to produce a combined
effect that exceeds the sum of the individual
effects of the individual components
[161]. Spinella et al. (2002) proposed the
classification of synergies into two categories:
pharmacodynamic and pharmacokinetic
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[162]. In the first case, two or more agents act
on the same receptor structures or biological
targets, which increases the effect compared
to the action of the individual components.
Pharmacokinetic synergy happens if the
components of a complex preparation interact
during the pharmacokinetic processes:
absorption, distribution, metabolism of
elimination etc. Unlike a synergistic effect,
which is the sum of the action of two or
more components that exceed their effect on
self-administration, an additive effect is a
set of effects of components of a combined
preparation that do not interact and do not
affect the effects of each other [163, 164].
Literature data indicate the synergistic
effect of phytochemical components of
multicomponent phytoteas [165], synergistic
and additive effect of combined extracts
of medicinal plants and their essential oils
with antibacterial and antiviral effects
[166, 167], synergistic anti-inflammatory
effect of combined phytochemicals [167,
168]. The future is undoubtedly in the use of
therapeutic agents based on medicinal plants
for the treatment of HBD by multicomponent
herbal remedies. Particular attention should
be paid to the introduction of medicinal
plants with immunomodulatory properties
into the composition of such preparations
for directed effect on the immune system,
which is one of the integral physiological
systems with protective and regulatory
effects. An important question is the
principle of the arrangement of medicinal
plants in the composition of multicomponent
herbal preparations. To date, the choice of
components of complex phytopreparations is
based mainly on knowledge of the biological
action of individual medicinal plants. At
the same time, a new scientific direction in
phytomedicine is being developed, known as
phytomix (metabolome analysis for each of the
components of the complex phytopreparation,

REFERENCES

1. Peery A. F., Crockett S. D., Murphy C. C.,
Lund J. L., Dellon E. S., Williams J. L., Jen-
senE.T.,Shaheen N.J.,BarrittA.S., Lieber S.R.,
Kochar B., Barnes E. L., Fan Y. C., Pate V.,
Galanko J., Baron T. H., Sandler R. S. Bur-
den and cost of gastrointestinal, liver, and
pancreatic diseases in the United States: up-
date 2018. Gastroenterology. 2019, 156 (1),
254-272.el11. https://doi.org/10.1053/j.gas-
tro.2018.08.063

taken separately and in combination with
other components, along with the analysis
of the correlative relationship between the
phytome composition and the desired effect
on the biological target) [169, 170]. Phytomix
allows evolving from the empirical approach
to polyherbal compositions to a scientifically
sound creation of complex phytopreparations.
To date, several mechanisms of synergistic
action of complex phytopreparations have
been deciphered: activation or inhibition of
signaling by the same receptors; regulation
of enzymes and transporters involved in
liver and intestinal metabolism to influence
the bioavailability of plant BAC; complex
influence on factors of formation of drug
resistance of target cells; neutralization
of side effects of some BAC by the action
of others, etc. [171]. Investigation of the
synergistic effects of polyherbal compositions
will not only facilitate the creation of new
complex phytopreparations, but will also
reveal the negative synergism between BAC
from different medicinal plants and thereby
achieve their maximum therapeutic efficacy.

Thus, herbal remedies have been and
remain effective, safe and, therefore,
promising drugs for the treatment of diseases
of the hepatobiliary system. Most promising
approach for the development phytoremedies
for the treatment of liver and biliary ailments
is the use polyherbal formulations combining
hepatoprotective and immunomodulatory
potentials. Nevertheless, it is necessary to
point that current use of herbal medicines
in the complementary and altrnative
treatment of hepatobiliary disorders is
mostly rooted in experience and observation.
Metodological approaches of modern
evidence-based phytotherapy are needed to
increase and proof of efficacy and safety of
hepatoprotective and immunomodulatory
phytoremedies.

2. Pimpin L., Cortez-Pinto H., Negro F., Cor-
bould E., Lazarus J. V., Webber L., Sheron N.
Burden of liver disease in Europe: Epidemi-
ology and analysis of risk factors to iden-
tify prevention policies. J. Hepatol. 2018,
69 (3), 718-735. https://doi.org/10.1016/j.
jhep.2018.05.011

3. DasS.,MahakkanukrauhP.,HoC.C.Theburden
of gastrointestinal, liver, and pancreatic
diseases: the global scenario. Gastroenterology.

53



BI

OTECHNOLOGIA ACTA, V.12, No 5, 2019

2016, 150 (4), 1045-1046. https://doi.
org/10.1053/j.gastro.2016.01.036

. Younossi Z., Henry L. Contribution of alcoholic

and nonalcoholic fatty liver disease to the bur-
den of liver-related morbidity and mortality.
Gastroenterology. 2016, 150 (8), 1778-1785.
https://doi.org/10.1053/j.gastro.2016.03.005

. Rowe I. A. Lessons from epidemiology: the bur-

den of liver disease. Dig. Dis. 2017, 35 (4), 304~
309. https://doi.org/10.1159/000456580

. Shmal’ko0O.0.Development of composition and

technology of phytosyrup of hepatoprotective
and choleretic action. Ph.D. dissertation,
Drug Tech., Pharm. Org. and For. Pharmacy.
National University of Pharmacy. Kharkiv,
Ukraine. 2017. (In Ukrainian).

. Skubyc’ka L. D., Severynovs’ka O. V. Complex

analysis of blood parameters and acid-
forming function of the stomach in diseases
of the hepatobiliary system with concomitant
pathologies. Visnyk Harkivskoho nacionalno-
ho universytetu imeni V. N. Karazina, Seriia
“Biolohiia”. 2016, V. 27, P. 139-149. (In
Ukrainian).

.Nedel’s’ka S. M., Mazur V. I., Shumna T. Je.

Diseases of the hepatobiliary system and
pancreas in children: a textbook for students
of the 6™ year of medical faculty, interns,
pediatricians, family doctors. Zaporizhzhia:
[ZDMU]. 2017, 113 p. (In Ukrainian).

. Everhart J. E., Ruhl C. E. Burden of digestive

diseases in the United States Part III: liver,
biliary tract, and pancreas. Gastroenterology.
2009, 136 (4), 1134-1144. https://doi.
org/10.1053/j.gastro.2009.02.038

10. Resnetnyak V. I. Concept of pathogenesis

11.

and treatment of cholelithiasis. World J.
Hepatol. 2012, 4 (2), 18-34. https://doi.
org/10.4254 /wjh.v4.i2.18

Ertel A. E., Bentrem D., Abbott D. E. Gall bla-
dder cancer. Cancer Treat Res. 2016, V. 168,
P.101-120.

12. LiX.,GuoX.,JiH.,YuG.,Gao P. Gallstones in

patients with chronic liver diseases. Biomed.
Res. Int.2017,V. 2017, P. 9749802. https://
doi.org/10.1155/2017/9749802

13. LammertF.,GurusamyK., KoC.W.,MiquelJ.F.,

Méndez-Sanchez N., Portincasa P., van
ErpecumK.dJ.,van LaarhovenC.J.,Wang D. Q.
Gallstones. Nat. Rev. Dis. Primers. 2016,
V. 2, P. 16024. https://doi.org/10.1038/
nrdp.2016.24

14. EASL. Clinical practice guidelines: manage-

ment of cholestatic liver diseases. Journal of
Hepatology. 2009, 51 (2), 237-267. https://
doi.org/10.1016/j.jhep.2009.04.009

15. Mauss S. Hepatology. Sydney: Flying Pub-

lisher. 2015, 655 p.

16. Chekman I. S. Clinical pharmacology of

hepatoprotectors. Lik. Sprava. 2001, V. 1,
P.15-19.

54

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Gasanova O.V.,Sarkisova E.O.,Chumak A. A.,
OvsyannikovaL.M.,NosachO.V.,AlohinaL.M.,
Gasanov V. A., Kryzhanivska V. V. Compara-
tive characteristics of hepatoprotectors used
for the treatment of non alcoholic steato-
hepatitis associated with herpesvirus infec-
tion in sufferers of the Chornobyl accident.
Probl. Radiac. Med. Radiobiol. 2017, V. 22,
P. 339-352.

Somova M. N. Muzalevskaia E. N.,
Nikolaevskii V. A., Buzlama A. V., Batishche-
va G. A., Chernov Iu. N. Drug-induced liver
damage and the problem of its pharmacologi-
cal correction. Eksp. Klin. Farmakol. 2013,
76 (9), 38—43.

Gu X.,Manautou J. E. Molecular mechanisms
underlying chemical liver injury. Expert
Rev. Mol. Med. 2012, V. 14, P. e4. https://
doi.org/10.1017/S1462399411002110
Kumar A. A review on hepatoprotective herb-
al drugs. IJRPC. 2012, 2 (1), 92—-102.
Kurkina A. V., Galyamova V. R., Kurkin V. A.,
Avdeeva E. V. Possibilities of phytotherapy
at digestive system diseases. Pharmacy &
Pharmacology. 2016, 2 (15), 26—40.
AliM.,KhanT.,FatimaK.,AliQ.U.A.,OvaisM.,
Khalil A. T.,Ullah 1., Raza A., Shinwari Z. K.,
Idrees M. Selected hepatoprotective herbal
medicines: Evidence from ethnomedicinal
applications, animal models, and possible
mechanism of actions. Phytother. Res. 2018,
32 (2), 199-215. https://doi.org/10.1002/
ptr.5957

BediO., Bijjem K. R.V., Kumar P., GauttamV.
Herbal induced hepatoprotection and hepato-
toxicity: a critical review. Indian J. Physiol.
Pharmacol. 2016, 60 (1), 6—21.

Ilyas U., Katare D. P., Aeri V., Naseef P. P.
A review of hepatoprotective and immu-
nomodulatory herbal plants. Pharmacogn.
Rev. 2016, 10 (19), 66-70. https://doi.
org/10.4103/0973-7847.176544

Enioutina E. Y., Salis E. R., Job K. M.,
Gubarev M. I., Krepkova L. V., Sherwin C. M.
Herbal Medicines: challenges in the modern
world. Part 5. status and current directions
of complementary and alternative herbal
medicine worldwide. Expert Rev. Clin.
Pharmacol. 2017, 10 (3), 327—-338. https://
doi.org/10.1080/17512433.2017.1268917
Treister-Goltzman Y., Peleg R. Trends in
publications on complementary and alter-
native medicine in the medical literature.
Journal of Complementary and Integrative
Medicine. 2015, 12 (2), 111-115. https://
doi.org/10.1515/jcim-2014-0055

Efferth T., Zacchino S., Georgiev M. I., Liu L.,
Wagner H., Panossian A. Nobel Prize for arte-
misinin brings phytotherapy into the spotlight.
Phytomedicine. 2015, 22 (13), A1-A3. https://
doi.org/10.1016/j.phymed.2015.10.003



Reviews

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Hertweck C. Natural products as source
of therapeutics against parasitic diseases.
Angew. Chem. Int. Ed. Engl. 2015, 54 (49),
14622-14624. https://doi.org/10.1002/
anie.201509828

Sahoo N., Manchikanti P., Dey S. Herbal
drugs: standards and regulation. Fitotera-
piia. 2010, 81 (6), 462-471. https://doi.
org/10.1016/j.fitote.2010.02.001

Zhang J., Wider B., Shang H., Li X., Ernst E.
Quality of herbal medicines: challenges
and solutions. Complement Ther. Med.
2012, 20 (1-2), 100-106. https://doi.
org/10.1016/j.ctim.2011.09.004
Govindaraghavan S., Sucher N. J. Quality
assessment of medicinal herbs and their ex-
tracts: Criteria and prerequisites for con-
sistent safety and efficacy of herbal medi-
cines. Epilepsy Behav. 2015, 52 (Pt B),

363-371. https://doi.org/10.1016/j.
yebeh.2015.03.004.

Kolomojec M. Ju., Vashenjak O. O.
Comorbidity and polymorbidity in

therapeutic practice. Ukr. med. chasopys.
2012, 5(91), 140-143. (In Ukrainian).
Tarlovskaya E. 1. Comorbidity and
polymorbidity — a modern interpretation and
urgent tasks facing the therapeuticcommunity.
Kardiologiia. 2018, 58 (9), 29—38.
Samorodskaja 1. V. Bolotova E. V.
Terminological and demographic aspects of
comorbidity. Adv. Gerontol. 2016, 29 (3),
471-477.

Jakovljevi¢c M., Ostoji L. Comorbidity and
multimorbidity in medicine today: challeng-
es and opportunities for bringing separated
branches of medicine closer to each other.
Psychiatr. Danub. 2013, 25 (1), 18—-28.
Meghani S. H., Buck H. G., Dickson V. V.,
Hammer M. J., Rabelo-Silva E. R., Clark R.,
Naylor M. D. The conceptualization and mea-
surement of comorbidity: a review of the in-
terprofessional discourse. Nurs. Res. Pract.
2013, V. 2013, P. 192782. https://doi.
org/10.1155/2013/192782

Jepsen P. Comorbidity in cirrhosis. World
J. Gastroenterol. 2014, 20 (23), 7223-7230.
https://doi.org/10.3748 /wjg.v20.i23.7223
Scheen A. J. Beneficial effects of SGLT2 in-
hibitors on fatty liver in type 2 diabetes: A
common comorbidity associated with se-
vere complications. Diabetes Metab. 2019,
45 (3), 213-223. https://doi.org/10.1016/j.
diabet.2019.01.008

Zhang Z. M., Liu Z., Liu L. M., Zhang C.,
Yu H W., Wan B. J., Deng H., Zhu M. W,
Liu Z. X., Wei W. P., Song M. M., Zhao Y.
Therapeutic experience of 289 elderly pa-
tients with biliary diseases. World J. Gastro-
enterol. 2017, 23 (13), 2424-2434. https://
doi.org/10.3748/wjg.v23.113.2424

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Lawler E., Avila A. Alzheimer disease: mono-
therapy vs. combination therapy. Am. Fam.
Physician. 2017, 95 (7), 452.

Ohar J. A., Donohue J. F. Mono- and
combination  therapy of long-acting
bronchodilators and inhaled corticosteroids
in advanced COPD. Semin. Respir. Crit. Care
Med. 2010, 31 (3), 321-333. https://doi.
org/10.1055/s-0030-1254072
ZhouZ.,TangD.H.,Xied.,AyyagariR., WuE.,
Niravath P. A. Systematic literature review
of the impact of endocrine monotherapy and
in combination with targeted therapy on
quality of life of postmenopausal women with
HR+/HERZ2-advanced breast cancer. Adv.
Ther. 2017, 34 (12), 2566—2584. https://doi.
org/10.1007/s12325-017-0644-2

Zhang A., Sun H., Wang X. Potentiating
therapeutic effects by enhancing synergism
based on active constituents from traditional
medicine. Phytother Res. 2014, 28 (4), 526—
533. https://doi.org/10.1002/ptr.5032
Liud.,Liud.,ShenF.,QinZ.,Jiang M.,Zhu J.,
Wang Z., Zhou J., Fu Y., Chen X., Huang C.,
Xiao W., Zheng C., Wang Y. Systems
pharmacology analysis of synergy of TCM:
an example using saffron formula. Sci. Rep.
2018, 8 (1), 380. https://doi.org/10.1038/
s41598-017-18764-2

Izzo A. A., Hoon-Kim S., Radhakrishnan R.,
Williamson E. M. A critical approach to eval-
uating clinical efficacy, adverse events and
drug interactions of herbal remedies. Phy-
totherapy research. 2016, 30 (5), 691-700.
https://doi.org/10.1002/ptr.5591
MarignaniM.,Gallina S.,DiFonzoM.,Delil.,
BeginiP.,GiganteE., Epifani M.,AngelettiS.,
Delle Fave G. Use and safety perception
of herbal remedies in patients with liver/
biliary tract disorders: an Italian study. /.
Clin. Gastroenterol. 2010, 44 (1), S54-57.
https://doi.org/10.1097/MCG.0b013e3181
e658bb

Sultana B., Yaqoob S., Zafar Z., Bhatti H. N.
Escalation of liver malfunctioning:
A step toward Herbal Awareness. J.
Ethnopharmacol. 2018, V. 216, P. 104-119.
https://doi.org/10.1016/j.jep.2018.01.002
Soleimani V., Delghandi P. S., Moallem S. A.,
Karimi G. Safety and toxicity of silymarin,
the major constituent of milk thistle extract:
An updated review. Phytother. Res. 2019,
33(6),1627-1638. https://doi.org/10.1002/
ptr.6361

Watychowicz K., Janda K., Jakubczyk K.,
Wolska J. Chaenomeles — health promoting
benefits. Rocz. Panstw. Zakl. Hig. 2017,
68 (3), 217-227.

Rjeibi I., Ben Saad A., Hfaiedh N. Oxidative
damage and hepatotoxicity associated with
deltamethrin in rats: The protective effects

55



BIOTECHNOLOGIA ACTA, V. 12, No 5, 2019

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

56

of Amaranthus spinosus seed extract.
Biomed. Pharmacother. 2016, V. 84,
P. 853-860. https://doi.org/10.1016/j.
biopha.2016.10.010
IbadullayevaS.,GasimovH.,GahramanovaM.,
Zulfugarova P., Novruzova L. Medico-Ethno-
botanical Inventory (Liver and Gallbladder
Ducts Illnesses) of Nakhchivan AR, Azerbai-
jan. International Journal of Sciences. 2015,
1 (06), 80-88. https://doi.org/10.18483/
ijSci.739

Gahramanova M., Dovhyi R., Rudyk M.,
Molozhava O., Svyatetska V., Skivka L. Phy-
tochemical screening of polyherbal composi-
tion based on Portulaca oleracea and it’s ef-
fect on macrophage oxidative metabolism.
Biotechnol.acta. 2019, 12 (2) 63—70. https://
doi.org/10.15407 /biotech12.02.063

Zhang A., Sun H., Wang X. Recent advances
in natural products from plants for treatment
of liver diseases. Eur.J. Med.Chem. 2013, V.
63, P. 70-77. https://doi.org/10.1016/j.
ejmech.2012.12.062
Bansald.,KumarN.,Malviya R.,SharmaP.K.
Hepatoprotective models and various natu-
ral product used in hepatoprotective agents:
areview. Pharmacogn. Commun. 2014, V. 4,
P. 1-30.

Domitrovic R., Potocnjak I. A comprehensive
overview of hepatoprotective natural
compounds: mechanism of action and clinical
perspectives. Arch. Toxicol. 2016, 90 (1), 39—
79. https://doi.org/10.1007/s00204-015-
1580-z

Balasundram N., Sundram K., Samman S.
Phenolic compounds in plants and agri-
industrial by-products: antioxidant activ-
ity, occurrence, and potential uses. Food
Chem. 2006, V. 99, P. 191-203. https://doi.
org/10.1016/j.foodchem.2005.07.042
ManachC., Scalbert A., Morand C., Réemésy C.,
Jiménez L. Polyphenols: food sources and bio-
availability. Am. J. Clin. Nutr. 2004, 79 (5),
727-747.

Mohib M., Afnan K., Paran T. Z., Khan S.,
Sarker J., Hasan N., Hasan I., Sagor A. T.
Beneficial role of citrus fruit polyphenols
against hepatic dysfunctions: a review. .
Diet. Suppl. 2018, 15 (2), 223-250. https://
doi.org/10.1080/19390211.2017.1330301
Pereira C., Barros L., Ferreira I. C.
Extraction, identification, fractionation and
isolation of phenolic compounds in plants
with hepatoprotective effects. J. Sci. Food
Agric. 2016, 96 (4), 1068-1084. https://doi.
org/10.1002/jsfa.7446

Kurkin V. A., Kurkina A. V., Avdeeva E. V.
Flavonoids as biologically active compounds
of medicinal plants. Fundamentalnye
issledovaniya. 2013, 11 (9), 1897-1901. (In
Russian).

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Ghosh N., Ghosh R., Mandal V., Mandal S. C.
Recent advances in herbal medicine for
treatment of liver diseases. Pharm. Biol.
2011, 49 (9), 970-988. https://doi.org/10.3
109/13880209.2011.558515

Federico A., Dallio M., Loguercio C.
Silymarin/silybin and chronic liver disease:
a marriage of many years. Molecules. 2017,
22 (2), pii: E191. https://doi.org/10.3390/
molecules22020191

Vovk E. I. Milk thistle in modern hepato-
logy: the relay race of generations
from Ancient Greece to nowadays.
Rus. med. zh. 2010, V. 30, P. 18-37.
(In Russian).

AnZ.,QiY. M., Huang D. J., Gu X., Tian Y.,
Li P, Li H., Zhang Y. EGCG inhibits Cd?*-
induced apoptosis through scavenging ROS
rather than chelating Cd*" in HL-7702 cells.
Toxicol. Mech. Method. 2014, 24 (4), 259—
267. https://doi.org/10.3109/15376516.20
13.879975
ZhangT.S.,KimuraY.,JiangS.Y.,HaradaK.,
Yamashita Y., Ashida H. Luteolin modulates
expression of drug-metabolizing enzymes
through the AhR and Nrf2 pathways in he-
patic cells. Arch. Biochem. Biophys. 2014,
V.557,P.36—46. https://doi.org/10.1016/j.
abb.2014.05.023

Li S.,, Tan H. Y., Wang N., Cheung F.,
Hong M., Feng Y. The potential and action
mechanism of polyphenols in the treatment
of liver diseases. Oxid. Med. Cell Longev.
2018, V. 2018, P. 8394818. https://doi.
org/10.1155/2018/8394818
SunX.,DuanX..WangC.,LiuZ.,SunP.,.HuoX.,
Ma X., Sun H., Liu K., Meng Q. Protective
effects of glycyrrhizic acid against non-
alcoholic fatty liver disease in mice. Eur. J.
Pharmacol. 2017, V. 806, P. 75—-82. https://
doi.org/10.1016/j.ejphar.2017.04.021

Sil R., Ray D., Chakraborti A. S. Glycyrrhi-
zin ameliorates metabolic syndrome-induced
liver damage in experimental rat model.
Mol. Cell Biochem. 2015, 409 (1-2), 177-
189. https://doi.org/10.1007/s11010-015-
2523-y

Xu G. B, Xiao Y. H., Zhang Q. Y., Zhou M.,
Liao S. G. Hepatoprotective natural triterpe-
noids. Eur. J. Med. Chem. 2018, V. 145,
P. 691-716. https://doi.org/10.1016/j.
ejmech.2018.01.011

Sanchez-Crisostomo 1., Ferndndez-Marti-
nez E., Carino-Cortés R., Betanzos-Cabre-
ra G., Bobadilla-Lugo R. A. Phytosterols and
triterpenoids for prevention and treatment
of metabolic-related liver diseases and
hepatocellular carcinoma. Curr. Pharm.
Biotechnol. 2019, 20 (3), 197-214. https://
doi.org/10.2174/138920102066619021912
2357



Reviews

71.

72.

73.

4.

75.

76.

(i

78.

79.

80.

Kandanur S. G. S., Tamang N., Golako-
ti N. R.,, Nanduri S. Andrographolide: A
natural product template for the generation
of structurally and biologically diverse
diterpenes. Eur.J. Med. Chem. 2019, V. 176,
P. 513-533. https://doi.org/10.1016/j.
ejmech.2019.05.022

TanW.S.D., LiaoW., Zhou S., Wong W.S. F.
Is there a future for andrographolide to be
an anti-inflammatory drug? Deciphering
its major mechanisms of action. Biochem.
Pharmacol. 2017, V. 139, P. 71-81. https://
doi.org/10.1016/j.bcp.2017.03.024

Jia R., Du J. L., Cao L. P., Liu Y. J., Xu P.,
Yin G. J. Protective action of the phyllanthin
against carbon tetrachloride-induced
hepatocyte damage in Cyprinus carpio.
In Vitro Cell. Dev. Biol. Anim. 2016,
52 (1), 1-9.

LuK.L.,Wang L. N., Zhang D. D., Liu W. B.,
Xu W. N. Berberine attenuates oxidative
stress and hepatocytes apoptosis via
protecting mitochondria in blunt snout
bream Megalobrama amblycephala fed high-
fat diets. Fish Physiol. Biochem. 2017, 43 (1),
65-176. https://doi.org/10.1007/s10695-
016-0268-5

Neag M.A.,MocanA., EcheverriadJ.,Pop R. M.,
Bocsan C. I., Crisan G., Buzoianu A. D.
Berberine: botanical occurrence, traditional
uses, extraction methods, and relevance
in cardiovascular, metabolic, hepatic, and
renal disorders. Front. Pharmacol. 2018,
V. 9, P. 557. https://doi.org/10.3389/
fphar.2018.00557

Chernyh V. P. Pharmaceutical encyclopedia.
2"l ed., revised and enlarged. National
University of Pharmacy of Ukraine. Kyiv:
Morion. 2010, 1632 p. (In Ukrainian).

. GlushchenkoA.,Vladymyroval.,GeorgiyantsV.

The substantiation of the selection of me-
dicinal plants and their rational applica-
tion in diseases of the hepatobiliary system.
ScienceRise. Pharmaceutical Science. 2018,
V.2, P.9-16.

Fifi A. C., Axelrod C. H., Chakraborty P.,
Saps M. Herbs and spices in the treatment
of functional gastrointestinal disorders: a
review of clinical trials. Nutrients. 2018,
10(11), pii: E1715. https://doi.org/10.3390/
nul0111715

Kelber O., Bauer R., Kubelka W. Phytpthera-
py in functional gastrointestinal disorders.
Dig. Dis. 2017, V. 35, P. 36—42. https://doi.
org/10.1159/000485489

Daniyal M., Akram M., Zainab R., Munir N.,
Sharif A., Shah S. M. A., Liu B.,, Wang W.
Prevalence and current therapy in chronic
liver disorders. Inflammopharmacology.
2019, 27 (2), 213-231. https://doi.
org/10.1007/s10787-019-00562-z

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

Verhelst X., Dias A. M., Colombel J. F.,
VermeireS.,VanVlierberghe H.,CallewaertN.,
Pinho S. S. Protein glycosylation as a di-
agnostic and prognostic marker of chronic
inflammatory gastrointestinal and liv-
er diseases. Gastroenterology. 2019, pii:
S0016-5085(19)41451-0. https://doi.
org/10.1053/j.gastro.2019.08.060
ChenP..WangY.Y.,ChenC.,GuandJ.,ZhuH.H.,
Chen Z. The immunological roles in acute-
on-chronic liver failure: An update. Hepa-
tobiliary Pancreat. Dis. Int. 2019, 18 (5),
403-411. https://doi.org/10.1016/j.
hbpd.2019.07.003

Martin-Mateos R.,Alvarez-Mon M.,AlbillosA.
Dysfunctional immune response in acute-on-
chronic liver failure: it takes two to tango.
Front.Immunol.2019,V.10,P.973. https://
doi.org/10.3389/fimmu.2019.00973
Laleman W., Claria J., Van der Merwe S.,
Moreau R., Trebicka J. Systemic inflamma-
tion and acute-on-chronic liver failure: too
much, not enough. Can. J. Gastroenterol.
Hepatol.2018,V. 2018, P. 1027152. https://
doi.org/10.1155/2018/1027152
LiS.,Hong M., Tan H. Y., Wang N., Feng Y.
Insights into the role and interdependence
of oxidative stress and inflammation in
liver diseases. Oxid. Med. Cell. Longev.
2016, V. 2016, P. 4234061. https://doi.
org/10.1155/2016/4234061
DasS.K.,DesAulniersdJ.,DyckdJ.R.,KassiriZ.,
Oudit G.Y. Resveratrol mediates therapeutic
hepatic effects in acquired and genetic mu-
rine models of iron-overload. Liver Int. 2016,
36 (2), 246-257. https://doi.org/10.1111/
liv.12893

Jiang S. L., Hu X. D., Liu P. Immunomodula-
tion and liver protection of Yinchenhao decoc-
tion against concanavalin A-induced chronic
liver injury in mice. J. Integr. Med. 2015,
13 (4), 262—-268. https://doi.org/10.1016/
S52095-4964(15)60185-6

Simon A. K., Hollander G. A., McMichael A.
Evolution of the immune system in hu-
mans from infancy to old age. Proc. Biol. Sci.
2015, 282 (1821), 20143085. https://doi.
org/10.1098 /rspb.2014.3085

Scully, Georgakopoulou E. A., Hassona Y. The
immune system: basis of so much health and
disease: 3. Adaptive Immunity. Dent. Up-
date. 2017, 44 (4), 322-324, 327.

Ganeshan K., Chawla A. Metabolic regu-
lation of immune responses. Annu. Rev.
Immunol. 2014, V. 32, P. 609-634.
https://doi.org/10.1146/annurev-
immunol-032713-120236

.Baraya Y. S., Wong K. K., Yaacob N. S. The

immunomodulatory potential of selected bio-
active plant-based compounds in breast can-
cer: areview. Anticancer Agents Med. Chem.

57



BIOTECHNOLOGIA ACTA, V. 12, No 5, 2019

2017, 17 (6), 770-783. https://doi.org/10.2
174/1871520616666160817111242

92. Akram M., Hamid A., Khalil A., Ghaffar A.,

93.

94.

95.

96.

97.

98.

99.

Tayyaba N., Saeed A., Ali M., Naveed A.
Review on medicinal uses, pharmacologi-
cal, phytochemistry and immunomodula-
tory activity of plants. Int.J. Immunopathol.
Pharmacol. 2014, 27 (3), 313—-319.

Singh R. K. Tinospora cordifolia as an adju-
vant drug in the treatment of hyper-reactive
malarious splenomegaly — case reports. oJ.
Vect. Borne. Dis. 2005, V. 3, P. 36—38.
Dhama K., Latheef S. K., Mani S., Samad H.,
Karthik A. K., Tiwari R., Khan R. U. Multiple
beneficial applications and modes of action
of herbs in poultry health and production-
A review. Inter. J. Pharmacol. 2015, 11 (3),
152-176.

Wagner H. K. M. Immunostimulants and
Adaptogens from Plants. In: Recent Advances
in Phytochemistry. Arnason J. T., Mata R.,
Romeo J. T. (eds). Boston: Springer. 1995,
P.1-18.

Kumar D., Arya V., Kaur R., Bhat Z. A., Gup-
taV.K., KumarV. A review of immunomodu-
lators in the Indian traditional healthcare
system. J. Microbiol. Immunol. Infect. 2012,
45 (3), 165—184. https://doi.org/10.1016/j.
jmii.2011.09.030

Massa S., Franconi R. Plant genes and plants
proteins as adjuvants in cancer vaccination.
Medicinal and Aromatic Plant Science and
Biotechnology. 2012, 6 (special issue 2), 1-9.
Sander V. A., Corigliano M. G., Clemente M.
Promising plant-derived adjuvants in the
development of coccidial vaccines. Front.
Vet. Sci. 2019, V. 6, P. 20. https://doi.
org/10.3389/fvets.2019.00020

Massa S., Paolini F.,CurzioG.,Cordeiro M.N.,
IllianoE.,DemurtasO.C.,FranconiR.,VenutiA.
A plant protein signal sequence improved
humoral immune response to HPV prophy-
lactic and therapeutic DNA vaccines. Hum.
Vaccin Immunother. 2017, 13 (2), 271-282.
https://doi.org/10.1080/21645515.2017.1
264766

100. IllianoE.,DemurtasO.C.,MassaS.,DiBoni-

101.

58

toP.,ConsalviV.,ChiaraluceR.,ZanottoC.,
DeGiuliMorghenC., RadaelliA.,VenutiA.,
Franconi R. Production of functional,
stable, unmutated recombinant human
papillomavirus E6 oncoprotein: implica-
tions for HPV-tumor diagnosis and ther-
apy. J. Transl. Med. 2016, 14 (1), 224.
https://doi.org/10.1186/s12967-016-
0978-6
ShahS.A.,SanderS.,WhiteC.M.,Rinaldi M.,
Coleman C. I. Evaluation of echinacea for
the prevention and treatment of the com-
mon cold: a meta-analysis. Lancet. Infect.
Dis. 2007, 7 (7), 73—-80.

102.

103.

104.

105.

106.

107

108.

109.

110

111.

HariaE.N.,Perera M.A.D.N.,SenchinaD.S.
Immunomodulatory effects of Echinacea
laevigata ethanol tinctures produced from
different organs. Bioscience Horizons:
The International Journal of Student
Research. 2016, V. 9, P. hzw001. https://
doi.org/10.1093/biohorizons/hzw001
LiY., Wang Y., Wu Y., Wang B., Chen X.,
Xu X., Chen H., Li W., Xu X. Echinacea
pupurea extracts promote murine dendritic
cell maturation by activation of JNK, p38
MAPK and NF-kB pathways. Dev. Comp.
Immunol. 2017, V. 73, P. 21-26. https://
doi.org/10.1016/j.dci.2017.03.002
EL-mahmood M. A. Efficacy of crude
extracts of garlic (Allium sativum Linn)
against nosocomial Escherichia coli,
Staphylococcus  aureus, Streptococcus
pneumoniea and Pseudomonas aeruginosa.
J.Med. Plants Res. 2009, V. 3, P. 179-185.
Weber N. D., Andersen D. O., North J. A.,
Murray B. K., Lawson L. D., Hughes B. G.
In vitro virucidal effects of Allium sativum
(garlic) extract and compounds. Planta.
Med. 1992, 58 (2), 417-423.

Mikaili P., Maadirad S., Moloudizargari M.,
Aghajanshakeri S., Sarahroodi S. Therapeu-
tic uses and pharmacological properties of
Garlic, Shallot, and their biologically active
compounds. Iran. J. Basic Med. Sci. 2013,
16 (10), 1031-1048.

.Lee J. S.,, Lee Y., Lee Y., Hwang H. S.,

Kim K., Ko E., Kim M., Kang S. Ginseng
protects against respiratory syncytial
virus by modulating multiple immune cells
and inhibiting viral replication. Nutri-
ents. 2015, 7 (2), 1021-1036. https://doi.
org/10.3390/nu7021021

Quan F. S., Compans R. W., Cho Y. K.,
Kang S. M. Ginseng and Salviae herbs play a
role as immune activators and modulate im-
mune responses during influenza virus in-
fection. Vaccine. 2007, V. 25, P. 272-282.
Sakure S., Negi V. D., Mitra S. K., Nanda-
kumar K. S., Chakravortty D. Vaccine with
herbal adjuvant—a better cocktail to com-
bat the infection. Vaccine. 2008, 26 (2008),
3387-3388. https://doi.org/10.1016/j.
vaccine.2008.01.060

. UlbrichtC.,Basch E.,Cheung L.,Goldberg H.,

Hammerness P., Isaac R., Khalsa K. P.,
Romm A., Rychlik 1., Varghese M., Weiss-
ner W., Windsor R. C., Wortley J. An
evidence-based systematic review of
Elderberry and Elderflower (Sambucus
nigra) by the natural standard research
collaboration. J. Diet. Suppl. 2014, 11 (1),
80-120. https://doi.org/10.3109/1939021
1.2013.859852

Okonkwo C., Oladele O., Nwiyi P. The pat-
tern of immunomodulation of ImmuPlus



Reviews

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

on the Infectious Bursal Disease (IBD) an-
tibody of vaccinated broiler chickens. J.
Vet. Adv. 2015, 5 (1), 808—813. https://doi.
org/10.5455/jva.20141213022835

Kumar K. M., Ramaiah S. Pharmacological
importance of Echinacea Purpurea. Int. J.
Pharma. Bio. Sci. 2011, 2 (4), 304-314.
Janeway C. A. Jr., Travers P., Walport M.,
Shlomchik M. J. Immunobiology: The Im-
mune System in Health and Disease: 5th
edition. NY: Garland Publishing. 2001,
884 p.

Tisoncik J. R., Korth M. J., Simmons C. P.,
FarrardJ.,Martin T. R., Katze M. G. Into the
eye of the cytokine storm. Microbiol. Mol.
Biol. Rev. 2012, 76 (1), 16—32. https://doi.
org/10.1128/MMBR.05015-11

Liu Q., Zhou Y. H., Yang Z. Q. The cytokine
storm of severe influenza and development
of immunomodulatory therapy. Cell. Mol.
Immunol. 2016, 13 (1), 3—10. https://doi.
org/10.1038/cmi.2015.74

Wheatley D. Stress-induced insomnia
treated with kava and valerian: singly and
in combination. Hum. Psychopharmacol.
2001, 16 (4), 353—356.

Scholey A. B., Kennedy D. O. Acute, dose-
dependent cognitive effects of Ginkgo bi-
loba, Panax ginseng and their combinatio-
nin healthy young volunteers: differential
interactions with cognitie demand. Hum.
Psychopharmacol. 2002, 17 (1), 35—44.
Gupta V. K., Fatima A., Faridi U., Negi A. S.,
Shanker K., Kumar J. K., Rahuja N., Lug-
manS.,Sisodia B.S.,Saikia D.,Darokar M.P.,
Khanuja S. P. Antimicrobial potential of
Glycyrrhiza glabra roots. J. Ethnopharma-
col. 2008, 116 (2), 377-380. https://doi.
org/10.1016/j.jep.2007.11.037

Guo A., He D., Xu H., Geng C., Zhao J. Pro-
motion of regulatory T cell induction by im-
munomodulatory herbal medicine licorice
and its two constituents. Scient. Rep. 2016,
V. 5, P. 14046. https://doi.org/10.1038/
srep14046

Balaji B., Chempakam B. Pharmacokinetics
prediction and drugability assessment
of diphenyl-heptanoids from turmeric
(Curcuma longa L). Med. Chem. 2015, 5 (2),
130-138.

Grant K. L., Lutz R. B.Ginger. Am.J.Health-
Syst. Pharm. 2000, 57 (10), 945-947.
https://doi.org/10.1093/ajhp/57.10.945
HajhashemiV., Ghannadi A., Jafarabadi H.
Black cumin seed essential oil, as a potent
analgesic and antiinflammatory drug.
Phytother. Res. 2004, 18 (3), 195-199.
Jantan I., Ahmad W., Bukhari S. N. A.
Corrigendum: Plant-derived immuno-
modulators:an insight on their preclini-
cal evaluation and clinical trials. Front.

124.

125.

126.

127.

128.

129

130.

131.

132.

133.

134.

Plant. Sci. 2018, V. 9, P. 1178. https://doi.
org/10.3389/fpls.2018.01178

Hollman P.C.H.Evidence for healthbenefits
of plant phenols: local or systemic effects?
J. Sci. Food Agric. 2001, V. 81, P. 842-852.
https://doi.org/10.1002/jsfa.900

Ma Y., Kosinska-Cagnazzo A., Kerr W. L.,
Amarowicz R., Swanson R. B., Pegg R. B.
Separation and characterization of soluble
esterified and glycoside-bound phenolic
compounds in dry-blanched peanut skins
by liquid chromatography—electrospray
ionization mass spectrometry. J. Agric.
Food Chem. 2014, 62 (47), 11488-11504.
https://doi.org/10.1021/j£503836n
Pandey K. B., Rizvi S. I. Plant polyphenols
as dietary antioxidants in human health
and disease. Oxid. Med. Cell. Longev. 2009,
2 (5), 270-278. https://doi.org/10.4161/
0xim.2.5.9498

Ding S.,Jiang H., Fang J.Regulation of im-
mune function by polyphenols. J. Immunol.
Res. 2018, V. 2018, P. 1264074. https://
doi.org/10.1155/2018/1264074

Magrone T., Kumazawa Y. dJirillo E.
Polyphenol-mediated beneficial effects
in healthy status and disease with special
reference to immune-based mechanisms.
Polyphenols in Human Health and Dis-
ease. 2014, V. 1, P. 467-479. https://
doi.org/10.1016/b978-0-12-398456-
2.00035-9

.ZhuD.,MaY., Ding S.,Jiang H., Fang J. Ef-

fects of melatonin on intestinal microbiota
and oxidative stress in colitis mice. Biomed.
Res. Int. 2018, V. 2018, P. 2607679.
https://doi.org/10.1155/2018/2607679
Tachibana H.Green tea polyphenol sensing.
Proc.Jpn.Acad. Ser. B. Phys. Biol. Sci. 2011,
87 (3), 66—80.

Sprangers S., de Vries T. J., Everts V. Mono-
cyte heterogeneity: consequences for mono-
cyte-derived immune cells. J. Immunol. Res.
2016, V. 2016, P. 1475435. https://doi.
org/10.1155/2016/1475435

Yang C. S., Wang X. Green tea and cancer
prevention. Nutr. Cancer. 2010, 62 (7),
931-937. https://doi.org/10.1080/016355
81.2010.509536

Arce-Sillas A., Alvarez-Luquin D. D., Tama-
ya-Dominguez B., Gomez-Fuentes S., Trejo-
Garcia A., Melo-Salas M., Cdrdenas G.,
Rodriguez-Ramirez J., Adalid-Peralta L.
Regulatory T cells: molecular actions on
effector cells in immune regulation. J. Im-
munol. Res. 2016, V. 2016, P. 1720827.
https://doi.org/10.1155/2016/1720827
Ranjith-Kumar C. T., Lai Y., Sarisky R. T.,
Cheng Kao C. Green tea catechin, epigal-
locatechin gallate, suppresses signaling by
the dsRNA innate immune receptor RIG-I.

59



BIOTECHNOLOGIA ACTA, V. 12, No 5, 2019

135.

136.

137.

138.

139.

140.

141.

142.

143.

60

PLoS One. 2010, 5(9), e12878. https://doi.
org/10.1371/journal.pone.0012878

Gong S. Q., Sun W., Wang M., Fu Y. Y.
Role of TLR4 and TCR or BCR against ba-
icalin-induced responses in T and B cells.
Int. Immunopharmacol. 2011, 11 (12),
2176—-2180. https://doi.org/10.1016/j.in-
timp.2011.09.015
GuoT.L.,ChiR.P.,.ZhangX.L.,MusgroveD.L.,
Weis C., Germolec D. R., White K. L. Jr.
Modulation of immune response follow-
ing dietary genistein exposure in FO and
F1 generations of C57BL/6 mice: evidence
of thymic regulation. Food Chem. Toxi-
col. 2006, 44 (3), 316—325. https://doi.
org/10.1016/j.fct.2005.08.001

Yum M., Jung M., Cho D., Kim T. Sup-
pression of dendritic cells’ maturation
and functions by daidzein, a phytoestro-
gen. Toxicol. Appl. Pharmacol. 2011, 257
(2), 174-181. https://doi.org/10.1016/j.
taap.2011.09.002

Kim M. Kim H., Park H., Kim D., Chung H.,
Lee J. Baicalin from Scutellaria baicalensis
impairs Thl polarization through inhibi-
tion of dendritic cell maturation. J. Phar-
macol. Sci. 2013, 121 (2), 148-156. https://
doi.org/ 10.1254/jphs.12200FP
Yoshimura M., Akiyama H., Kondo K., Saka-
taK.,Matsuoka H.,AmakuraY., Teshima R.,
Yoshida T. Immunological effects of oeno-
thein B, an ellagitannin dimer, on den-
dritic cells. Int. J. Mol. Sci. 2012, 14 (1),
46-56. https://doi.org/10.3390/
ijms14010046

Ramstead A., Schepetkin I., Quinn M.,
Jutila M. Oenothein B, a cyclic dimeric
ellagitannin isolated from Epilobium an-
gustifolium, enhances IFNy production
by lymphocytes. PloS One. 2012, 7 (11),
eb0546. https://doi.org/10.1371/journal.
pone.0050546

Ramstead A., Schepetkin I., Todd K., Loeffel-
holz J., Berardinelli J., Quinn M., Jutila M.
Aging influences the response of T cells to
stimulation by the ellagitannin, oenothein
B. Int Immunopharmacol. 2015, 26 (2),
367-377. https://doi.org/10.1016/j.in-
timp.2015.04.008

Abd-Alla H., Moharram F., Gaara A., El-
Safty M. Phytoconstituents of Jatropha
curcas L. leaves and their immunomodula-
tory activity on humoral and cell-mediated
immune response in chicks. Z. Naturforsch
C. 2009, 64 (7-8), 495-501. https://doi.
org/10.1515/znc-2009-7-805

Kumazawa Y., Takimoto H., Matsumoto T.,
Kawaguchi K. Potential use of dietary
natural products, especially polyphenols,
for improving type-1 allergic symptoms.
Curr. Pharm. Des. 2014, 20 (6), 857—863.

144

145.

146.

147

148

149.

150.

151.

152.

https://doi.org/10.2174/13816128200614
0220120344

.Magrone T., Tafaro A., Jirillo F., Amati L.,

Jirillo E., Covelli V. Elicitation of immune
responsiveness against antigenic chal-
lenge in age-related diseases: effects of
red wine polyphenols. Curr. Pharm. Des.
2008, 14 (26), 2749-2757. https://doi.
org/10.2174/138161208786264043

Yin Y., Sun Y., Gu L., Zheng W., Gong F.,
Wu X., Shen Y., Xu Q. Jaceosidin inhibits
contact hypersensitivity in mice via down-
regulating IFN-y/STAT1/T-bet signaling
in T cells. Eur. J. Pharmacol. 2011, 651 (1—
3), 205-211. https://doi.org/10.1016/j.
ejphar.2010.10.068

SunY ., WuX.YinY. GongF.,ShenY.,CaiT.,
Zhou X.,Wu X., Xu Q. Novel immunomodu-
latory properties of cirsilineol through se-
lective inhibition of IFN-gamma signaling
in a murine model of inflammatory bowel
disease. Biochem. Pharmacol. 2010, 79
(2), 229-238. https://doi.org/10.1016/j.
bcp.2009.08.014

.Xiaod.,Zhai H.,Yao Y., Wang C., Jiang W.,

Zhang C., Simard A., Zhang R., Hao J. Chry-
sin attenuates experimental autoimmune
neuritis by suppressing immuno-inflamma-
tory responses. Neuroscience. 2014, V. 262,
P. 156-164. https://doi.org/10.1016/j.
neuroscience.2014.01.004

.Zhang X.,WangG.,Gurley E., Zhou H.Flavo-

noid apigenin inhibits lipopolysaccharidein-
duced inflammatory response through mul-
tiple mechanisms in macrophages. PloS
One. 2014, 9 (9), e107072. https://doi.
org/10.1371/journal.pone.0107072

Liu Z., Zhong J., Gao E., Yang H. Effects of
glycyrrhizin acid and licorice flavonoids on
LPS-induced cytokines expression in mac-
rophage. Zhongguo Zhong Yao Za Zhi. 2014,
39 (19), 3841-3845.
ChoY.,YouS.,KimH.,ChoC.,Leel.,Kang B.
Xanthohumol inhibits IL-12 production
and reduces chronic allergic contact derma-
titis. Int. Immunopharmacol. 2010, 10 (5),
556—-561. https://doi.org/10.1016/j.in-
timp.2010.02.002

Yasui M., Matsushima M., Omura A.,
Mori K. Ogasawara N. Kodera Y.,
Shiga M., Ito K., Kojima S., Kawabe T.
The suppressive effect of quercetin on
toll-like receptor 7-mediated activation
in alveolar macrophages. Pharmacology.
2015, 96 (5-6), 201-209. https://doi.
org/10.1159/000438993

Wong C., Nguyen L., Nok S., Bray T., Bru-
no R., Ho E. Induction of regulatory T cells
by green tea polyphenol EGCG. Immunol
Lett. 2011, 139 (1-2), 7-13. https://doi.
org/10.1016/j. imlet.2011.04.009



Reviews

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

Mossalayi M., Rambert J., Renouf E.,
Micouleau M., Mérillond.Grapepolyphenols
and propolis mixture inhibits inflammatory
mediator release from human leukocytes
and reduces clinical scores in experimental
arthritis. Phytomedicine. 2014, 21 (3),
290-297. https://doi.org/10.1016/j.phy-
med.2013.08.015

Saroni Arwa P., Zeraik M. L., Ximenes V. F.,
da Fonseca L. M., Bolzani Vda S., Siqueira
Silva D. H. Redox-active biflavonoids from
Garcinia brasiliensis as inhibitors of neu-
trophil oxidative burst and human eryth-
rocyte membrane damage. J. Ethnopharma-
col. 2015, V. 174, P. 410-418. https://doi.
org/10.1016/j.jep.2015.08.0414

Chang M. C., Chang H. H., Wang T. M.,
Chan C.P., Lin B.R.,Yeung S.Y.,Yeh C.Y.,
ChengR.H.,JengJ.H. Antiplatelet effect of
catechol is related to inhibition of cyclooxy-
genase, reactive oxygen species, ERK/p38
signaling and thromboxane A2 production.
PLoS One. 2014, 9 (8), e104310. https://
doi.org/10.1371/journal.pone.0104310
Hopkins A. L. Network pharmacology: the
next paradigm in drug discovery. Nat.
Chem. Biol. 2008, 4 (11), 682—-690. https://
doi.org/10.1038/nchembio.118
BoezioB.,AudouzeK.,DucrotP.,TaboureauO.
Network-based Approaches in Pharmaco-
logy. Mol. Inform. 2017, 36 (10). https://
doi.org/10.1002/minf.201700048

Zang W. J. Network pharmacology: A fur-
ther description. Network Pharmacology.
2016,1 (1), 1-14.

ZhangG.,LiQ.,Chen Q., Su S. Network phar-
macology: a new approach for chinese herbal
medicineresearch. Evid. Based Complement.
Alternat. Med. 2013, V. 2013, P. 621423.
https://doi.org/10.1155/2013/621423
DiS.,HanL.,Wang@Q.,LiuX.,YangY.,LiF.,
ZhaoL., Tong X. A network pharmacology
approach to uncover the mechanisms of
Shen-Qi-Di-Huang decoction against diabet-
ic nephropathy. Evid. Based Complement.
Alternat. Med. 2018, V. 2018, P. 7043402.
https://doi.org/10.1155/2018,/7043402
Van Vuuren S., Viljoen A. Plant-based
antimicrobial studies--methods and
approaches to study the interaction
between natural products. Planta. Med.
2011, 77 (11), 1168-1182. https://doi.
org/10.1055/s-0030-1250736

Spinella M. The importance of
pharmacological synergy in psychoactive
herbal medicines. Altern. Med. Rev. 2002,
7(2), 130-137.

Williamson E. M. Synergy and other
interactions in phytomedicines.
Phytomedicine. 2001, 8 (5), 401-409.

164.

165.

166.

167.

168.

169.

170.

171.

Efferth T., Koch E. Complex interactions
between phytochemicals. The multi-target
therapeutic concept of phytotherapy. Curr.
Drug. Targets. 2011, 12 (1), 122-132.
Malongane F., McGaw L. J., Mudau F. N.
The synergistic potential of various teas,
herbs and therapeutic drugs in health
improvement: a review. J. Sci. Food Agric.
2017, 97 (14), 4679-4689. https://doi.
org/10.1002/jsfa.8472

Bahmani M., Taherikalani M., Khaksa-
rian M., Rafieian-Kopaei M., Ashrafi B.,
Nazer M., Soroush S., Abbasi N.,
Rashidipour M. The synergistic effect
of hydroalcoholic extracts of Origanum
vulgare, Hypericum perforatum and their
active components carvacrol and hypericin
against Staphylococcus aureus. Future
Sci. OA. 2019, 5 (3), FSO371. https://doi.
org/10.4155/fs0a-2018-0096

Gadisa E., Weldearegay G., Desta K., Tse-
gayeG.,HailuS.,Jote K., Takele A.Combined
antibacterial effect of essential oils from
three most commonly used Ethiopian
traditional medicinal plants on multidrug
resistant bacteria. BMC Complement.
Altern. Med. 2019, 19 (1), 24. https://doi.
org/10.1186/s12906-019-2429-4

Su S., Hua Y., Wang Y., Gu W., Zhou W.,
Duan J. A., Jiang H., Chen T., Tang Y.
Evaluation of the anti-inflammatory and
analgesic properties of individual and
combined extracts from Commiphora
myrrha, and Boswellia carterii. J.
Ethnopharmacol. 2012, 139 (2), 649-
656. https://doi.org/10.1016/j.
jep.2011.12.013

Gonulalan E. M., Nemutlu E., Demire-
zer L. O. A new perspective on evaluation
of medicinal plant biological activities:
The correlation between phytomics and
matrix metalloproteinases activities of
some medicinal plants. Saudi Pharm. J.
2019, 27 (3), 446-452. https://doi.or-
2/10.1016/j.jsps.2019.01.006

Gonulalan E. M., Nemutlu E., Bayazeid O.,
Kocak E., Yalgin F. N., Demirezer L. O.
Metabolomics and proteomics profiles of
some medicinal plants and correlation
with BDNF activity. Phytomedicine.
2019, 152920. https://doi.org/10.1016/j.
phymed.2019.152920

Yang Y., Zhang Z., Li S., Ye X., Li X,
He K. Synergy effects of herb extracts:
pharmacokinetics and pharmacodynamic
basis. Fitoterapia. 2014, V. 92, P. 133—
147. https://doi.org/10.1016/j.
fitote.2013.10.010

61



BIOTECHNOLOGIA ACTA, V. 12, No 5, 2019

3ACTOCYBAHHSA ®ITOITPEITAPATIB
Y JIKYBAHHI ITATOJIOT'TI
T'EITATOBLJIIAPHOI CUCTEMU:
TEHJAEHIIII TA IIEPCIIEKTUBH
M. Faxpamau%al’ 2
M. Pyoux?
J. Cxisra®

1Me,zqu1/11?1 nentp Nargiz, Baky, Azepbaimxan
2HHII «ImeTuTyT 6Giosorii Ta MEAUITMHI» ,
KuiBcbkuiil HaIlioHAJTBLHUI YHiBEPCUTET
imeni Tapaca IlleBuenka, YKpaina

E-mail: rosiente@gmail.com

3axBOpIOBaHHA OpraHiB remartobOimiaprHOI
CUCTEeMHU CTAHOBJIATH BAXKJIUBY MEAUKO-COILi-
aJlpHy mpobsieMy y 3B A3KY 3 AemaJi 3pocTa-
UMY DOKa3HUKaMu MOPOigHOCTI B ychoMy
cBiTi. XBOopoOu meuiHKM Ta OisiapHOI cucTeMu
XapaKTepusyoThCAd KOMIIJIEKCHOIO matogdisi-
0JIOTi€I0 i MOKYTH CYIPOBOIKYBATHUCS PO3-
BUTKOM CYNPOBiIHMX HATOJIOTIiUHMX CTaHiB.
Ix nixyBamHA morpebye 3acrocyBaHHA Oara-
TOIiILOBUX IIpemaparTiB, OioJoriuHa misg AKUX
cIpsAMOBaHAa Ha Pi3HI TepameBTUUYHI MimeHi.
EdexTuBHuicTh JikapchbKux 3aco06iB Aya Tepamii
posianis remaTobisiapHOI cucTeMHu Ha CHOTOLHI
€ HU3bKO0IO, a yacToTa mobiunux epekTiB — mo-
CTaTHbO BUCOKOI0. Ile akTyasidye momyxk i pos-
po6JieHHA BUCOKOE(DEKTUBHUX T'e€IaTOIPOTEK-
TOPiB 3 HUBBKOIO YACTOTOIO MOGIiUYHUX e(eKTiB.
I>xepesioM TaKUX IpemapaTiB MOKYTDb OyTH JIi-
KapcbKi pocaumuu. B orasaai ysaraabHeHO maHi
CTOCOBHO MeXaHi3MiB remaTonpoTeKTOPHOI Ta
iMyHOMOAYAATOPHOI mil JiKapChbKUX POCIUH
Ta ixHiX diTokoHCcTUTYEeHTIB. OKpecyeHo mep-
CIIEKTUBU PO3POOKU Ta 3aCTOCYyBaHHA (hiTompe-
nmapartiB y JiKyBaHHI 3aXBOPIOBaHb OPraHiB re-
naTobijziapHoi cucTeMu.

Knwuwosi cnosea: 3axBOPIOBAHHS OpPTraHiB
remnarobijgiapHoi cucremMu, JiKapcbKi pocamHwH,
reraToIPOTEeKTOPY, IMyHOMOAYJJIATOPHU.
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3aboseBaHUA OPTaHOB remaToOUIMapHON
CUCTEeMBbI IPEACTABIAIOT BaKHYIO MEIUKO-CO-
MUaJbHYIO IIP00JieMy B CBA3U C BO3pacTaro-
UMY IOKal3aTeJAMU MOPOUIHOCTH BO BCEM
mupe. Bose3nu meueHu U OUJIMAPHOM CUCTe-
MBI XapaKTepU3yITCsA KOMIJEKCHON IaTo-
(hmsmonorMel U MOTYT COIPOBOYKIATHCA Pa3-
BUTHEM COMYTCTBYIOIINUX HAaTOJOTHUUYECKUX
cocrosgHMi. Jleuenue Takmx 3abosieBaHUM
TpebyeT MpUMEeHEeHUsS MHOTOIIeJEeBBIX IIpe-
mapaToB, OMOJIOTHYECKOe IeliCTBUEe KOTOPBIX
HaIIPaBJIEHO HA PA3JINUYHBIE TePAIIEeBTUUECKUE
mMutieHu. 3GPeKTUBHOCTD CYIIeCTBYIOIINX Ha
CEerOHAIIHUY AeHb JIEKAPCTBEHHBIX CPEACTB
IJIs Tepalny PAcCTPOICTB remaToOuInapHoi
CUCTEeMBI OCTaeTCs HUBKOM, a yacToTa mobou-
HBIX 3((PEKTOB — JOCTATOYHO BHICOKOU. ITO
AKTyaJu3uPyeT IMOUCK U pa3dpaboTKy BHICOKO-
5(GeKTUBHBIX TeIaTONPOTEKTOPOB ¢ HU3KOM
4acToTo¥ mob6ouHbIX a(hdeKkToB. VcTOUHUKOM
TAKUX IIPEerapaToB MOTYT OBITH JIEKAPCTBEH-
HbIe pacTeHus. B 0630pe 0600IIIeHbI JaHHEIE,
KacamoIlnecsa MeXaHN3MOB renaTonpPoOTEKTOP-
HOTO U UMMYHOMOIYJUPYIOIIEro AeCTBUI Jie-
KapCTBEHHBIX PACTeHUN U X PUTOKOHCTUTY-
9HTOB. OUuepUeHbl MEePCIEeKTUBLI PaspaboTKu
U IpUMeHeHUs (puTompernapaToB B JIeUeHUU
3a00JeBaHUM OPraHOB renaTOOUJINAPHOU CH-
CTEeMBI.

Knwouesnvle cnosa: 3aboneBanus OpraHoB remnaTo-
OuIMapHOU CHUCTEMBI, JIEKAPCTBEHHBIE PACTeHNA,
TreraTomPOTeKTOPhI, UMMYHOMOIYIATOPEI.
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The aim of the study was to produce magnetically controlled biosorbent based on fungi of champignon
and shiitake, to determine the proportion of the magnetically controlled phase of the biomass of fungi
when the magnetic fluid (MF) was added to the substrate and to explore the efficiency of extraction Fe®"
ions by shredded biomass of the fungus. The object of the study was mushrooms champignon Agaricus
bisporus and shiitake Lentinula edodes grown in the laboratory. An effective and cheap way to remove
waste biosorbent from the working environment is a high-gradient magnetic separation (HGMS), which
takes place in high-speed mode. The separation of the magnetically controlled phase of fungi biomass
A. bisporus and L. edodes was carried out by HGMS methods. It was investigated that when using the bio-
mass of champignon grown on MF, the properties of the sorbent were significantly improved, the full
saturation was 6 times faster in comparison with the biosorbent based on the biomass of the fungus grown
without MF.

Key words: biogenic magnetic nanoparticles, magnetite, magnetically controlled biosorbent,

champignon Agaricus bisporus, shiitake Lentinula edodes.

The interest in the biosynthesis of iron-
containing biogenic magnetic nanoparticles
(BMNs) is associated with their ferrimagnetic
properties. BMNs are the subject of intense
research when they were first discovered in
magnetotactic bacteria (MTB) [1]. BMNs are
found in organisms that belong to all three
domains: prokaryotes, archaea and eukaryotes
[1-11]. BMNs has been experimentally
detected in algae and protozoa [12], worms
[7], chitons [9], snails [13], ant and butterflies
[14-16], honey bees [5, 15], termites [6],
lobsters [17], tritons [18], migratory and non-
migratory fish [8, 19—-24], turtles [10, 25],
birds [26—29], bats [30], dolphins and whales
[31], pig[32], humans [33—35], plants [36, 37]
and mushrooms [37—-39].

It was found that the mechanism of
biomineralization of BMN is the same for all
living organisms [40—-42].

All species are potential producers of
BMNs among investigated representatives
of the divisions of fungi the Ascomycetes
(Ascomycota) and Basidiomycetes
(Basidiomycota), which decoded the genomes
of more than 50% in the database GenBank
NCBI as it was proved by the methods of
comparative genomics. At the same time,
experimental studies of BMNs in fungi
samples A. bisporus and L. edodes by means of
methods atomic force microscopy (AFM) and
magnetic force microscopy (MFM) showed
that the BMNs in the fungi form chains that
are localized on the walls of hyphae of samples
of fungi. In recent decades, the search for
sorbents of biological origin has become one of
the most promising areas of problem solving
for combating pollution with heavy metals in
the environment. Heavy metals are elements of
pollution from transport and many enterprises
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in various industries. These metals entering
into the human body cause poisoning and lead
to serious disruption of metabolic processes
and vital body functions [43].

And it is known [43—45] that the fruiting
bodies of macromycete fungi (Boletus edulis
(penny bun), Ganoderma lucidum (lingzhi
mushroom), Calvatia excipuliformis (handkea
excipuliformis), Paxillus involutus (brown
roll-rimy), Tricholoma terreum (grey knight),
Armillaria mellea (honey fungus) are natural
and safe sorbents of heavy metal ions, dyes and
pesticides.

Chitin is the only polysaccharide that
contains nitrogen atoms and has uniquely
high sorption properties. Fungi were chosen
as the main active agent for the production of
magnetically controlled biosorbent, because of
the high content of chitin in the cell wall [43, 44].

Fungi can accumulate high concentrations
of heavy metals [46—50]. Zinc (Zn), copper
(Cu), manganese (Mn), lead (Pb), chromium
(Cr), mercury (Hg), cadmium (Cd), nickel (Ni)
and iron (Fe) can be accumulated in the largest
quantities in fruiting bodies and the mycelium
of many species of fungi[43, 44, 51].

However, the problem of removing metal-
saturated biosorbent from the working
solution remains relevant. The known
method — filtering through a filter-paper, is
quite long and inefficient [52, 53]. Therefore
it is important to find a more efficient way to
extract metal-saturated biosorbent from the
working solution. Such a cheap and effective
method is high-gradient magnetic separation
(HGMS) [54], which operates in a high-speed
mode.

Therefore, the aim of the work is to obtain
a magnetically controlled biosorbent based on
champignon and shiitake, the fraction of the
magnetically controlled phase of the biomass of
the studied fungi when added to the substrate
magnetic fluid (MF) and study the efficiency
of the extraction of Fe?" ions by the biomass of
the fungus A. bisporus.

Materials and Methods

Agaricus bisporus and Lentinula edodes
were grown according to the standard method
[565, 56].

Champignons and shiitake, were grown on
medium with the addition of MF (magnetite —
iron oxide Fe;0,), using a concentration MF
of 0.1 mg/ml, which is close to the content of
magnetite in soils [67-59] and 1 mg/ml, to
study the characteristics of sorbents from the
biomass of fungi.
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Preparation of fungus biomass for high
gradient magnetic separation includes the
following steps: drying of a fresh fungus in a
oven at t = 60 °C to a constant mass, grinding
dry biomass using an electric mill for 1-5 min,
sifting the biomass of fungi through a sieve
with a cell diameter of 0.5 mm.

Suspensions were prepared for HGMS
by mixing dried and crushed biomass
of A. bisporus and L. edodes fungi with
water, so that the ratio of the mass of the
biosorbent to the water mass was 1: 200
(1 g per 200 ml of water). It is optimal
concentration of mushroom/water, because
its increase causes the grinding of a
ferromagnetic matrix.

The suspensions (200 ml) that are based
on fungus biomass of fungi A. bisporus and
L. edodes were separated by high-gradient
ferromagnetic matrix. The value of the
magnetic field flux density is 3500 G. The
diameter of the coils is 41.0 cm, the size of the
magnet tips is 20.0x15.0 cm and size of the
cuvette is 3.5x5.0 cm. External magnetic field
is homogeneous, since the size of the cuvette
with a ferromagnetic matrix of low carbon
steel (according to the Ukrainian standards
380-2005 and 1050-90, composition: C —
0.25%,Si — 0.35%,Mn — 0.8%,S — 0.06%,
P — 0.08%) is much less than the size of the
pole tips of the electromagnet (dimensions are
shown in Fig. 1).

The working fluid laminar flows through
a high-gradient magnetic separator. The
particles retained on the ferromagnetic matrix
in the filter are washed with a small amount of
distilled water.

The experimental setup for separating the
magnetic phase of fungi from the nonmagnetic
is shown in Fig. 1 [60].

Dry and crushed, using a laboratory mill,
the biomass of the fungus A. bisporus grown
on substrates with addition of MF of different
concentrations, was tested for sorption
capacity with respect to Fe®" ions.

The process of biosorption was carried out
with mechanical stirring 180 rpm, sorption
duration 30 min.

Concentration of Fe®" ions in solution —
50 mg/I.

Biosorbent concentration — 2 g/1.

Sampling time — 5 min, 10 min, 20 min,
30 min.

After sampling, the blue ribbon filter was
used to determine the residual amount of Fe3"
ions.
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Fig. 1. The scheme of an experimental installation for HGMS:
1 — cuvette; 2 — magnetic system; 3 — a ferromagnetic matrix of low carbon steel (a is wire diameter —
0.58mm, b is cell size — 0.5x0.5 mm); 4 — an inlet pipe; 5 — outlet pipe; 6 — container for the working

fluid; 7 — the speed control fluid; 8 — container for resetting the nonmagnetic phase; 9 — perforated plate

for distributing the flow of liquid

Table 1. Cluster size before and after HGMS, percentage of separated parts

of dry crushed biomass of shiitake (L. edodes), penny bun (B. edulis)
and champignons (A. bisporus) depending on grinding, time

The time of grinding dry mushroom, min

Fungi Characteristic
1 min 2 min 3 min 4 min 5 min
Size of the clusters | ;7,1 03 | 1.7+1.19 | 1.68+0.78 | 1.52+1.03 | 1.49+0.85
before HGMS, pm : : : : : : : : : :
L. edodes
Size of the clusters
after HGMS, pm 3.6+1.2 3.93+0.51 4.1+1.05 4.4+0.45 4.3+0.78
% magnetic phase 3.3 3.7 4.38 4.37 4.34
Size of the clusters
before HGMS, jim 1.83+1.19 1.76+1.14 1.5+0.32 1.36+0.24 1.3+0.47
B. edulis Size of the clusters
after HGMS, pm 1.93+1.01 2.1+1.07 2.38+1.51 | 2.27+0.61 2.25+0.68
% magnetic phase 1.62 1.94 2.23 2.1 2.15
Size of the clusters
before HGMS, pam 2.44+1.1 2.23+0.93 1.73+0.56 1.66+1.21 1.58+0.85
. Size of the clusters
A. bisporus after HGMS, pam 2.96+0.63 | 3.61*+0.78 | 3.18%+1.03 | 3.58%=1.05 | 3.97%+0.68
% magnetic phase 1.01 1.01 1.05 1.44 1.17
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Fig. 2. Optical microscopy of dry biomass champignons before (A) and after separation (B)
(scale bar 100 pm)
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Fig. 3. Optical microscopy of dry biomass shiitake before (A4) and after separation (B)
(scale bar 100 nm)

Results and Discussion

The separation of the magnetized magnetic
phase of the biomass of fungi was carried
out with the installation for the HGMS. The
average size of clusters was calculated using
“Gwyddion” software. The results are shown
in Table 1.

The results (Fig. 2, 3) show that after the
HGMS the size of clusters and% of separated
magnetically controlled phase increased
significantly. The optimal time of grinding
the dry biomass of the fungus is 3—4 min, so
as further grinding does not reduce the size of
the clusters and does not increase the number
of magnetically controlled phase.
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It is investigated (Table 2) that after
HGMS the size of clusters of fungi biomass,
grown on substrates with the addition of
concentrated magnetite, increased almost
4 times, compared to the size before
separation for shiitake and 3.3 times for
champignons. This can be explained by
the coagulation of clusters, containing
magnetic particles, in the external
magnetic field of the separator. Shiitake
contains more magnetically controlled
phase (3.3-4.8%) compared to champignon
(1.05-1.8%).

Biosorbent based on the biomass of
mushrooms was prepared as follows to
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Table 2. Comparison of the results of HGMS of fungi A. bisporus and

L. edodes grown on the substrate with the addition of MF of different concentrations

Fungi Characteristic Control 0.1 mg/ml 1 mg/ml
e T 1.52:£0.05 1.560.08 1.61:0.2
L. edodes Size of the clusters o/ Vi 5.1+1.1 5.8+1.4
after HGMS, m 4.4:x1.1 (189%) (227% )* (260% )*
% magnetic phase 3.3% 3.6% 4.8%
Jize of glélf,}‘slsifés 1.730.1 1.52+0.56 1.59+0.05
A. bisporus Size of the clusters . 4.1+1.3 4.9+0.9
after HGMS, pm 8.18+1.1(83%) (170% )* (208% )*
% magnetic phase 1.05% 1.5% 1.8%

* P < 0.05 compared with the size of clusters before HGMS.

Table 3. The efficiency of sorption of Fe®*ions

Efficiency of remote ions Efficiency of remote ions Fe>* on Efficiency of remote ions
Sorption Fe3" on the basis of cy ot ¢ . Fe3' on the basis of biomass
. . . the basis of biomass A. bisporus .
time, min biomass (MF 0.1 mg/ml), % A. bisporus
A. bisporus, % - mg » 70 (MF 1 mg/ml), %

5 43=+2 91.5+0.5 94+0.5

10 67+2 93.5+0.5 95+0.5

20 80=+2 94.0+0.5 96+0.5

30 902 94.5%+0.5 99.5%+0.5

determine the sorption capacity: fresh
biomass of the fungus A. bisporus were dried
to constant weight in a drying cabinet at
t = 60 °C to a constant mass; grinding dry
biomass using an electric mill for 1 min,
sifting the biomass of fungi through a sieve
with a cell diameter of 0.5 mm. Carried out
the sorption of iron ions Fe®' and carried out
the determination of residual amount of iron
in the solution after mixing. The results of
the experiments are presented in Table 3 and
Fig. 4.

Thus, dry biosorbent based on mushroom
biomass champignons has a high sorption

capacity with respect to Fe3" ions since the
efficiency of extraction of iron (III) ions at
30 min of sorption in all samples is more than
90% . It is proved that the full saturation is
6 times faster, that is, 5 min, compared with
30 min for biosorbent based on the biomass of
the fungus grown without MF.

Conclusions

The HGMS divided the magnetically
controlled phase of fungi biomass A. bisporus
and L. edodes. It was investigated that
after HGMS the particle size for A. bisporus
increased by 1.8—3 times, for L. edodes by 2.8—
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Fig. 4. Effect of germanium coordination compounds on activity of P. tardum o-L-rhamnosidase

3.6 times. Shiitake contains more magnetically
controlled phase (3.3-4.8% ) compared to
champignon (1.05-1.8%).

The sorption properties of the fungus
A. bisporus were investigated, when using the
biomass of champignons grown on MF, the
properties of the sorbent are significantly
improved, the full saturation is 6 times faster,
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OTPUMAHHSA MATHITOKEPOBAHOTI'O
BIOCOPBEHTY HA OCHOBI
I'PUBIB Agaricus bisporus
TA Lentinula edodes
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MeTo10 pob6oTu 6yJI0 OTPUMATH MarHiTOKe-
poBaHuUii 6iocopOeHT Ha OCHOBi rpubiB meuyepu-
mi Ta mwuiTake, BUSHAYUTU YaCTKy MarHiTOKe-
poBaHOi (pasu 6Giomacu rpubiB 3a fomaBaHHA IO
cyberpary marHiTHol piguau (MP) i gocaiguru
eheKTUBHICTL BUJYUYEHHS i0HIB Fe3" noapi6-
HeHOI0 Oiomacoi rpuba meuepuiii. O6’ekToMm
IOCHiMKeHHA Oyau rpubu meuepuili Agaricus
bisporus i muirtaxke Lentinula edodes, Bupo-
meHi B jmabopartopii. EpexTuBHuM Ta merre-
BUM CIIOCOOOM BHUJIYYEHHS BigmpambOBaHOTO
b6iocopOeHTyY 3 po60UOro cepesoBUIIA € BUCOKO-
rpagierTHa maruitTHa cemapaiia (BI'CM), aka
NIPOXOAUTH y MIBUAKiCHOMY peskumi. MeTozna-
mu BI'MC spificaeHo BifgmineHHs mMar"iToxe-
poBaHoi ¢asmu 6iomacu rpubiB A. bisporus Ta
L. edodes. YcTaHOBIIEHO, IO B Pasi BUKOPHU-
craHHs Oiomacu meuepwuilli, Bupoinenoi aa MP,
3HAYHO MOJIINIIYIOTHLCA BJIACTUBOCTI copbeH-
Ty, IIOBHe HacCUUYeHHA BimOyBaeThcA B 6 pasis
IIBUIIIE TOPiBHAHO 3 0iocop6GeHTOM Ha OCHOBI
6iomacu rpuba, Bupoieroro 6es3 MP.

Kanarwuosi cnoea: 6iorenHi MarHiTHi HaHOYACTHH-
KU, MarHeTUT, MarHiToKepoBaHuii 6GiocopGeHT,
neuepuna Agaricus bisporus, muitake Lentinula
edodes.

IIOJIYYEHHUE
MATHHUTOYIIPABJAEMOI'O
BUOCOPBEHTA HA OCHOBE I'PUBOB
Agaricus bisporus U Lentinula edodes
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O. B. Kosanes®

1HauH0HaanHﬁ TeXHUYECKU
YHUBEPCUTET ¥ KPAUHBI
«KueBcKkUil TOMUTEXHUUECKU UHCTUTYT
umenu rops CUKOPCKOTO»
2KII « VIKKT», CraByTuy

E-mail: luba97a@gmail.com

ITensio mcciemoBaHUsS OBIJIO MHOJYUYUTH
MarHUTOYIIPaBJIsAeMbIii 6MOCOPOEHT HA OCHO-
Be rpuboB MIaMIIMHBOHA U IINUTAKe, OIpeJe-
JUTH DOJI0 MAarHUTOYIIPABJIAeMOU (pasbl 6umo-
Macchl rpuboB nmpu HJoOaBIeHUU K cyOcTpaTy
marauTtHoi xKunakoctu (MiK) u mccaemoBars
9P PEeKTUBHOCTh U3BIedeHUA HoHOB Fe®' uas-
MeJIbUeHHOII OumoMaccoi rpuba ImaMOnHbOHA.
O6BEeKTOM MCCIEeOBAHUA OBIIN I'PUOBI IIIAMIIH-
HBOHBI Agaricus bisporus n munrake Lentinula
edodes, BoIpallleHHbIe B JabopaTopuu. dPdex-
TUBHBIM U JeIIeBLIM CIIOCOO0OM ymaJieHUsS OT-
paboranuoro 6mocopbeHTa u3 paboueil cpembl
ABJIsAeTCA BBICOKOTPaJAMEHTHAasA MarHUTHAasd
cemapanusa (BI'CM), xoTopas IPOXOAUT B CKO-
poctHoM pesxume. Metogamu BI'MC ocy1ecr-
BJICHO OTJeJIeHre MarHuTOyIIpaBIsdeMoil (hassl
6uomaccel rpuboB A. bisporus u L. edodes.
YcTaHOBJIEHO, UTO IPU MCIOJb30BaHUU OUO-
Macchl IMaMIOIMHLOHA, BhipalmeHHoit Ha MK,
3HAYUTEJIHHO YJIYUIIAIOTCSA CBOMCTBA COPOEH-
Ta, HOJHOE HACBII[eHNEe IPoucXozuT B 6 pas
OBICTpee IO CPAaBHEHUIO ¢ 6M0COpPOeHTOM HAa OC-
HOBe OmoMacchl rpuba, BeipalneHuaoro 6es MiK.

Knrouesvie cnoea: OHWOreHHBLIE MarHUTHBIE
HAHOYaCTUIbl, MAaTHETUT, MATHUTOYIIPABISIEMbI
6uocopbeHT, MIaMUUHLOH Agaricus bisporus,
muurarke Lentinula edodes.
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The purpose of the work was to study the antimicrobial, antibiofilm-forming, antioxidant and
some biochemical properties of alcoholic extracts of Potentilla erecta L. rhizome. The plants for the
study were gathered around the village of Luta, Velyky Berezny rayon, Transcarpathia. From the
Potentilla erecta L. rhizome, ethyl and methyl alchogol extracts were produced. The aim of the study
was their antioxidant activity (by DPPH method), total tannin and flavonoids (by spectrophotometric
method), and antimicrobial activity (by diffusion-into-agar method). The clinical isolates were
isolated with the use of differentially diagnostic nutrient media. The antibiofilm activities of the
extracts were tested in standard 96-well microtitration plates.

Ethyl and methyl extracts of Potentilla erecta L. rhizome were shown to reveal high antioxidant
activity. Antimicrobial activity of the extracts against Staphylococcus genus bacteria and Candida
genus fungi was established. The study proved high capacity of ethanol extract for bacterial biofilm
destruction.

Thus, the study showed the antimicrobial, antioxidant and antibiofilm-forming activity of
tormentil ethyl extract against the isolates from the mouth cavities of patients suffering from
parodentium inflammatory diseases, which fact contributes to the application prospects of this
extract as an active base for mouth cavity hygiene preparations.

Key words: antimicrobial effect, antibiofilm formation, plant extracts, antioxidant activity, fla-

vonoids, tannins.

Studies aimed at the search of natural
substances with antimicrobial activity,

can destroy bacterial biofilm are also of
significant importance nowadays. The

including those derived from plants. This
trend is connected with the diversity of
biologically active compounds that have a
broad spectrum of pharmacological activity
and exhibit antioxidant, anti-inflammatory
and even anticancer properties [1]. Substances
of plant origin are widely used both in
conventional and folk medicine, as well as in
food, pharmaceutical and beauty industries.
Studies aimed at the search of substances
that, apart from their antimicrobial activity,
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microorganisms of the biofilm are known
to possess a higher level of resistance to
antimicrobial preparations, and as such they
serve an additional factor of pathogenicity [2,
3]. This problem is especially vital for mouth
cavity diseases, where the prevailing majority
of agents of inflammatory diseases are part
of the biofilm, which complicates treatment
of persisting diseases [4]. In our previous
works, we showed the high percentage of
antibiotic-resistant microorganism strains



Experimental articles

within microbial associations of mouth cavity
affected by chronic inflammatory process
[5, 6]. In that case, it was Staphylococcus
spp. genus bacteria and Staphylococcus
spp. + Candida spp.; Staphylococcus spp.
+ Enterobacteriaceae spp. microorganism
associations that were the dominating
associates during an inflammatory process,
on the background of the most complicated
clinical course [7]. In [8] it was shown that the
microorganisms being part of the biofilm were
characterized by a higher level of resistance to
antimicrobial preparations. This is why, the
search of the substances with antimicrobial
and antibiofilm-forming activities presented
a particular interest. In our previous works
we also showed the antimicrobial activity of
essential oils and cowberry extract against
clinical microorganism isolates[9, 10].

The Potentilla genus is a member of
the Rosaceae family, Rosoideae subfamily,
which is mainly distributed in temperate,
arctic and Alpine zones of the Northern
hemisphere. Extracts of the aerial and/or
underground parts have been applied in
traditional medicine for the treatment of
inflammations, wounds, certain forms of
cancer, infections due to bacteria, fungi and
viruses, diarrhoea, diabetes mellitus and other
ailments [11].

The substances extracted from rhizomes of
Potentilla genus plants are known to possess
antimicrobial properties, but no data on the
effect of the extracts upon antibiotic-resistant
clinical isolates and their antibiofilm-forming
properties have been available so far.

The purpose of the work was to study the
antimicrobial, antibiofilm, antioxidant and
some biochemical properties of alcoholic
extracts of Potentilla erecta L. rhizome.

Materials and Methods

The plant materials were collected in the
vicinity of the village of Luta, Velyky Berezny
rayon, Trancarpathia, dried at the temperature
of 30—35 °C in shadow, then ground and placed
in tightly closed containers.

Extracts manufacturing techniques. We
made ethyl and methyl extracts of Potentilla
erecta L. rhizome. A 10 g batch of dry plant
material was pulverized to powdery mass. In an
Erlenmeyer flask, 10 g of plant material was
blended with 200 ml of or 96° ethyl or methyl
alcohol (Sigma, Germany). The opening was
closed with a food wrap to avoid evaporation.
Following a 30-minute-long incubation in
the ultrasonic bath (Kraintek) at 35 °C, the

blend was filtered through Whatman No. 1
filter paper. The clear solution was placed
in an evaporative device (16-17/32''x34-
59/64"G5B, Coated Dry Ice Condenser Rotary
Evaporator) to obtain pure alcoholic extract at
50 °C, 82 rpm. Then, extracts were subjected to
evaporation under reduced pressure at 40 °C in
order to remove or ethyl or methyl. As a result,
the following pure extracts were obtained:
ethyl extract of 0.50 g; methyl extract of —
1.07 g. For the purpose of study, 0.50 g of
extract was chosen.

Antimicrobial assay. As test cultures,
the following bacteria and yeasts from
the American Type Culture Collection
were used: Candida albicans ATCC 885-
653; Staphylococcus aureus ATCC 25923;
Escherichia coli ATCC 25922; Enterococcus
faecalis ATCC 29212; Streptococcus pyogenes
ATCC 19615; reference S. aureus CCM 4223
biofilm-forming strain. We also used clinical
strains of bacteria and yeasts (S. aureus,
E. coli, S. pyogenes, E. faecalis, C. albicans)
isolated from the oral cavities of patients
suffering from inflammatory periodontium
and pharynx. We chose the clinical strains
with multiple resistance at least to two classes
of antibiotics. As a positive control were
used: gentamicin (10 mg/disk) for Gram-
negative bacteria, ampicilin (10 mg/disk) for
Gram-positive bacteria, nystatin (100 UI) for
Candida. As negative control were used DMSO.

The microorganisms from the oral cavities
of patients with chronic periodontium
inflammatory processes were isolated on
the basis of the Dental Polyclinic, Uzhhorod
National University; the extracts were
manufactured and their antioxidative activity
and contents of tannins and flavonoids were
determined on the basis of the Department
of Pharmacognosy and Botany, University of
Veterinary Medicine and Pharmacy in Kosice,
Slovakia; the antimicrobial activity of plant
extracts was studied at the Microbiological
Laboratory of the Department of Genetics,
Plant Physiology and Microbiology, Uzhhorod
National University, and Department of
Microbiology and Immunology, University of
Veterinary Medicine and Pharmacy in Kosice.

Antimicrobial activity of Potentilla erecta L.
rhizome extracts was determined using agar
diffusion test [12]. The bacterium inocula
100 pl in the physiological solution were
adjusted to the equivalent of 0.5 McFarland
standard, and evenly spread on the surface of
Muller-Hinton agar (incubated at 37+2 °C for
24 hours); yeasts — on SDA agar (incubated
at 35+2 °C for 48 hours). The extracts 20 ul
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were introduced into wells 6 mm in diameter.
The diameters of the inhibition zones were
measured in millimetres including the
diameter of the well. Each antimicrobial assay
was performed at least three times.

Determination of antibiofilm activity. The
antibiofilm activity of the EO were tested
in standard 96-well microtitration plates
(Greiner-BioOne, Austria) using a modified
staining method according to O’ Toole [13].

With the purpose of study of the
antibiofilm-forming activity, a 18-hour culture
of the reference S. aureus CCM 4223 biofilm-
forming strain grown at 37 °C was used. Into
the wells, 180 ul of bacterial suspension, Mc
Farland in broth (TSB, Himedia, India) were
introduced. The Potentilla erecta L. rhizome
extracts dissolved to the concentrations of
1%, 5% and 10% in dimetylsulfoxide (DMSO;
Sigma-Aldrich, USA) was introduced into
the wells in the amount of 20 pl. Following
the addition of the bacterial suspension,
the concentration of plant extracts in the
broth equaled to 0.1%, 0.05% and 0.01%,
respectively. The wells with only 180 pul of
broth and 20 pl of 10% DMSO served as the
control.

Following a 24-hour-long incubation in
the thermostat at 37°, the supernatant was
withdrawn and washed 3 to 5 times with
distilled water. Following a 30-minute-long
incubation, it was dyed with 200 pul of 0.1%
solution of crystal violet; then the dye was
withdrawn, and the supernatant washed 3 to
5 times with distilled water. Into every well,
200 pl of 30% acetic acid were added and
incubated for 10 min. The optical density was
measured on the Synergy HT (Biotek, USA)
spectrophotometer at 550 nm.

More than 50% reduction in absorbance of
CV was considered as significant inhibition.
Statistical Analysis Values mentioned are
the mean with standard deviations, obtained
from three different observations. Values in
the control and treatment groups for various
molecules were compared using Student’s
t-test. A value of P < 0.05 was considered
statistically significant.

Antioxidant activity. Detection of free
radical scavenging activity of the samples was
measured with 2.2-diphenyl-1-picrylhydrazyl
(DPPH) [14]. A sample of 0.1 ml was
mixed with 1.9 ml of DPPH solution in
methanol (0.06 mmol 1"!). The absorbance
of the reaction mixture was detected with a
spectrophotometer Beckman Coulter DU 530.
Following incubation in dark for 30 min, the
absorbance of each solution was measured
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at 515 nm (A). The antioxidant activity was
expressed as percentage (% ) of the scavenging
activity. The percentage of DPPH radical
scavenging activity was calculated by using the
following formula:

Ab: trol) — Ab: )t
s (control) s(sample) %100

. . 0
DPPHradical scavenging activity (%) Abs (control) ,

where Abs (control): Absorbance of DPPH
radical + methanol; Abs (sample): Absorbance
of DPPH radical + extract.

Determination of Total Tannins (TT).
The content of tannins was determined using
Folin-Ciocalteus method [15]. The absorbance
was measured as the absorbance at 750 nm
(A), with the use of water as the compensation
liquid. The percentage of tannins expressed
as pyrogallol was calculated based on the
following expression:

3.125x A

Tannins (%) = ——,
0.316xm

where m — mass of the sample to be examined,
in grams; A — absorbance.

The absorbance of the reaction mixture was
detected with a spectrophotometer Beckman
Coulter DU 530v.

Determination of Total Flavonoids (TF ).
The flavonoid content was determined by a
colorimetric assay as described by aluminium
chloride colorimetric method [15]. The
absorbance of the test solution was measured
at 425 nm with a spectrophotometer Beckman
Coulter DU 530.

Y= A><1.25’
m

where A — absorbance at 425 nm; m — mass of
the herbal drug to be examined in grams.

For the results of experiment, we used
statistical software Microsoft Office-Excel
(2013) with the calculation of averages, error,
and standard deviation.

Results and Discussion

The studies have shown that the highest
antimicrobial effect of the extracts was
registered against Staphylococcus genus,
Enterococcus faecalis bacteria and Candida
genus microscopic fungi. It was established
that the extracts possessed a distinguished
antibacterial effect upon MRSA S. aureus.
Their effect upon E. coli was significantly
lower. No antibacterial effect of the extracts
upon Streptococcus pyogenes has been
ascertained. The antimicrobial activity of
methyl and ethyl extracts would not differ
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statistically significantly against bacterial
isolates, though ethyl extracts showed a more
distinguished antimycotic activity.

The study of the biochemical and
antioxidant properties of the extracts has
shown a high antioxidant level of tormentil
rhizome ethyl and methyl extracts (Table 2).

The results of the present study suggested
that the ethanol extract from P. erecta rhizome
is characterized by high concentrations of
tannins and flavonoids (Table 2). The study of
the antibiofilm-forming ability of the extracts
showed a high antibiofilm-forming effect
of ethyl extracts from Potentilla erecta L.
(Fig. 1). Thus, 0.1% ethyl extracts reduced the
biofilm-forming activity of S. aureus CCM 4223
by 91.72% as compared with the control (ethyl
alcohol). The reduction of extract concentration
insignificantly affected the antibiofilm-forming
properties of the extract. Say, 0.05% extract
caused reduction of the antibiofilm-forming
properties of staphylococci by 86.2%, and
0.01% extract — by 83.4%.

The study of antibiofilm-forming properties
of methyl extract from Potentilla erecta L.
rhizome showed that the use of 0.1% extract
caused a 71.3% biofilm destruction; the use of
0.05% extract resulted in a 66.6% reduction
of biofilm formation; the application of 0.01%
extract led to a 50% reduction (Fig. 2).

Thereby, high antibiofilm-forming activity of
ethyl and methyl extracts was recorded, however
the antibiofilm-forming activity of ethyl extract
was more expressive and did not reduce significantly
with the reduction of extract concentrations.

The antimicrobial properties of tormentil
have been shown in the works by other
scholars. Say, tormentil rhizome extract was
shown to have an effect against Gram-positive
microorganisms that provoke food infections.
The extract was shown to display an inhibiting
effect against Gram-positive bacteria such
as Staphylococcus aureus ATCC 25923 and
Bacillus subtilis ATCC 6633, as well as against
yeast such as Candida lipolitica KKP 322 and
Hansenula anomala R 26. The extract did

Table 1. Antimicrobial activities of the Potentilla erecta rhizome extract against typical
and clinic opportunistic infectious agents, mm (n = 3, x = SD)

Test culture Ethyl extract Methyl extract

S. aureus ATCC 25923 17.67+0.58* 18.17+0.29*
S. aureus CCM 4223 (biofilm formation) 16.5+0.50%* 17.67+=0.58*
S. aureus MRSA (clinic), isolate from mouth cavity 16.0+0.50%* 17.50=0.50%*
Streptococcus pyogenes ATCC 19615 7.33+0.58% 7.50+=0.80%*
Streptococcus pyogenes (isolate from mouth cavity) - -

Escherichia coli ATCC 25922 11.17+0.29* 11.33+0.58*
Escherichia coli (isolate from mouth cavity) 8.17+0.29%* 8.67+0.58*
Enterococcus faecalis ATCC 29212 15.67+0.58%* 15.00+0.50%*
Enterococcus faecalis (isolate from mouth cavity) 14.67+0.33%* 14.67+0.33%
Candida albicans ATCC 885-653 20.33+0.58* 17.5+0.29*
Candida albicans (isolate from mouth cavity) 17.67+=0.58* 12.33+0.58*

An extraction solvent (ethanol or methanol) were used as the control:
control of ethanol — no inhibition; control of methanol — no inhibition;

* the data were statistically significant as compared with the control (P < 0.05).

Table 2. Level of tannins, flavonoids and antioxidant activity in ethyl
and methyl extracts of Potentilla erecta L. rhizome

Ethyl extract Methyl extract
Absorbance % Absorbance %
(nm) (nm)
tannins
0.81% | 8.04% | 0.78% | 7.74%
flavonoids
0,112% | 0.114% | 0.11% | 0.14%
antioxidant activity
0.06% | 88.44% | 0.05% | 91.08%
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Fig. 1. Antibiofilm activity of different concentrations of ethyl extract Potentilla erecta L. rhizome
on biofilm-forming S. aureus
* the data were statistically significant as compared with the control (P < 0.05)
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Fig. 2. Antibiofilm activity of different concentrations of methyl extract Potentilla erecta L. rhizome
on biofilm-forming S. aureus
*the data were statistically significant as compared with the control (P < 0.05)

inhibit the growth of Gram-negative bacteria
[16]. Another work showed tha antibacterial
and antimycotic activity of aqueous extracts.

Most of the biological effects of Potentil-
la species can be explained by the high amount
of condensed and hydrolysable tannins present
in the aerial and the underground parts, e.g.
the antiviral and antimicrobial activities,
immunomodulating effects, hepatoprotective
and anti-inflammatory effects. Tannins have been
known to be important constituents of Potentilla
species and their extracts, respectively, and
the cause for the astringent effects. Therefore
thorough phytochemical studies on Potentilla
species starting especially in the 1960s were
primarily focussed on tannins [19].
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Thus, our studies have demonstrated the
antimicrobial activity of ethyl and methyl
extracts of Potentilla erecta L. rhizome against
Staphylococcus genus bacteria and Candida genus
microscopic fungi. These trends were shown both on
typical and clinical strains, the latter being isolated
from the mouth cavities of patients suffering from
chronic mouth cavity diseases and characterized
by a high resistance to antibiotics. Ethyl extract
of Potentilla erecta L. was shown to display a
high antibiofilm-forming activity. A significant
antioxidant activity of the reviewed extracts was
also demonstrated. The obtained results indicated
to good prospects for further research in order
to create tormentil-based preparations as mouth
cavity care and hygienic products, as far as they —
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as contrasted with chemical preparations — may
be used for a long period of time as part of mouth
cavity care and preventive products; they as a rule
have no side effects but possess an anastaltic effect
and antioxidant properties. Potentilla erecta L. is
a specially valuable plant product, for it has long
since been used in folk pharmaceutics and medicine
of concrete localities.
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Meroio po6oTH; OYJIO JOCTIAUTY aHTUMIKPOO-
Hi, aHTHOiOMIiBKOYTBOPIOBAIbHI, AaHTUOKCUTAHT-
Hi Ta geaki 6ioximiuni BiacTMBOCTI cIMPTOBUX
eKCTpaKTiB kopeHeBuiia Potentilla erecta L. 3ria-
HO 3 METOIO AOCJiIKeHb BU3HAYAJIU aHTUOKCHU-
mauntHy aktuBHicTh (DPPH meTomom), saranbui
TaHiHu Ta PIaBOHOIAM (CIEKTPOMETPUYHO), AHTU-
MiKpOOHY aKTUBHiCTh (qucKoagudysiiiHuM MeTO-
nom). Knimiuwi isonaTu Buminaam 3 BUKOPUCTaH-
HAM IJU(epeHI[iliHO JiarHOCTUUYHUX CepegOBUIII.
AuTHO6ioNIiBKOYyTBOPIOBAJIBHY 3JATHICTH BU3HA-
Yajam y cTaHJapTHUX 96-TYHKOBUX IJIAHIIETAX.

IToxasaHoO BMCOKY AaHTHOKCUIAHTHY aKTUB-
HiCTh €THJIOBOTO Ta METUJIOBOTO eKCTPaKTiB KO-
penesua Potentilla erecta L. BcranoBieHO aH-
TUMiIKPOOHY aKTHBHICTH €KCTPAKTiB CTOCOBHO
b6axTepitt poxy Staphylococcus i MiKpoCKOIIiUHUX
rpubiB poxay Candida Ta BUCOKY 3JaTHIiCTH eTHU-
JIOBOTO €KCTPAKTY [0 AeCTPYKIlii 6aKTepianbHOI
GiommiBK M.

OTmixe, DOCHIM)KEeHHA MOKA3aJau aHTUMIiKPOO-
HY, aHTHOKCHUJAHTHY Ta aHTHOiOILIiBKOYTBOPIO-
BaJIbHY aKTUBHICTH €TUJIOBOTO €KCTPAKTYy KaJira-
HY IIOJ0 i30JATiB POTOBOI OPOKHUHM JIIONEH i3
3amaJbHUMI 3aXBOPIOBAHHAMMU IIapOJOHTa, IO
3YMOBJIIOE TIEPCIIEKTUBHICTH BUKOPUCTAHHS ITHOTO
eKCTPAaKTy AK aKTUBHOI OCHOBU IpemapariB Aasa
ririeHu poTOBOI IOPOKHUHU.

Knwuoei cnoséa: aHTUMIKpOOHUIT edeKT, yTBO-
peHHA aHTUOIOMJIiBKM, POCJIMHHI eKCTPaKTH,
QHTUOKCHUJIAHTHA AaKTUBHiCThH, QJaaBoHOINH,
IyOUIbHI PEUOBUHMU.
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AHTAMHKPOBHEIE,
AHTHUBHOILJIEHKOOBPA3YIOIIIUE
1 HEKOTOPBIE BUIOXUMHUYECKHUE

CBOMICTBA S9KCTPAKTA KOPHEBHIIIA
Potentilla erecta

M. Kpusyosa®, 4. Kowosa?,
Apmumosa A2, Cnueax H. 4.3

1Y>Rroponcmxn71 HaIlMOHAJIbHBIN YHUBEPCUTET,
OuoJsiormuecKuit PaKkyabTeT, Kadenpa reHeTUKHU,
husnoIOTUYM PACTEHUH U MUKPOOMOJIOTUH,
VYrpanna
2YHuBepcuTET BETEPUHAPHO MeAUIIMHEL
u papmanuu, Komuie, CiroBakus
MHCTUTYT MUKPOOMOJIOTUY U BUPYCOJIOTUN
uMm. I1. K. 3a6osmoraoro HAH Vkpaunsl, Kues

E-mail: maryna.krivcova@gmail.com

Ilenvio paboThl OBLIO MCCIENOBATH AHTUMU-
KpoOHbIe, aHTHONOIIIEHKOOOpa3ymIiue, aHTH-
OKCHUJAHTHBIE Y HEKOTOpble OMOXUMUUYECKUe
CBOIICTBA CIUPTOBBIX AKCTPAKTOB KOPHEBUIIA
Potentilla erecta L. CorsacHo meau ucciemoBa-
HUA ONIPENeIAIN aHTUOKCUTAHTHYI0 aKTUBHOCTD
(DPPH wmeromom), o0mive TaHHUHBL U (DJIaBOHO-
uabl (CIeKTPOMETPUUYECKHN), AaHTUMUKPOOHYIO
aKTUBHOCTD (AUCKOAU(MPY3UOHHBIM METOJOM).
KauanuuecKue mM30JATHI OBIJIU BBIJEJIEHBI C HC-
MoJIb30BaHNEM AUMDEPEeHIINATbHO TUATHOCTUYE-
CKUX cpell. AHTHOMOIIEHKO00Pa3yIOITyI0 CII0Cc0o0-
HOCTB OIIPEAEJISAIN B CTAHAAPTHBIX 96-TyHOUHBIX
ILIaHIITeTax.

Ilokasama BBICOKAs aHTUOKCHUIAHTHAS aK-
TUBHOCTH STUJIOBOTO M METHUJIOBOTO 3KCTPAKTOB
KopueBuia Potentilla erecta L. YcranoBiaeHa
AQHTUMHUKDPOOHAA aKTUBHOCTH KCTPAKTOB OTHO-
curesbHO OaxkTepuil poxa Staphylococcus u mu-
Kpockonuueckux rpubos poaa Candida BuIcoKas
CIIOCOOHOCTH 9TUJIOBOTO AKCTPAKTA K JeCTPYKIIUU
6axTepUaIbHOI OMOIIJICHKH.

Urak, ncciaenqoBaHus MOKa3aau aHTUMUKPOO-
HYI0, aHTUOKCUJAHTHYIO U aHTUOMOIJIEHK000pa-
3YIOIIYI0 AaKTUBHOCTD dTUJIOBOTO 9KCTPAKTA KaJl-
rafHa B OTHOIIEHUU HB0JIATOB POTOBOM IOJIOCTHU
Jofiel ¢ BOCIIAJUTEIbHLIMU 3a00J1€BaHUAMHY IIa-
POZIOHTA, YTO OOYCJOBJIMUBAET IIEePCIEKTUBHOCTD
WCHOJIb30BAHUA JAHHOTO 9KCTPAaKTa B KauecTBe
AKTHBHOI OCHOBHI IIPENAPATOB IJIs TUTHEHBI I10-
JIOCTH PTAa.

Knrwouesvle cnosa: anTuMUKpPOOHBIN a9 DEKT,
o0pas3oBaHue aHTUOUONJIEHKMN, PACTUTEJbHbIE
SKCTPaKThI, aHTHOKCUJAHTHAA aKTUBHOCTD, (hja-
BOHOUJBI, NyOMJIbLHEIE BEIIIeCTBA.
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The aim of this work was to establish the possibility of Lemna minor usage to improve the efficiency
of wastewater treatment from nitrogen and phosphorus compounds.

Due to their pollution resistanse, Lemna minor is often used for wastewater remediation. It is
capable of absorption and transformation of various compounds, promotes the deposition of suspended
matter, saturates water with oxygen, intensifies the purification processes. Due to the rapid growth
rate, duckweed absorbs a large amount of pollutants, thereby purifying water from them. However,
there is insufficient data and information on the efficiency of nitrogen and phosphorous compounds
extraction by Lemna minor wastewater. That is why the research direction was to determine the
efficiency of wastewater treatment from biogenic nitrogen and phosphorus compounds by higher
aquatic plants of Lemna minor.

The necessary conditions for cultivation of higher aquatic plants of Lemna minor in autumn and
winter were established. The efficiency of using duckweed of different mass for purification of waste
water from biogenic compounds of nitrogen and phosphorus was investigated. The usage of duckweed
together with other higher aquatic plants to investigate wastewater from biogenic nitrogen and
phosphorus compounds was investigated.

It was established that the efficiency of sewage treatment in the autumn-winter period should adjust
the mode of illumination and temperature regime.

Key words: wastewater, biological treatment, phosphates, nitrates, Lemna minor.

Biogenic compounds can enter the surface
waters both naturally (leaching from the
topsoil, atmospheric precipitation, various
processes in the reservoir itself), and as a
result of human activity through wastewater
discharge from industrial, household,
agricultural and livestock complexes
[1-5]. Exceedance of maximum permissible
concentrations of biogenic compounds in
wastewater lead to surface water’s flowering
and eutrophication, increase of the content
of biogenic and organic compounds, oxygen
decrease, appearance of anaerobic zones
in the bottom layers, increase of water
turbidity, color change, contamination with
microorganisms, including pathogens [6,
7]. With the accumulation of excess organic
matter in the bottom sludge, the processes of

formation of methane, hydrogen, hydrogen
sulfide, ammonia take place. This leads
to formation of gas bubbles, which, when
dissolved in the water, have a toxic and
damaging effect on the flora and fauna, which
significantly damages indicators of drinking
water when using the reservoir as a source of
water supply [8, 9]. Therefore, the problems
of the effective of nitrogen and phosphorus
compounds removal from wastewater before
their discharge into natural reservoirs and
the improvement of existing biological
wastewater treatment technologies are
important [10].

The aim of the work was to study promising
methods of wastewater biological treatment
from biogenic compounds using higher aquatic
plants Lemna minor to improve the efficiency
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of wastewater treatment with nitrogen
and phosphorus compounds, reduce the
construction and operation costs of wastewater
treatment plants, ensure the quality of treated
water in accordance with existing discharge
standards in natural ponds.

The objective was to determine the
optimal conditions and to establish the
efficiency of wastewater treatment from
biogenic compounds of nitrogen and
phosphorus by higher aquatic plants Lemna
minor. That is why the experimental part
was based the experiments using this type of
plant. Today biological ponds are considered
as an economic and promising method of
biological treatment and purification of
household, some non-toxic industrial sewage
and atmospheric waters [11-12]. Also,
biological ponds do not require the use of
chemical reagents, and are characterized by
ease of maintenance [11, 13, 14].

The principle of wastewater treatment in
biological ponds is the same as the natural
self-purification processes that can be
observed in aquatic and near-water natural
ecosystems. Higher aquatic have the abilities
to absorb biogenic and organic compounds,
accumulate heavy metals and biodegradable
organic substances. Higher aquatic plants are
capable of absorbing nitrogen, phosphorus,
potassium, calcium, magnesium, manganese,
sulfur, cadmium, copper, lead, zinc, phenols,
petroleum products, synthetic surface active
substances, etc. [15].

Higher aquatic plants are also noted
for their properties of oxidizing (due to
oxygen income to the reservoir during
photosynthesis) and detoxification (due to the
ability of plants to transform toxic substances
into non-toxic ones). Biological ponds are
often used to reduce the values of BOD and
COD and further precipitate suspended
matter due to the filtration capacity of higher
aquatic plants [16].

Lemna minor is a species of free-floating
higher aquatic plants belonging to one of
the smallest flowering plants in the world.
The duckweed biomass buildup increases
with stagnant water and high concentrations
of biogenic compounds of nitrogen and
phosphorus [17—-19]. Duckweed is widespread
in slow-moving freshwater reservoirs: ponds,
swamps, lakes, streams. Due to rapid growth
rate, duckweed absorbs a large amount of
contaminants, thereby purifying water from
them [20]. Phosphate and nitrate are removed
in biosorption process by root and leaf cells
followed by assimilation [3].
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Materials and Methods

A model solution with the KNO; salt was
prepared to determine the efficiency of nitrate
extraction with Lemna minor. The 0.2 g sample
of KNO; salt was measured on laboratory
scales. Then sample was dried in a drying oven
at 110 °C. After drying, salt was moved to a
desiccator for cooling. The 0.08 g sample of
dried KNO; salt was measured on laboratory
scales. Then, weighting was transferred to
a 1000 ml volumetric flask and filled with
distilled water to the mark. The opening
of the measuring flask was covered and its
content was mixed thoroughly. The solution
thus prepared contained a concentration of
nitrates — 50 mg/dm?.

The 0.2 g sample of KH,PO, salt was
measured on laboratory scales. Then sample
was dried in a drying oven at 110 °C. After
drying, salt was moved to a desiccator for
cooling. The 0.02 g sample of dried KH,PO,
salt was measured on laboratory scales. Then,
weighting was transferred to a 1000 ml
volumetric flask and filled with distilled water
to the mark. The opening of the measuring
flask was covered and its content was mixed
thoroughly. The solution thus prepared
contained a concentration of phosphates —
10 mg/dm3. The model solution with a
concentration of nitrates of 50 mg/dm? and
phosphates of 10 mg/dm? was prepared to
simulate household wastewater.

Experimental installations in the form of
model biological ponds with size of 12x9x2 cm,
216 ml volume, made of plastic were used
for the research. In total, 32 models of such
installations were used in experimental
studies. For the experiment, the model
biological ponds was filled with a suitable
model solution, biological plant material and
left for the required period of time on the
windowsill with direct sunlight.

All experiments were divided into two
series: the first, the study of the biological
treatment effectiveness with higher aqueous
plants in a model solution from nitrates; the
second, the study of the biological treatment
effectiveness in a model solution from
phosphates.

In the first experiment series, the
determination of the purification efficiency
of the model solution containing NOs-
concentration of 50 mg/dm3 was carried
out. In all installations, the volume of the
model solution was 100 ml. All experiments
were performed under the same conditions.
The duration of the experiment was 7 days
(144 hours). 8 model installations were used.
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Higher aquatic plants of Lemna minor were the
biological agent. Two types of duckweed sample
weightings were used: m; =11 gand my, =22 g.
Sample weightings were used to determine
the effect of the duckweed biomass amount
on the process of phosphorus and nitrogen
removal. The experimental ponds were filled
with model solution and the biological agent
was distributed as follows: installations 1, 2,
3, 4 were loaded with higher aquatic plants
Lemna minor 11 g each, and installations
5,6, 7, 8 — 22 g each. The samples were
analyzed on the second, fifth, and seventh
days of the experiment. On the first day
of the experiment, an analysis of the NOs-
ions concentration was performed for water
samples from installations 1 and 5; on the
third day — from installations 2 and 6; on the
fifth day — from installations 3 and 7; on the
seventh day — from installations 4, 8. The ion
meter 1160 MI and the electrode measuring to
it ELIS -121 NO;~ were used to determine the
concentration of NO;™ ions in the solutions.

The experimental data were processed
using a Microsoft Excel software. Data were
considered significant at P < 0.05.

After biological treatment, the concentra-
tions of nitrates and phosphates in treated
water should be 10 mg/dm?® and 2 mg/dm?,
respectively, before being discharged into
natural waterbody [4, 20].

Results and Discussion

The change in the concentration of NO3~
ions in the model solution depending on
the duration of the treatment is presented
at Fig. 1. The efficiency of the treatment

C(NOy)
me dm*

50 f—-4_

40 ' “‘~§\‘_"\ i % i

10 —e—m] —e—m2

Treatment duration. days

was determined based on on the obtained
concentrations (Fig. 2).

Therefore, from the obtained results,
it could be argued that the purification of
contaminated water from nitrogen compounds
occured differently, depending on the mass of
duckweed involved.

Decrease of nitrate concentration in the
model solutions was better in Experiment
2, where a larger sample of Lemna minor
duckweed was used. This is evidenced by the
calculated efficiency of purification, where
the purification effect in the experiment
with a biomass density of 0.1 g/cm? (m;) was
83.1% against 91.8% in the experiment with
a biomass density of 0.2 g/cm? (m,).

Fig. 3 shows the change in the
concentration of phosphates depending on the
duration of the purification process.

The efficiency of the model solution
treatment from phosphates depending on the
duration was determined from the obtained
results (Fig. 4.).

The decrease in phosphate concentration
in model solutions was better in Experiment
4, where a larger sample of Lemna minor
duckweed was used. This is evidenced by the
calculated efficiency of purification, where
the treatment effect in the experiment with
a biomass density of 0.1 g/cm? (m;) was 72%
against 80% in the experiment with a biomass
density of 0.2 g/cm? (m,).

As a result of the experiments performed
and the calculations made, we could conclude
the treatment efficiency of biogenic compounds
of nitrogen and phosphorus in model
solutions at a concentration of 50 mg/dm3
and 10 mg/dm?, respectively.

o

Fig. 1. The change in the concentration of nitrates in the model solution from the duration of the process
and the mass of duckweed in the installation: m; —11 g; m, — 22 g
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Treatment duration. days
Fig. 2. The change in the nitrate treatment effect in the model solution from the duration of the process and

the mass of duckweed in the installation: m; — 11 g; my — 22 g
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Fig. 3. The change in the concentration of phosphates in the model solution from the duration of the process
and the mass of duckweed in the installation: m; — 11 g; my — 22 g
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Fig. 4. The change in the phosphate treatment effect in the model solution from the duration of the process
and the mass of duckweed in the installation: m; — 11 g; m, — 22 g
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It has been found that with the increase of
Lemna minor biomass, the treatment efficiency
of nitrogen and phosphorus compounds in
model solutions does not decrease, but rather
increases. Even with the high density of the
plants, there is enough light for photosynthesis
and no death of duckweed is observed in the
lower layer. The duckweed planted in a single
layer shows good results, and the water in
the model solutions treated by this method
can be diverted to the nitrate content of the
reservoir and require a slight purification
of the phosphate content. The efficiency of
such purification by nitrogen is 83% and
phosphorus — 72%, and the concentrations
of NO;™ and PO,? ions after purification are
8.45 mg/dm?® and 2.8 mg/dm?, respectively.
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BHUKOPHUCTAHHS Lemna minpr
AJIAA OYUIIIEHHA SABPYJTHEHOI BO/I
BIJl BFIOTEHHUX EJIEMEHTIB

JI.A. Cabaiil
M. C. Kopenuyk
M. IO. Kosap

HarmionanpHuil TexHiuHN yHiBepcuTeT YKpainu
«KuiBchbKUi OMiTeXHIYHUI IHCTUTYT
imeni Iropsa CikopcbKoro»

E-mail: larisasabliy@ukr.net

MeToro po6oTu 6yJI0 BCTAHOBUTHU MOKJIUBICTH
BUKOpUCTaHHA Lemna minor A MigBUIEHHS
e()eKTUBHOCTI OUUIIEHHA CTIYHUX BOJ| BiJl CIIOJIYK
asoTy Ta (ocdopy.

Packy Lemna minor 3aBgaKu ii cTifikocTi ua-
CTO BUKOPUCTOBYIOTH JJIsI peMeaialii cTiuuamux Bo.
Bomna 31aTHa 10 3acBoeHHA Ta TpaHcdopMmairii pis-
HUX CIIOJYK, CIPUAE 0CAMKEeHHIO 3aBUCINX PEUO-
BUH, HACUUY€E BOJy KMCHEM, iHTeHCU(iKye IIpoIre-
cHu OUHINeHHA. Yepes IMIBUAKI TeMIU POCTY PACKA
TMOTJINHAE BeJUKY KiMbKicTh 3a6pyIHIOBAIBHUX
PevYoBUH, OUHNINYIOUHN Big HUX BoAy. OmHaK HeMae
ITOCTaTHBOI KiJIbKOCTI JaHUX Ta iHmopmaiiii cro-
COBHO e(h)eKTUBHOCTI BUJIYyUEeHHA PACKOI Lemna
minor croJiyK asory Ta docdopy 3i cTiuHUX BOI.
3 oryiAmy Ha I11e B po0O0Ti O0yJI0 BU3HAUEHO HATIPAM
IOCHiMKeHb MO0 BCTAHOBJEHHSA e(EeKTUBHOC-
Ti OUUIIIEHHS CTiYHMX BOJ BiJ OiOT€HHUX CHOJYK
aszoTy Ta pochopy BUINIUMU BOAHUMU POCIUHAMU
Lemna minor.

BceraHoByieHO HEOOXiTHI YMOBU KyJIbTUBYBaH-
HA BUIIUX BOAHUX POCAUH Lemna minor B OCiH-
HBO-3MOBUH IIePiof; JOCaimKeHo e()eKTUBHICTD
BUKOPUCTAHHSA PACKY Pi3HOI MacH AJIA OUUIIEeHHA
CTiUHMX BOJ Bij OiOreHHUX CIIOJIYK a30Ty Ta (oc-
¢opy, 3acTocyBaHHA PSACKU Pa3oM 3 iHIITUMU BU-
UMY BOOHUMHU POCJIUHAMU AJIS OUUIIEHH CTiu-
HUX BOJ Biff 6i0TeHHUX CIIOJYK a30Ty Ta ocdopy.

3’sacoBaHo, 110 A e(DEKTUBHOCTI OUHNIIeHHS
CTiUHMX BOJ B OCiHHBO-3MMOBUII II€Pioa HeOOXigHO
peryjamBaTH peKUM OCBITJIEHOCTI i TemIiepartyp-
HUU PEIKUM.

Knarmuwosi cnoea: criuui Bomu, 6GioJioriude oun-
mieHHsd, pocparu, HiTpatu, Lemna minor.
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JJIA OYUIMEHNUA SATPASHEHHOU
BOJIbI OT BUOTEHHBIX 9JIEMEHTOB
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M. IO. Kosap

HarmmoHaIbHBIN TEXHUYECKUIT YHUBEPCUTET Y KPAHbBI
«KueBcKuil moOMUTEeXHUYECKUH UHCTUTYT
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ITenbio paboThl OBIJIO YCTAHOBUTH BO3MOIK-
HOCTh UCIIOJIB30BaHUA Lemna minor N IOBBI-
mieHus 3(hpHEeKTUBHOCTUA OUYUCTKU CTOUHBIX BOJ OT
coeqmHeHUU azora u ochopa.

Psacky Lemna minor 6arogaps ee yCTOMYUBO-
CTU YaCTO UCHIOJB3YIOT AJIA PeMeIUuaIii CTOUHBIX
Box. OHa crioco0HA K YCBOEHUIO U TpaHcopMaIiuu
PaBIMYHBIX COeAMHEHNUI, CIIOCOOCTBYET OCaMKIEHUIO
B3BeIIeHHBIX BeIeCTB, HACHIIIIaeT BOAY KIUCJIOPO-
JIOM, THTEHCU(DUIIIPYET IIPOIIECCHI OUMCTKH. 3a CUET
OBICTPHIX TEMIIOB POCTA PSACKA IIOTJIOIAET OOIBIIIOe
KOJINYECTBO 3arpsA3HAIONINX BEIleCTB, TEM CaMbIM
ouuIras or Hux Bogy. OMHAKO HET JOCTATOYHOI'O KO-
JIMYEeCTBa JAHHBIX U uHGopMauu o6 ahHeKTUBHO-
CTU U3BJIEUEHUA PACKOA Lemna minor coeqUHEHU
azora u (hocopa u3 CTOUYHBIX BOA. IMEHHO IT03TOMY
B paboTe OBLIO OIIpee/IeHO HallpaBJIeHNe UCCIIeo-
BaHUH IO YCTAHOBJIEHNIO 5()(EKTUBHOCTA OUNCTKHI
CTOUHBIX BOJ OT OMOTeHHBIX COEJUHEHWUH as30oTa U
dochopa BogHBEIMU pacTeHUAMEU Lemna minor.

YcraHOBIIEHBI HEOOXOOUMbIE YCIOBUSA KYJIb-
TUBUPOBAHUSA BBICHINX BOLHBIX pacTeHuit Lemna
minor B OCeHHe-3UMHUI IIepuo/; HccjIefoBaHa
9 (PeKTUBHOCTL IPUMEHEHNA PSICKU Pa3JINUYHOI
MAacChI IJIS OYMCTKY CTOYHBIX BOJ OT OMOTEeHHBIX
coenmHeHUM a3oTa u hochopa, NCIOJIHL30BAHNIE PA-
CKU BMECTE C APYTUMU BBICIIINMY BOJHBIMU pacTe-
HUSAMU IJIA OUUCTKY CTOYHBIX BOJ OT OMOTEHHBIX
coemuHEHUH azoTa u pocdopa.

YcranoBiaeHo, UTO A9 9PPEKTUBHOCTU OUMCT-
KU CTOYHBIX BOJ| B OCEHHE-3UMHUI IIepuos Heoo-
XOAWMO PeryJupoBaTh PEXKUM OCBEIIeHHOCTU U
TeMIIEPaTyPHBINA PEKUM.

Knwouesvle cnosa: crouHblie BOOBI, OMOJOTHUE-
cKad OunCTKa, (pocdhaTsl, HUTPaATHI, Lemna minor.
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A mathematical model that simplifies the determination of optimal parameters ensuring the maxi-
mum viability of frozen-thawed fruit and berry cuttings was developed. Values of the minimum amount
of intracellular water n1min, which minimizes the plasmolysis probability, and n2min, which minimizes
the probability of intracellular ice formation, were determined with due account for the bioobject hetero-
geneity.

Free water amounts An, forming ice crystals inside the cell during cryopreservation of different of
fruit and berry varieties, were calculated. The optimal conditions for cutting dehydration (temperature
Ti and incubation time t2, minimum amount of intracellular water nmin) ensuring the maximum viabil-
ity after drying and low-temperature adaptation to cryopreservation were selected. The individual fea-
tures of the viability of frozen-thawed cuttings of different species were quantitatively reflected in the
free water index An. The maximum viability of frozen-thawed birch and blackcurrant cuttings was
achieved, when intracellular water was in the bound, vitrified state An = 0. The calculated An > 0 for cut-
tings of different varieties of apple- and pear-trees as well as of raspberry-bushes leads to a decrease in
the viability, and it is impossible to obtain viable plum, apricot or grape specimens after low-temperature

cryopreservation with no bound water nc at all.

Key words: mathematical model, cryopreservation, fruit and berry cuttings, viability.

In the gardening practice, it is conventional
to use vegetative propagation methods,
since segregation of multiple traits in the
offspring occurs upon propagation by seeds
[1, 2]. Therefore, in order to preserve valuable
economic and biological features, propagation
by cuttings is common. Ex situ preservation,
in banks of plant genetic resources, is the most
reliable way of long-term storage of plant
samples [1, 3—7]. Creation of cryobanks makes
it possible to preserve the natural diversity of
plants, where genetically modified organisms
are actively used.

Cryopreservation of apical meristems of
shoots is the best way to preserve their gene
pool for vegetatively propagating plants [8—
10]. This method requires specific conditions
of in vitro culturing of meristem cells, that is,
sterile conditions, nutrient media, controlled

temperature, lighting and humidity [11].
Therefore, there are difficulties while creating
such cryobanks. There are only reports on
regeneration of plants of about 16 species from
meristems that had been in liquid nitrogen [1,
10, 12-14].

Cryopreservation difficulties for plant
cells are associated with their relatively large
volumes. Ninety percent of this volume is
occupied by the central vacuole containing free
water, which is not bound in hydration shells
of macromolecules, and can freeze to form
ice crystals. These crystals damage biological
membranes causing the death of plant cells
and organs [15]. Free water must be removed
by preliminary partial dehydration of cells
and reduction in freezing rates [12, 15—1T7].
Removing an excessively large portion of free
water results in the protoplast compression,
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which leads to irreversible changes and
plasmolysis.

To ensure the integrity of cooled and
frozen-thawed cells, many researchers use
drying of fruit and berry specimens from
50-56% to 20—-30% [1, 4, 18, 19]. It was noted
that different frozen-thawed varieties and
species of crops had various viability ranging
from 0 to 100% [1, 4, 8, 9, 18—22]. At the same
time, there are no data on the effect of water
content in fruit and berry cuttings of different
species on the probability of their germination;
hence, it is necessary to study the effects of
different factors on dehydration of cells of
miscellaneous varieties of fruit and berry
crops. We believe that this is one of the reasons
for low reproducibility of cryopreservation
results on fruit and berry cuttings of different
varieties.

Our objective was to develop a
mathematical model for optimizing the
cryopreservation parameters for different
fruit and berry varieties.

Materials and Methods

Plant cuttings were cryopreserved in the
Laboratory of Preservation of the NCPGRU
of the Plant Production Institute named after
V. Ya. Yuriev of NAAS (Kharkiv) [18, 23, 24].
Cuttings of the following species and varieties
were taken as the study object: blackcurrant
(Ribes nigrum L.) — Dachnitsa, Kytaivska,
Sofiivska, Yuvilei, Raduzhna, Titiniia,
Dar Pavlovoi, Katyusha, Nadiia, Sofiia,
Alta, Shedevr, Darunok Mliieva, Lentyay,
Uvertyura, Mif, Halynka, Lybid, Ben Tiran,
Biriulevska, Nimfa, Yuvilaina Kopania, Krasa
Lvova, Biloruska Solodka, Slavuta, Vira,
Chorna Krupnoplidna, Ametyst, Ozherelye;
redcurrant (Ribes rabrum) — Kytaivska, Joker,
Sviatkova; gooseberry (Ribes uva-crispa) —
Krasen, Malakhit, Kolobok; raspberry (Rubus
idaeus L.) — Novost Kuzmina, Skromnitsa,
Struyka; grape (Vitis labrusca L.) — Lydiya,
Rkatseteli, Aligote, Kober 5BB, Traminer
Rozovyy; cherry (Prunus cerasus L.) —
Stepnaya, Amulet, Pamiat Artemenka,
Optymistka, Nochka; duke (cherry-sweet
cherry hybrid) — Alpha; sweet cherry (Prunus
avium) — Chitinskaya Chornaya, Donchanka,
Lehenda Mliieva, Dar Mliieva; plum (Prunus
domestica L.), reine-claude group — Altana,
Pamiat Materi, Oposhnyanka; Hungarian
plum group — Voloshka, Oda; apricot (Prunus
armeniaca L.) — Moldavskyi Olimpiiets,
Krymskyi Medunets; apple (Malus domestica
L.) — Belyy Naliv, Amulet; Edera; Teremok;
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Radost; Katya; pear (Pyrus communis L.),
summer group — Velyka Litnia, Uliublena
Klapa, autumn group — Horodyshchenska,
Osinnia Vdala, winter group — Bere Kyivska,
Zelena Mliiska. Birch cuttings (Betula
pubescens) were as a control for the selected
cryopreservation methods.

Cuttings were cut from one-year shoots
and divided into 10 individual specimens, with
alength of 5—-12 cm and a diameter of 0.5-1.0
cm. Cuttings had 2—-5 vegetative buds. Before
the specimens were dried, their viability and
initial water content were determined.

The effects of low-temperature sublimation
of intracellular water and plasmolysis were
evaluated from the cutting viability. The
control viability of cuttings was determined
after each stage of drying and cooling. For this
purpose, cuttings were placed in an exsiccator
with distilled water at 5 °C for 14 days for
their hydration, and then cultured in vitro
(in glasses with water at 20—-25 °C). Swelling
and development of buds indicated that the
specimens under investigation were viable. The
percentage of viability was estimated as the
ratio of the number of cuttings with evolved
buds in vitro to the total number of buds in a
specimen.

The water content in native cuttings varied
within 50-20% at — 2 = 2 °C. The water
content was determined by weighing samples
and calculating by the following formulae:

n, :uxloo%’ (1)
m,
m
n, =—=xn,x100%, (1a),
m,
where: n; — water content of a sample (%):

i = 0 native sample; i = 1 after drying;
i = 2 after cryopreservation; i = 3 after
rehydration; m, — initial weight of a native
sample (g); m;, — final weight of a sample after
dehydration until constant weight (g); n, —
water content in a sample at a drying stage
(%); m, — sample weight at a drying stage (g).

To preserve the residual moisture, cuttings
were waxed or paraffinned at both ends prior
to cooling. Prior to freezing, they were exposed
at 4 °C for 10—15 days and at —5 °C for 2 weeks
to several months.

Fruit and berry cuttings were cooled on a
step-by-step basis at a rate of 0.01-0.1 °C/h
to —5+—30 °C with the increment of 5 °C and
exposed at these temperatures for 1, 3 or
7 days, respectively, in 2-liter household
thermoses placed in a refrigerator. Specimens
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were cooled from —20 and —30 °C to —196 °C by
direct immersion into liquid nitrogen at a rate
of 600—-800 °C/min. Specimens were stored
in liquid nitrogen for a period from 1 day to
1 year. They were thawed at the rate of 70 °C/
min by direct placing in a room at 20 °C [25].

The data were statistically processed on
a computer using conventional formulae in
the standard program “Stadia” to compose
regression equations.

Results and Discussion

The main criterion of the viability of a
frozen-thawed bio-object is its ability for
further development. Therefore, an in vitro
culture is the simplest and most reliable way
to quantify the viability of plant cuttings.
Determination of the cutting viability is
maximally reliable with the minimal usage
of a bioobject, if the polynomial regression
dependence (Fig. 1) is applied to experimental
data of cultured specimens in combination
with the dependence derived from Verhulst’s
formula

decrease in the cutting viability in culture
reflecting individual characteristics of a
bioobject’s resistance and determined by
simulation modeling (Fig. 1) or in the inverse
coordinate system, day ; t; — culturing time,
days.

Cuttings were dehydrated stepwise at
sub-zero temperatures of —5+—10 °C with
concurrent empirical determination of the
minimum moisture n,;,, at which a high
viability was observed according to the results
of culturing. The cutting viability after
removal of excess moisture was evaluated
using Moser’s formula

_ n (3)
V. (n)=n, +—"—0!,
1](77) 770 K +770!

n

where 1 — water content in a cutting, n, — the
empirically obtained correction coefficient,
a and K, — Moser’s constants that reflect
individual features of the bioobject viability,
when its water content changes (determined
by simulation modeling from experimental
values, Fig. 2).

The post-dehydration viability was

Ay
V()= %, (2) evaluated by the results of culturing
where: V,(t;) — change in the viability of native V) 0in) = V() XV, (i) (4)
cuttings related to the culturing time V,(¢,) = o
where n,;, — the minimum water content

= n/n,, a relative value expressed in relative
units; n — the number of viable cuttings at a
culturing stage ¢; > 0; ny — the total number
of cuttings at the start of culturing #; = 0;
V, — initial viability of cuttingsat ¢; =0, V< 1;
K — the maximum theoretical value of the
cutting viability K = 1; n; — specific rate of

in cuttings, which ensures their maximum
viability V, (Nyi) (Fig. 2).

To bind the residual free intracellular
water, temperature adaptation of cuttings was
carried out at T = —20+-30 °C. The cutting
viability in the temperature range close to the

1.05
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B gy [ =09898 \ \
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© 078 \ \\\
= 072 \ .
E 0o € Vk()
& 0.61 # Experiment \
' — Polynomial (Experiment)
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Time, days

Fig. 1. Changes in the viability of warty birch cuttings related to the in vitro culturing time
Specific rate of decrease in the cutting viability — p; = —0.78; water content — 1 = 38%
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Fig. 2. Changes in the viability of warty birch cuttings related to the in vitro culturing time after drying to a
specified water content 1,,;, = 30%
Moser’s constants K ;= 36770, a = 7.70, and the correction coefficients ny, = 24

temperature of intracellular ice formation was
determined experimentally and described by
Verhulst’s formula

V (nmin) X Ke#th
VT (tz) = 1

K- V,, (ﬂmin) + V;; (ﬂmin) x eNth ’

()

where: V;(t,) — change in the cutting viability
related to time at a specified temperature
Vi(ty) = n/ngy, a relative value expressed in
relative units; n — the number of viable
cuttings t, > 0; n, — the total number of
cuttings in a sample ¢, = 0; V,, (Nn;,) — post-
drying viability of cuttings at ¢, =0, K = 1;
ny — specific rate of decrease in the cutting
viability upon temperature adaptation reflecting
individual characteristics of a bioobject’s
resistance and determined by simulation
modeling (Fig. 3) or in the inverse coordinate
system, day'; t, — exposure time, days.

The optimal exposure time ¢, at a
temperature close to the intracellular
crystallization point T and mng,;, were
determined experimentally from the obtained
dependence ¢ (3) (Fig. 4).

The post-temperature adaptation viability
were evaluated by the results of culturing

Vet ty s in> T') = V,](tlsﬂzmn)XVT(tznTi)' (6)

The viability of frozen-thawed cuttings V,
was estimated by the experimental results as
the ratio of the number of viable cuttings n to
the total number of cuttings in a sample no:
V4= n/ny (Fig. 5). This value depends on the
initial viability Vi(t,,T") and the probability of
intracellular crystallization P,

V, =V, (t,T)x(1-P}) . ()
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The probability of intracellular
crystallization can be calculated as follows:
V.

-p la 8

nc nmm VT > ( )
where n, — the fraction of bound (vitrified)
water, and An = n,;, — N. — the fraction

of free water forming crystals at a temperature
below T".

The amount of bound water can be
calculated as follows:

i _ Tin =71
P = min C . 9
‘ nmin ( )
The post-dehydration and post-temperature
adaptation viability of frozen-thawed cuttings
was estimated by the results of culturing

V (6t Ton) = Vet t,,1,, T) XV, (17,) (10)

The results show that birch cuttings retain
their initial viability after different drying
regimes, step-wise cooling to —20+-30 °C,
provided they are cooled at the rate of 0.1 °C/h,
long-term storage at — 196 °C and subsequent
warming at the rate of 70 °C/min. At the same
time, we found (Fig. 2) that the water content
in specimens should not be below 32% upon
their drying. Below this critical value, the
viability of specimens decreases dramatically
as a result of excessive dehydration of cells
(plasmolysis effect). At —30+—-196 °C, this
value can be reduced to 14% . The calculations
show (Fig. 5) that all intracellular water is in
a bound state. This ensures a high viability of
frozen-thawed birch cuttings.

To determine the optimum parameters
ensuring the maximum viability of frozen-
thawed cuttings of different varieties of
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Fig. 3. Changes in the viability of warty birch cuttings related to the exposure time
at a temperature close to the temperature of intracellular crystal formation
The initial viability of cuttings at a specified temperature — V{(t,) = 0.99;
specific rate of decrease in the cutting viability upon temperature adaptation py = -0.11
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Fig. 4. Changes in the viability of warty birch cuttings related to the in vitro culturing time
after temperature adaptation to a specified water content n,;, = 15%
Exposure time at —20 °C t, = 30 days.
Moser’s constants K, = 36770, oo = 7.70, and the correction coefficient n, = 10
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Fig. 5. Dependence of the viability of frozen-thawed warty birch cuttings related to the in vitro culturing time

after temperature adaptation to a specified water content n,;, = 20%, t5 = 30 days

Table 1. The viability V and water content 1 of cuttings of different berry varieties evaluated
at the cryopreservation, stages

Cutting viability after cooling to

Species Variety -10°C -30°C ~196 °C
Experiment | Mqpn, % | Experiment | Mopin, % | Experiment | An,%

Dachnitsa 98.0+22 38 94.0 =42 30 92.0+5.82 1

Black- Yuvilei 80.0+7.1P 37 62.0+8.6P 31 54.0=13.6° | 4
currant Sofiivska 94.0+4 39 60.0+14.1P 30 6.0:2C 27
Kytaivska 86.0+4 38 12.0+3.7¢ 32 0.0x04d 32

Kytaivska 92+3.72 40 84.0+6.82 30 54.0=7.52 11

ed- | Joker 68.0+3.7P 42 6.0=2.4b 33 4.0%2.4b 11
Sviatkova 66.0-£4.0 38 0.0=0¢ 30 0.0=0 -
Krasen 84.0+8.1 35 70.0=7.1 25 30.0=7.1 14

%ggj;’, Malakhit 82.0+8.02 36 68.0+7.3 2 26 48.0+15.92 8
Kolobok 40.0 +3.2b 35 8.0=3.7b 25 0.0=0b 25

Novost Kuzmina |  96+2.4 37 82.0+8.0 21 70.0+7.12 3

E:fg Struyka 94+2 48 37 58.0+12.82 22 0.0=0b 22
Skromnitsa 68.0+3.7P 37 4.0+2.4P 20 0.0=0 20
Lidiya 94.0+2.4 40 84.0+2.42 28 0.00 28
Rkatseteli 94.0+4.0 41 22.0+5.8P 27 0.00 27
Grape Aligote 92.0+3.7 40 20.0+7.1P 26 0.0:0 26
Kober 5BB 90.0+3.2 42 18.0=3.7b 27 0.0:0 27

Traminer 86.0+4.2 40 0.0+0C 27 0.0%0 -

0ZOVYyY

Nimin — the minimum amount of intracellular water minimizing the probability of plasmolysis and
Namin — the minimum amount of intracellular water minimizing the probability of intracellular ice

formation, An — the amount of free intracellular water, %.
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fruit and berry crops (Tables 1, 2 and 3),
we carried out experiments in a similar
fashion to those on birch cuttings. In the
experiments, we investigated cuttings with
the initial viability of > 99% . To improve the
result reproducibility, we used the proposed
mathematical model ¢ (2—-10) for evaluation of
the viability at 3 stages of cryopreservation.
The technological parameters for
each variety of blackcurrant, redcurrant,
gooseberry, raspberry and grape were
optimized via step-by-step cooling to —10 °C
followed by temperature adaptation at —30 °C
and freezing at —-196 °C. The maximum
viability was achieved by exposure at —5 and

—10 °C for 14-60 days, stepwise cooling of
specimens at a rate of 0.1-0.5 °C/h from —-10
to —20 and —-30 °C, 3—7-day exposure, direct
immersion in liquid nitrogen, storage for 1 to
30 days, and warming at a rate of 70—100 °C/
min. The exposure length at —5 and —10 °C was
determined by monitoring the water content in
specimens set in accordance with the maximum
permissible value established for each plant
variety.

Analysis of the viability of frozen-
thawed cuttings of berry crops showed
that within one species the average values
for different varieties varied by up to
92% in blackcurrant, 54% in redcurrant,

Table 2. The viability V and water content 1 of cuttings of different drupaceous varieties evaluated
at the cryopreservation stages

Cutting viability after cooling to
Species Variety _10°C _30°C _196 °C
M=m,% N1mins % M=m,% n2min,% M=m,% AN, %
Stepnaya 96.0+2.4 34 78.0+8.6 33 64.0=12.9 6
Amulet 94.0=4.5 35 90.0=8.62 32 68.0+8.6 8
Optymistka 92.0+3.7 34 62.0+10.2P 33 48.0<10.7 7
Cherry .
Pamiat 06.0:2.4 35 04.0£2.42 34 34.0+2.42 22
Artemenka
Nochka 94.0+2.4 35 64.0+9.3b 35 8.0+3.7b 31
Alpha* 98.02.0 35 76.0+9.3 33 60.0=13.0 7
Donchanka 90.0+9.7 35 72.0+10.8% 35 54.010.8% 9
Sweet Lehenda 94.0+2.48 36 28.0+8.6" 31 0.0+0.0" 31
cherry
Cléiltmkaya 58.0+12.0P 37 12.0+3.7 30 0.0=0.0 30
ornaya
Oposhnyanka 92.0+3.7 40 28.0+8.6 28 0.0+0.0 28
llz/f‘miaf“ 90.0+3.2 41 22.0+8.6 20 0.00.0 20
ateri
Plum Voloshka 86.0=4.0 40 12.0+3.7 19 0.0%0.0 19
0da 78.0+7.3 42 10.0+3.2 18 0.0%0.0 18
Altana 80.0=7.1 40 8.0+3.7 18 0.0+0.0 18
Krymskyi 54.0+10.8 35 12.0+3.7 21 0.0+0.0 21
Medunets
Apricot
Moldavskyi
Olimpiiots 40.0=7.1 40 8.0+3.7 28 0.0+0.0 28

Footnote, see Table 1.

91




BIOTECHNOLOGIA ACTA, V.12, No 5, 2019

Table 3. The viability V and water content 1 of cuttings of different apple and pear varieties evaluated
at the cryopreservation stages

Cutting viability after cooling to
Species Variety ~10°C -30°C ~196°C
M=m, % N1mins 70 M=m, % N2min, /0 M=m, % AN, %

Radost 92.0+3.7 40 52.0+3.7 19 36.0+5.12 6

Teremok 90.0+3.22 42 48.0+3.7 22 22.0+8.0 12
Belyy Naliv 70.0::4.5P 41 52.0+3.72 19 8.03.7P 16

Apple Katya 46.0+7.5C 40 6.0+2.4P 21 0.0+0.0¢ 21
Sprint 40.0+7.1 42 0.0+0.0¢ 29 0.0+0.0 -

Amylet 38.0+7.3 43 0.0+0.0 28 0.0+0.0 -

Edera 26.0+8.4 40 0.0=0.0 23 0.0=0.0 -

Velyka Litnia 94.0+4.0 41 80.0+7.1 28 74.0+8.72 2
Uliublena Klapa 90.0=+3.2 40 82.0+5.8 28 28.0+7.3b 18

Osinnia Vdala 94.0+2.4 40 92.0+2.02 25 86.0+4.02 2
Fear Zelena Mliiska 88.0+3.7 40 72.0+8.6P 21 8.0=3.7¢ 19
Bere Kiyvska 86.0+4.02 43 4.0%2.4¢ 22 0.0+0.0d 22
Horodyshchenska 46.0=7.5P 40 6.0+2.4 28 0.0=+0.0 28

Footnote, see Table 1.

48% in gooseberry, and 70% in raspberry
(Table 1). That is, the species difference
of berry cuttings has approximately
twice as much impact on the viability of
frozen-thawed specimens as the variety one
does. This is attributed to heterogeneity of
the bioobject, namely, to the amount of free
intracellular water An.

A similar dependence was observed for
different varieties of drupaceous plants
(Table 2). There are many-fold differences
in the viability of frozen-thawed cuttings,
depending on the variety. The exposure
length at =10 and —30 °C was determined
by monitoring the water content in
specimens set in accordance with the
maximum permissible value for each
species of cuttings: 30—-37% for cherry and
sweet cherry and 35-45% for plum and
apricot.

The cause of discrepancies in the
viability is associated with intracellular
crystallyzation, which is confirmed by
numerical values of free intracellular water
An calculated for these specimens. Significant
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differences for different varieties are likely
to depend on sugar concentrations in the
intracellular environment.

Similarly, the water contents in
specimens were optimized in accordance with
the maximum permissible value of 40% and
19-28% at —10 and —30 °C, respectively,
obtained for apple and pear. The results
show (Table 3) that there are many-fold
differences in the viability of frozen-thawed
cuttings and that the viability depends on the
free intracellular water amount An estimated
for each variety.

Analysis of the cryopreservation
efficiency for different varieties of fruit and
berry crops shows that within one species the
average values vary for different varieties:
by up to 90% in blackcurrant, 24% in
redcurrant, 79% in cherry, 54% in apple, and
82% in pear. Such significant differences in
the values obtained for cuttings of different
species and varieties are accounted for
influence of individual characteristics of a
bioobject reflected in the amounts of free,
unbound water.
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Our review of the literature shows
that many factors influence the results of
the solution of cryobiological challenges.
Experimental studies of mechanisms of all
these phenomena are extremely difficult.
Meanwhile, the problems of analysis and
optimization of these processes must be
solved. For these purposes, experimentally
statistical methods are successfully applied
for building descriptive mathematical
models of objects and investigating
relationships between the response of a
system to changes in the parameters of
interest.

No feedback during research is also an
important obstacle to the use of existing
methods of multi-factor optimization,
which is manifested in the possibility
of constructing graphical presentations
depicting relationships between parameters
of interest, both in the course of experiments
and analysis of data. Thus, opportunities
to trace causality mechanisms, which are
a basis for constructing analytical models,
are lost. At the same time, an essential
shortcoming of conventional methods of
research optimization in cryobiology is
their specificity, that is, the suitability for
certain areas of research is a solution to
biological or physical problems. To study a
cryobiological object, there is a need for an
analytical mathematical model to increase
reproducibility and comparability of data
obtained. This allows us to accelerate the
process of solving cryobiological problems
associated with large usage of a bioobject and
hereto related problems both of ethical and of
economic nature.
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MATEMATHYHA MOJEJIb OITUCY
HKUTTE3AATHOCTI JKHUBIIIB
IIJIOA0BO-ATIAHUX KYJbTYP
IIICJISA KPIOKOHCEPBYBAHHA

JI. B. I'op6ynos!
I. B. ITempos®
O. B. Bssazinyesa'

'HanionanpHuii Texuiunmil yHiBepcuTeT
«XapKiBChbKUU MO TeXHIYHUHA iIHCTUTYT»,
VYkpaina
IucTuTyT IPO6GIEM Kpio6iosorii
i kpiomegunuau HAH Ykpainu, XapkiB

E-mail: embiotech@icloud.com

Po3pob6iaeHO MaTeMaTHUUYHY MOJAEIb, IO
CIIPOII[y€ IPOIleC BU3HAYEHHS ONTUMAJbHUX
mapaMmeTpiB, AKi 3a0e3mMeuy0oTh MAaKCHUMAaJIb-
HY KUTTE3TATHICTh JeKOHCEPBOBAHUX KUBIIiB
IJIOJIOBO-ATIAHUX KYJIbTYP. BusHaueHo BeIuym-
HU MiHiMaJbHOI KiJIBbKOCT1 BHYTPIITHBOKJII T H-
HOI BOAU — T{pin» 1110 MiHiMi3yIOTh IMOBipHiCTB
IJIa3MOJiBY 1 — Mo, YTBOPEHHA BHYTPIIITHBO-
KJIITHHHOTO JILOAY 3 YPaXyBaHHAM I'eTepOTeH-
HocTi 61006 eKTa.

PospaxoBano BesmumHM BiIbHOI BOAM —
Am, 110 yTBOPIOIOTH KPUCTAJU JbOLY BCepe-
IVHI KJITUHY 32 KPiOKOHCEPBYBAHHS Pi3HUX
COPTOTHIIIB NJOAOBO-ATiTHUX KYJBTYpP. Bu-
3HAUYEHO ONTHMaJbHi yMOBU 3HEBOJHEHHIA
sKuBIiB (TemmepaTrypa T" i uac BUTPpUMKH i,
MiHiMaJibHA KiJIBKiCTh BHYTPIiNIHBOKJIITUHHOL
BOAY — M,,iy), 1110 320€3MEUYIOTH MAKCUMAJIbHY
SKUTTE3NATHICTD ITig Yac iX CYUIiHHA 1 HU3BKO-
TeMIepaTypHOI afganTaIlii 1o KpioKoHCcepBYyBaH-
HA. IHAUBigyaabHI 0COOJIMBOCTI KUTTE3TATHO-
CTi TeKOHCEePBOBAHUX JKUBIIIB Pi3HUX HOPix
KiJIbKicHO BimoOpaskeHo B IOKa3sHUKAaX BiIbHOI
Bogu Arn. MaxkcumaabHOI JKUTTE3LATHOCTL Jie-
KOHCEepBOBAaHUX JKUBI[iB Oepe3u i YopHOI cMo-
POAVHU NOCATHEHO 32 YMOBU, KOJM BHYTPIII-
HBOKJIITMHHA BOJA 3HAXOAUTHCA Y 3B A3aHOMY,
BiTpudirkoBanomy crari An = 0. PospaxoBaue
An >0 gd )KUBIIiB PiBHUX COPTiB A0IYK, TPYII,
MaJIMHU TPU3BOUTH 10 3HUIKEHHSA JKUTTE3AAT-
HOCTI, a IOBHA BiICYTHICTH 3B s13aHOI BOAU — 1,
[LJIS CJIUBU, aOPUKOCA, BUHOTPALY YHEMOKJIUB-
JII0€ OTPUMAHHSA KUTTE3TATHNX 3Pas3KiB Iicisa
HU3bKOTEMIIEPATYPHOTO KPiOKOHCEPBYBaHHA.

Knarmouwosi cnosa: mareMaTuuHa MOJIeNIb, KPiOKOH-
CepBYBaHHS, *KUBI[l IIJIOJOBO-ATiTHUX KYJBTYP,
SKUTTE3NATHICTD.

MATEMATHYECKASA MOJEJIb OIIHCAHUA
JHU3HECIIOCOBHOCTH YEPEHROB
IIJIOAOBO-ATOJHbIX RYJIbTYP
ITOCJIE KPUOKOHCEPBHUPOBAHUSA

JI. B. I'op6ynos?

H. B. ITempos®
O. B. Bsszunyesa’

'HanuonanpHBIN TEXHUUECKUI YHIBEPCUTET
«XapbKOBCKUY MOJINTEXHUUYECKUN MHCTUTYT ,

VYrpauna
MucTuryT Npo6IeM KpPHOGHOIOT I
u Kkpuomenunuabl HAH YKpauusr, XapbKoB

E-mail: embiotech@icloud.com

Paspaborana maTemaTuuecKkas MOZENb, YIIPO-
II1aIoIIas IPOIECC ONpeneJeHNA ONMTUMATbHBIX
mapaMeTpPOB, 00ECTIeUNBAIOITNX MaKCUMAaJIbHYIO
JKMBHECIIOCOOHOCTDH MeKOHCePBUPOBAHHBIX Ue-
PEHKOB ILJIOI0BO-ATOAHBIX KYJIbTYD. OmpemesieHbl
BeJIMYUHBI MUHUMAJIBbHOTO KOJIUYECTBA BHYTPU-
KJIETOYHOM BOJIBI — 11y, MUHIMUBUPYIOIIIHE BE-
POATHOCTB ILJIA3MOJIN3A ¥ — 1|95, 00PaBOBAHUA
BHYTPUKJIETOUHOTO JIBZA C YUETOM reTepOTreHHO-
cTu 0000 BEKTA.

Paccunranbl BeIMYnHBI CBOOOJHOM BOALI —
An, obpasyrolye KpUCTaJLJIbI JIbla BHYTPU KJIET-
KM TPU KPUOKOHCEPBUPOBAHUU Pa3JIUUHBIX
COPTOTHUIIOB ILJIOAOBO-ATOAHBIX KyJabTyp. Ompe-
JeJieHbl ONITUMAJIbHBIE YCJIOBUA 00e3B0KIBAHNSA
yepeHKOB (Temmeparypa 1" u BpeMs BBIIEDIKKHU
ty, MUHUMAJbHOE KOJIMYECTBO BHYTPUKJIIETOUHOMN
BOJBI — 1|,,in), 00ECTIEUMBAIOIIINIE MAKCUMATBHYTO
JKM3HECIIOCOOHOCTD IIPY UX CYIITKE U HUSKOTEMIIe-
paTypHOI afanTanuy K KpUOKOHCEPBUPOBAHMIO.
NuguBugyanbubie 0COOEHHOCTU KU3HECIOC00-
HOCTH JJeKOHCEePBUPOBBAHHBIX YUEPEHKOB Pasind-
HBIX OPOJ KOJMYECTBEHHO OTPAKEHBI B IIOKA-
3aTensax cBOOOAHOM Boxbl An. MakcumanbHad
JKMBHECIIOCOOHOCTDH eKOHCEePBUPOBAHHBIX Ye-
PEHKOB 0epesbl 1 UePHOI CMOPOIUHBI JOCTUTHY-
Ta IPU YCJIOBUM, KOT/Ia BHYTPUKJIETOUHAA BOJA
HaXOMUTCA B CBA3AHHOM, BUTPUMUITTPOBAHHOM
cocrosgauu An = 0. Paccuuransoe An > 0 giia ge-
PEHKOB Pa3JIUUYHBIX COPTOB SI0JI0K, IPYII, MAJIHU-
HBI IPUBOAUT K CHUYKEHUIO *KU3HECIIOCOOHOCTH,
a IIOJIHOe OTCYTCTBHE CBA3AHHOM BOABI — 1|, IJIA
CJIMBBI, a0PUKOCa, BUHOT'DAA He JaeT BO3MOYKHO-
CTHU IOJYUYUTH KU3HECIIOCOOHbIE 00Pa3IIhl IIOCTIE
HU3KOTEMIIEPaTyYPHOTO KPMOKOHCEPBUPOBAHUA.

Knrwuesvie cnosa: marematuyecKas MOIeJb,
KPHOKOHCEPBUPOBAHNE, YEPEHKHU ILJIOL0BO-SATOI-
HBIX KYJBTYP, dKU3HECIIOCOOHOCTb.
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