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The review considers the modern literature data on the synthesis by fungi, actinobacteria, and
bacteria isolated from marine ecosystems (seawater, bottom sediments, flora and fauna, mangrove
biomes, glaciers), practically valuable metabolites. Marine microorganisms synthesize a wide
range of practically valuable enzymes (cold-active galactosidase, agarase, alginate lyase, fucoidase,
chitinase, etc.), surface-active glyco- and lipopeptides with emulsifying, antimicrobial and
antiadhesiveactivity, aswell assecondary metaboliteswithdiversebiologicalactivity (antimicrobial,
antitumor, cytotoxic). However, the use of marine producers in biotechnological processes is
constrained by their low synthesizing capacity and high costs of biosynthesis (complex nutrient
media and expensive carbohydrate substrates). In biotechnology, marine microorganisms can be
used as sources of genes encoding the synthesis of new biologically active substances with unique
properties, including antimicrobial and antitumor.

Key words: marine fungi, bacteria, biologically active substances.

The unexplored marine world, which
is characterized by great biodiversity, is a
resource for discovering new structures with
unique properties. The prolonged evolution of
marine life has led to the emergence of species
with atypical genes. Marine microorganisms
had to adapt to such living conditions as
high pressure (up to 1100 atm), anaerobic
conditions at great depths at temperatures
slightly below 0 °C, high acidity (pH 2.8),
and temperatures (above 100 °C) in the area
of thermal springs. Also, it was necessary to
adapt to high salinity, radiation, light, low
concentrations of nutrients [1]. Existence
in such conditions, close to the extreme,
contributed to the genetic and metabolic
diversity of marine microorganisms, which in
turn led to the emergence of specific adaptation
mechanisms, in particular, the synthesis of
unusual protective compounds. It is now found

that marine microorganisms can synthesize
a huge number of unique metabolites with
various biological properties, which are
promising for use in the pharmaceutical
and cosmetic industries, medicine [2—-5]. For
example, the hydrolytic enzymes of these
microorganisms can function under conditions
that lead to deposition or denaturation of most
proteins synthesized by mesophilic (terrestrial)
microorganisms [6]. Besides, seawater, which is
physiologically and chemically close to human
blood plasma, can provide the synthesis of
biomolecules, which are characterized by lower
toxicity and having fewer side effects when
used for therapeutic purposes compared to
enzymes produced by traditional producers [6].

Therefore, it is not surprising that every
year the number of publications devoted to the
study of marine microorganisms as producers
of various biologically active compounds
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increases [7—18]. In the last 5 years, about
400 reviews have been published with the
keyword “marine microorganisms”. However,
such reviews are “narrowly specialized”
because they summarize publications
related to the formation of antibiotics by
marine microorganisms [10, 15], antitumor
compounds [13], enzymes [16], polysaccharides
[11], or those, which consider the ability of
sea fungi [ 4, 5, 7], actinobacteria [1, 3, 9,
14], algae [17] to the synthesis of certain
metabolites. Also, much attention in the
most such reviews are paid to the biodiversity
of marine microorganisms [1-3, 7],
determination of the chemical composition and
structure of metabolites [4, 7, 9-12, 14, 15,
17, 18], their biological activity [8—10, 13—-17].
Yet the prospects of marine microorganisms
using in biotechnology are not considered.

The purpose of this review was to analyze
and summarize current literature data on the
biotechnological potential of marine fungi
and bacteria as producers of a wide range
of practically valuable products (surfactant
glyco- and lipopeptides, exopolysaccharides,
enzymes, metabolites with various biological
activity — antimicrobial, antitumor,
cytotoxic).

Surfactants

Due to the advantages of microbial
surfactants over synthetic analogs
(biodegradability, non-toxicity, stability of
physicochemical properties in a wide range
of temperature and pH), as well as their
unique biological properties, interest in these
substances is growing every year [19-21].
So, the possibility of using microbial origin
surfactants in the oil and mining, chemical,
food industries, agriculture, in environmental
technologies for environmental cleansing has
been already found.

In recent years, a significant number
of papers had been published in which it
was reported about the isolation of marine
microorganisms capable to synthesize
surfactants [22—50]. Among marine bacteria,
the representatives of Bacillus, Pseudomonas,
Rhodococcus genera were found [32, 34, 35,
41-43, 45, 46, 49], which were the known
producers of surfactants [33]. However,
many isolated strains turned out to be the
non-traditional producers of surfactants —
members of the genera Buttiauxella [22],
Serratia [23], Staphylococcus [24, 25], Vibrio
[28], Haloimonas [30], Nesterenkonia [37],
Achromobacter [40].

6

Analysis of the literature data on the
physicochemical and biological properties
of surfactants synthesized by marine
microorganisms showed that they were
virtually indistinguishable from those
established for surfactants formed by
traditional producers. Thus, by chemical
nature, most surfactants of marine
microorganisms were glycolipids [22—-32] or
lipopeptides [84—43]. They were characterized
by antimicrobial [22—26, 37—39], antiadhesive
[23, 24] and antioxidant [37] activity, as well
as the ability to destroy biofilms of pathogenic
microorganisms [22—-25, 38], emulsification
and solubilization of various hydrocarbons
[26-30, 32, 34—-36, 41, 44].

Notably, that in [22—-29, 34-41, 44] the
ability to synthesize surfactants was evaluated
mainly by the indicators of emulsification index,
surface tension, critical concentration of micelle
formation, which indicated only the presence
of surfactants, not their amount. Therefore, to
assess the level of synthesizing ability of marine
microorganisms and compare with that of
traditional surfactant producers was not possible.
Also, in these works, the authors focused on the
properties of surfactants to predict the prospects
of their practical significance.

Glycolipids of marine microorganisms

It was found that the marine halotolerant
strain of enterobacteria Buttiauxella sp.
M44 synthesized a glycolipid consisting of
glucopyranose, associated with fatty acids C14,
C16, and C18, including octadecanoic acid [22].
Glycolipid was characterized by antimicrobial
activity against some pathogens (Escherichia
coli ATCC25922, Bacillus subtilis ATCC465,
Bacillus cereus ATCC11778, Candida albicans
ATCC10231, Aspergillus niger (strain number
was not given), Salmonella enterica in
concentrations of 100—300 pg/ml.

Dusane et al. [23] reported a glycolipid
synthesized by another member of the marine
enterobacteria Serratia marcescens CFS, which
had antimicrobial and antiadhesive activity.
Glycolipid contained glucose and palmitic acid.
The minimum inhibitory concentration (MIC)
of this surfactant against C. albicans BH and
Pseudomonas aeruginosa PAO1 were 25 ng/ml,
against Bacillus pumilus TiO1 — 12.5 pg/ml.
Glycolipid of the CFS strain at a concentration
of 50—100 pg/ml reduced the adhesion of these
test cultures to polystyrene by 75-94% and
destroyed their biofilm by 55—-80% .

The report [24] concerning the surfactant
synthesis increase in case of co-cultivation
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of the producer Staphylococcus lentus
SZ2 isolated from a sea snail surface with
Vibrio harveyi aquaculture pathogen
is rather interesting. At the end of co-
cultivation of both strains, the growth of V.
harveyi was completely inhibited, and the
surfactant formed under such conditions
(called BS-SLSZ2) was characterized by the
highest antiadhesive activity and ability
to destroy biofilms compared to the drug
formed by S. lentus SZ2 monoculture. By
chemical nature, BS-SLSZ2 was a glycolipid
preparation. It contained triose (a four-carbon
carbohydrate) as well as hexadecanoic and
octadecanoic acids. The glycolipid BS-SLSZ2
at a concentration of 20 pg/ml destroyed
the biofilms of V. harveyi and P. aeruginosa
by 78.7 and 81.7%, respectively. The
disadvantage of strain SZ2 as a surfactant
producer was low concentration of the target
product, which even in case of co-cultivation
with V. harveyi did not exceed 70 mg/1[24].

Another Staphylococcus genus, which
synthesized glycolipid with similar biological
properties, was a strain of Staphylococcus
saprophyticus SBPS-15 isolated from oil-
contaminated coastal waters [25]. The
surfactant strain SBPS-15, which contained
mannose and oleic acid, was named
staphylosan. At concentrations of staphylosan
200-400 pg/ml, complete destruction of
biofilms of P. aeruginosa BHKH-19 and
Serratia liquefaciens BHKH-23 was observed.
Destruction of biofilms of Acinetobacter
beijerinckii BHKH-11, Micrococcus
luteus BHKH-39, B. subtilis BHKH-7 and
Marinobacter lipolyticus BHKH-31 by 93, 91,
90 and 85%, respectively, was achieved at a
surfactant concentration of 400 pg/ml.

In addition to antimicrobial activity,
glycolipids of marine microorganisms have
emulsifying properties, due to which they
can be promising for the degradation of oil
pollution and polycyclic aromatic hydrocarbons
[27-32].

It was found that Dietzia maris As-13-3
strain isolated from deep-sea thermal waters
had synthesized dirhamnolipids during
cultivation on hydrocarbons, olive oil,
glycerol, and glucose [27]. Under conditions
of strain As-13-3 growth on tetradecane,
hexadecane, and pier, the surface tension
decreased to 33—35 mN/m. Rhamnolipids
formed stable emulsions with toluene, hexane,
cyclohexane, hexadecane, pier, and diesel, so
the emulsification index was 54-64% . The
authors of [27] noted that the advantage of
D. maris As-13-3 as a producer of rhamnolipids

for environmental bioremediation was the non-
pathogenicity of the strain.

Halomonas sp. MV-30, isolated from a
sea sponge, synthesized glycolipids under
conditions of growth on both glucose and
hydrocarbons (reduction of surface tension to
30 mN/m) [30]. The emulsification index of
glycolipids using crude oil as a substrate was
93.1%, kerosene — 86.6% . The emulsions
remained stable for a month and were formed
at temperatures above 80 °C, pH > 7.0, and
NaCl concentrations up to 10% . In the presence
of partially purified Halomonas sp. MV-30
surfactant, degree of oil washing from sand
was 62% . The authors of [30] noted that the
glycolipids of strain MV-30 were promising for
increasing oil production and bioremediation
of hydrocarbons in extreme conditions.

It has been reported in [29] about isolation
from sea water of Nocardiopsis sp. VITSISB
strain, which synthesized rhamnolipids on an
oil-containing medium. On a model system that
simulated the spillage of engine oil in an ocean,
the researchers found the possibility to use
the cells immobilized in Ca?" -alginate balls of
the VITSISB strain for bioremediation of this
xenobiotic. However, engine oil destruction
occurred in the presence of sugar cane juice
and soybean meal in an aquatic environment as
sources of carbon and nitrogen, respectively.
Rhamnolipids of Nocardiopsis sp. VITSISB
strain proved to be stable in the temperature
range 5—100 °C, pH 2—-12, and sodium chloride
concentrations 3—10% . The authors of [29]
considered rhamnolipid-producing strain
VITSISB as promising for the elimination of
oil spills in the ocean.

Summarized information concerning
glycolipids synthesized by marine
microorganisms is given in Table 1. These data
indicate that marine microorganisms synthesize
glycolipids on various substrates, though
mainly on fairly high-value (carbohydrates,
hexadecane, purified glycerol). Lack of
transparency on the synthesis of the target
product enables to assess the prospects to use the
strains as potential producers of surfactants.
However, the stability of surfactants and their
emulsions in a wide range of temperature, pH,
and salinity make them attractive for practical
application in environmental technologies for
bioremediation of the environment.

Lipopeptides of marine microorganisms

Lipopeptides consist of a lipid moiety
coupled to a short linear or cyclic oligopeptide
[33]. The data presented in [34—41] show
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that most lipopeptide surfactants of marine
microorganisms are considered promising
for use in bioremediation and environmental
problems. It is known that the synthesis
of lipopeptides by traditional producers
(representatives of the genera Bacillus and
Pseudomonas) is carried out mainly using
carbohydrate substrates [33]. Similarly,
marine microorganisms can synthesize
lipopeptides under conditions of growth on
carbohydrates [38, 39, 42]. However, many of
them can metabolize agro-industrial waste and
waste from other industries [34, 36, 37].

Mani et al. [34] isolated from marine
sediments a Bacillus simplex SBN19 strain,
which synthesized surfactants of lipopeptide
nature in various waste oils.

Maximum concentration of surfactants
(908 mg/1) was achieved under conditions of
the strain SBN19 growth in fried sunflower oil.
It was found that in the presence of purified
lipopeptide (100 mg/1) after 24 h, the degree
of washing of oil from contaminated sand
(5 ml of oil per 100 g of sand) in the range of
salinity 0-30% was 80—85% (with maximum
salinity — 84.7%).

It was found [35] that Bacillus
stratosphericus FLUbH, isolated from oil-
contaminated seawater, synthesized
surfactants on a wide range of carbon
substrates (crude oil, diesel fuel, engine oil,
spent engine oil, corn and olive oil, refried oil,
glycerol). Surfactant synthesis rates were the
highest (1.88-2.25 g/1) in a process of growing
the strain on oil-containing substrates. By
chemical nature, B. stratosphericus FLU5
lipopeptides are a complex of surfactin
and pumilacidin. The lipopeptide complex
showed stability in a wide range of pH
(2-12), temperature (4-121 °C), and NaCl
concentration (0—-25%). In the presence of
supernatant after culturing the FLU5 strain
on fried oil, the remobilization of motor oil
hydrocarbons (20% ) from contaminated soil
was several times higher compared to the use
of synthetic surfactants (Tween 20, Tween 80,
Triton X-100 and SDS).

Vilela et al. [36] isolated from marine
invertebrates the Brevibacterium luteolum
AC189a strain, which synthesized surfactants
of lipopeptide nature under conditions of
mineral oil growth. The emulsification index
of surfactants with different hydrocarbons
was 60-79% . The lipopeptide showed the
ability to clean sand from oil. In the presence
of 0.1% surfactant, the degree of washing of
0il (10%) from contaminated sand after 6 h
was 83%.

It was reported [37] that the strain
Nesterenkonia sp. isolated from the
Fasciospongia cavernosa MSA31 sea sponge,
which synthesized a lipopeptide when
grown in olive oil, was characterized not
only by emulsifying but antioxidant and
antimicrobial activity as well. Thus, the
level of neutralization of 2,2-diphenyl-1-
picrylhydrazyl radical (DFPG) at a surfactant
concentration of 6 mg/ml was 65%. At a
surfactant concentration of 125 ng/ml, the
destruction of Staphylococcus aureus biofilm
was noticeable. Also, the authors used a
lipopeptide of strain MSA31 as an emulsifier in
production of muffins with a protective effect
against S. aureus. The addition of lipopeptide
to the dough at a concentration of 0.5-1%
improved the organoleptic characteristics of
the finished product [37].

Cyclic lipopeptide surfactant pseudofactin
II, synthesized by the arctic strain
Pseudomonas fluorescens BD5 [42] can
activate the apoptosis of melanoma A375
cells as a result of the effect of surfactant
micelles on the permeability of the cell
membrane, accompanied by the release of
lactate dehydrogenase and Ca®" [38]. This
lipopeptide reduced the adhesion of pathogenic
microorganisms Escherichia coli, Enterococcus
faecalis, Enterococcus hirae, Staphylococcus
epidermidis, Proteus mirabilis and Candida
albicans on glass, polystyrene and silicone,
as well as prevented the formation of biofilms
on medical materials. Pre-treatment of
polystyrene with a solution of pseudofactin
II at a concentration of 0.5 mg/ml reduced
the adhesion of bacterial test cultures by
36-90%, and C. albicans — by 92-99%.
Thus, pseudofactin II could be used as an
agent against microbial colonization of
various surfaces, such as implants or urethral
catheters [43].

The Aneurinibacillus aneurinilyticus
SBP-11 strain [39] under the conditions of
growth on glucose synthesized lipopeptide
surfactant aneurinifactin with high
antimicrobial activity against pathogenic
bacteria. Thus, the minimum inhibitory
concentrations of aneurinifactin were (ng/
ml) as follows: Klebsiella pneumoniae — 4,
E.coli — 8, S.aureus — 8, P. aeruginosa — 16,
B. subtilis — 16, Vibrio cholerae — 16. Also,
at a concentration of 200 mg/I aneurinifactin,
the degree of washing of oil from contaminated
sand (5 ml of oil per 100 g of sand) after 24 h
was 81% [39].

In [41], the authors investigated the
possibility of intensifying lipopeptide
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Table 1. Synthesis of glycolipids by marine microorganisms
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sediments 0il, 16 ml/1 Sii 5%y activity
Sunflower 20-100 °C,
Rhodococcus sp. o 0il,2 % trehalose pH 2-10, . . L.
PMLO026 Seawater 30 °C (volume lipid salinity to Bioremediation | [32]
fraction) 25%
Lactone
. 4-100 °C
Aureobasidium 5-hy- Y
pullulans Seawater 30 °C Glucose, 50 droxy- pH 2 12 Emulsifier [31]
YTP6-14 Glycerol, 9_decanoic salinity to
2,5% acid 12%

Note: «—» — no data.
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synthesis by a strain of Bacillus licheniformis
NIOTAMKVO06 isolated from a sea sponge.
Under conditions of growth of strain
NIOTAMKVO06 on glucose, the surfactant
concentration was 1.8 g/l. After optimizing
the composition of the nutrient medium
it increased to 3 g/l. The use of a mixture
of 20 g/1 of glucose and 2.5% of oil as a
carbon source made it possible to increase
the concentration of surfactants to 6 g/I.
The authors obtained a recombinant strain
of E. coli, which synthesized 11.78 g/l of
lipopeptide [41]. Surfactant B. licheniformis
NIOTAMKYV06 emulsified crude oil, kerosene,
and diesel. This work was the first to report a
highly active marine lipopeptide-producing
strain.

Deng et al. [40] isolated from oil-
contaminated seawater a strain of
Achromobacter sp. HZ01, which on a medium
with glycerol synthesized a new cyclic
lipopeptide at a concentration of 6 g/1. This
surfactant formed emulsions with coconut,
peanut, sesame, soybean, sunflower, olive,
corn oil, kerosene, and diesel fuel, and the
emulsions were characterized by high stability
in the temperature range of 40-100 °C, pH
6—12, and salinity of 0—-3%.

It was found [44] that the Marinobacter
sp. M22.20 strain isolated from marine
sediments under conditions of growth in
the medium with 2% (volume fraction) of
soybean oil synthesized phospholipopeptides
(concentration was not specified) with high
emulsifying activity. The emulsions were
stable when stored for 30 months at a NaCl
concentration of 300 g/1, temperature of 4 °C
and after heat treatment 120 °C, 20 min).

Summarized data on lipopeptides
synthesized by marine microorganisms are
given in Table 2. Lipopeptides are characterized
by the same physicochemical and biological
properties as glycolipids (Table 1). However,
a significant advantage of lipopeptides is
the possibility to obtain them on cheap and
available industrial waste in large quantities.

During 2018-2019, several papers
were published [45-49] on the synthesis of
surfactant glyco- and lipopeptides by marine
microorganisms, in which the authors studied
in detail the chemical composition and/or
biological (mainly antimicrobial) activity of
surfactants, but did not provide conditions
of cultivation and synthesis of surfactants.
The review [50] provided information on
the chemical composition and prospects
of practical use of surfactants of marine
microorganisms in medicine, perfumery,
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cosmetics, food industry, bioremediation,
and noted that marine microorganisms were
not currently promising biological agents for
biotechnological processes, as they needed
improvement methods of genetic and/or
metabolic engineering.

Enzymes

Enzymes synthesized by marine
microorganisms are characterized by high
activity in a wide range of pH, temperature,
light, pressure, salt concentrations, and are
resistant to organic solvents, metal ions,
detergents [16].

Recently, the number of publications
on the synthesis of P-galactosidases by
microorganisms, which show high activity
at low temperatures (so-called cold-active
B-galactosidases), has increased in the
literature [51-57]. This is due to the following
reasons. Firstly, it is the possibility to use
these enzymes in the production of lactose-free
dairy products, as well as to create biosensors
that control the lactose content in their
production. It is known that biosensors based
on immobilized B-galactosidase can be used to
analyze lactose in milk [51]. Interest in the
production of lactose-free dairy products (milk,
including condensed milk, ice cream) is because
today a third of the world’s population suffers
from lactose intolerance [562, 53]. Secondly,
the hydrolysis of lactose by cold-active
B-galactosidase reduces the hygroscopicity of
milk, thereby preventing its crystallization
in ice cream and condensed milk. Also, the
use of such enzymes at low temperatures
minimizes the risk of microbial contamination
of finished products [53]. Thirdly, the use of
B-galactosidase for the destruction of lactose
in serum can reduce wastewater contamination
of dairy plants [52]. Most currently used
B-galactosidases in the food industry
(Maxilact, Lactozym, and neutral yeast lactase
(DYL)) are mesophilic and have an optimum
temperature of approximately 35 to 50 °C and
are characterized by low activity at 20 °C.

Also, cold-active B-galactosidases can be
used to produce water-soluble oligosaccharides
that are less sweet than mono- and
disaccharides. The interest in oligosaccharides
is because they are prebiotics that activate the
development of bifidobacteria in the intestine
[56].

The largest number of producers of cold-
active B-galactosidases is found among marine
microorganisms. For example, the marine arctic
bacteria Enterobacter ludwigii KS92 synthesizes
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Table 2. Synthesis of lipopeptides by marine microorganisms

Culti Physi Li-
Source of uiiva Carbon ysico Prospects te-
Producer . tion tem- chemical
selection source, g/1 . for use ra-
perature properties
ture
Bacillus Seawater Fried oil 4;{1221_15’ Bioremediation,
stratosphericus contaminated 37 °C (1% ,volume P T destruction of | [35]
FLU5 with oil fraction) salinity motor oil
(0-25%)
Aneurinibacillus Antimicrobial
aneurinilyticus Marln.e bottom 37 °C Glucose, 15 4—-80 °C, ' act1v1ty,‘ [39]
sediments pH 2-9 increase oil
SBP-11 .
production
Spent . .
Bacillus simplex | Marine bottom 37 °C sunflower oil salinity to Blio;;r‘r;zcsléa(;c;lo s [34]
SBN19 sediments (2% ,volume 30% .
. production
fraction)
Destruction
of biofilms, (38
Pseudomonas . . antimicrobial, ’
Arctic strain 37 °C Glucose, 20 — . . 42,
fluorescens BD5 antiadhesive
. 43]
and antitumor
activity
Brevibacterium . . Marine 4-100°C, Bioremediation,
Marine o invertebrates pH 2-12, . .
luteolum . 30 °C o . increase oil [36]
AC189 invertebrates (2% ,volume salinity roduction
a fraction) (0-12%) P
Bacill Emulsifier.
| paerius Glucose, 20 20-70 °C, Bioremediation,
licheniformis Sea sponge 38 °C 0il 2.5% H 5-10 increase oil [41]
NIOT-AMKV06 27 P :
production
Seawater 40-100 °C,
Achromobacter contaminated 28 °C Glycerol, 40 pH .6_.12’ Bloremed'le'ltlon. [40]
sp. HZ01 with oil salinity Emulsifier
(0-3%)
Antioxidant and
Sea sponge 4-121 °C, antimicrobial
Nesterenkoia sp. . . o . . pH 6-9 activity.
MSA31 F ‘g;‘;fl‘;’slf‘“ 28°C Olive oil, 10 salinity Emulsifier | L5']
(0-10%) for the food
industry

Note: «—» — no data.

B-galactosidase [52], which is characterized by
high activity at a temperature of 15—-25°Cand a
pH of 5-10. At the same time, enzymes formed
by deep-sea marine bacteria Thalassospira sp.
3SC-21 and Pseudoalteromonas sp. KNOUC808
showed maximum activity in the range of
lower temperatures (from 4 to 20 °C), but at
different pH values [563, 54]. The optimum
pH of B-Galactosidase strain 3SC-21 was 6.5,
and strain KNOUC808 — 7-8. B-galactosidase
synthesized by another deep-sea bacterium
Alteromonas sp. ML52 [55], was also

characterized by high activity at a temperature
of 4-25 °C. Thus, marine microorganisms
existing in the polar and other regions, where
the average annual temperature does not exceed
5 °C, are a source of virtually valuable cold-
active B-galactosidases.

Commercial o-amylases are inactivated
at low pH and high temperatures, but these
conditions must be maintained at the stage
of starch saccharification during molasses
production. In turn, a-amylase synthesized
by the marine bacterium Geobacillus sp. 4j
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was active in the pH range of 4.5-7.0 and
at a temperature of 55-90 °C [58]. In this
work, the authors investigated not only the
properties of the enzyme but also optimized
the conditions for culturing strain 4j in flasks
and a bioreactor. This made it possible to
increase significantly its activity. Thus, in
the process of Geobacillus sp. 4j growing in
flasks on an optimized medium with starch
as a carbon source, the amylase activity was
6.4 U/ml, which is 5 times higher than before
optimization. Cultivation of the producer in a
15 1 bioreactor at a temperature of 60 °C, an
initial pH value of 6.0 and maintaining the
dissolved oxygen concentration at 20% of air
saturation allowed to increase the activity of
the enzyme to 79 U/ml [58].

Currently, proteases account for 60%
of the world market for enzymes, and what
is more, proteases that are highly active in
a wide range of pH and temperature, in the
presence of metal ions and organic solvents are
in great demand [59]. These requirements are
met by an alkaline protease synthesized by the
Staphylococcus saprophyticus BUU1 strain,
which is isolated from marine sediments.
Protease was characterized by stability at
temperatures from 10 to 80 °C, pH from 3
to 12, in the presence of dodecyl sulfate,
hydrogen peroxide, bleaching agents (zeolite),
hydrophobic solvents (benzene, hexane,
hexadecane) [59].

At present, alginatliases, especially
endolytic ones, are widely used in the
production of alginate oligosaccharides
and the production of protoplasts from
red and brown algae [60-63]. Alginate
oligosaccharides are attracting more and
more attention due to their wide application
in the food and pharmaceutical industries,
as they are characterized by antioxidant,
antiproliferative, antitumor activity. Also,
they are anticoagulants, stimulate the
production of cytokines, exhibit anti-allergic
properties. Moreover, alginatliase is promising
for use in the treatment of cystic fibrosis due
to the decomposition of the polysaccharide
biofilm of the pathogen [60-62]. However,
most known alginatliases are unstable at
elevated temperatures.

Zhu et al. [61] obtained a genetically
engineered strain of Escherichia coli, which
transferred the genes of thermostable alginate
lyase from the marine strain of Flammeovirga
sp. NJ-04. Purified recombinant alginate
lyase FsAlgA showed the highest activity
(3 343.7 U/mg) at 50 °C and pH 7.0. In
addition, this enzyme was characterized by
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broad substrate specificity and degraded not
only sodium alginate but also polymanuronates
and polyguluronates.

Alginate lyase AlgC-PL7, synthesized by
the halophilic strain Cobetia sp. NAP1 appered
to be heat-resisting [60]. At 90 °C, the enzyme
activity was decreased after 15 min by only
20%, as well as in the presence of 2.0 M NacCl
and KCI, the enzyme retained up to 80% of
activity.

Not only polymanuronates and
polyguluronates were characterized by
hydrolytic properties but alginate lyases
synthesized by marine bacteria Vibrio sp.
NJU-03 [62] and Vibrio furnissii H1 [63] were
as well. The enzyme of strain NJU-03 showed
maximum activity at 30 °C and pH 7.0, and
strain H1 — 40 °C and pH 7.5.

The ability of the fungus strain Dendry-
phiella arenaria Nicot isolated from red algae
to synthesize alginate lyase and fucoidanase
was found in a process of growing on a medium
with fucoidan and alginate extracted from
brown macroalgae Sargassum latifolium [64].
Using mathematical methods of experiment
planning, the authors determined the optimal
composition of nutrient medium for the
synthesis of fucoidanase (fucoidan content
was 1.5%, NaCl — 1.5%, urea — 0.3%) and
alginate lyase (alginate content was 1.5%,
NaCl — 4%, NH,Cl — 0.3%), providing the
maximum activity of enzymes in the culture
fluid (4 and 24 U/ml, respectively). Subsequent
experiments showed that the degree of release
of free carbohydrates from polysaccharides
under the action of fucoidanase and alginate
lyase was 365 mg/g of fucoidan and 439 mg/g
of alginate, respectively [64]. The authors
noted that these enzymes were promising for
use in the production of biofuels from algae.

As a result of agar hydrolysis by agarase,
monomers (D-galactose, 3,6-anhydro-L-
galactose, and L-galactose-6-sulfate) were
formed, which could be used for biofuel
production [65-67]. Promising is the use of
agarase in the production of biologically active
agar-oligosaccharides, which are characterized
by prebiotic potential, exhibited antitumor,
anti-inflammatory, and antioxidant activity,
as well as moisturizing and whitening effect in
cosmetics. Also, agarase can be used to produce
red algae protoplasts, process DNA and RNA
from agarose gels, and extract biological
substances (carotenoids, vitamins, and fatty
acids) [65—67]. Most often agarase is active in
the temperature range from 30 to 40 °C. Few
enzymes are characterized by high activity at
weakly alkaline pH. The high activity of these
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enzymes at temperatures above 40 °C is an
advantage for the industrial production of agar-
oligosaccharides because such temperatures
exceed the gelation temperature of agar.

It has been informed of the isolation
from marine sediments of the Acinetobacter
junii PS12B strain, which in the process of
cultivation on medium with 0.5% agar at
35 °C and pH 7.0 synthesized agarase with an
activity of 0.17 U/ml of culture fluid [65]. In
the presence of simple carbohydrates (glucose)
in the medium with agar, the enzyme activity
was doubled. Later [66], the same authors
investigated the physicochemical properties
of the purified enzyme and found that agarase
synthesized by strain PS12B was thermostable
and was characterized by high activity at
50 °C, and maximum activity was observed at
40 °C and pH 8.0.

Not only marine bacteria but also fungi
can synthesize agarase. So, the strain
Dendryphiella arenaria Nicot. under
conditions of semi-solid cultivation on a
medium containing as a substrate 7.5%
biomass of red algae Palisada perforata,
0.25% sucrose and 0.08% glucose synthesized
agarase with an activity of 7.69 U/ml of
culture fluid [67]. Agarase was characterized
by high activity in the temperature range
from 40 to 80 °C. When heated to 40-50 °C
after 30 min, the activity decreased by 25%,
and after incubation at 80 °C for 60 min — by
60% . The authors of [67] believed that agarase
D. arenaria Nicot. could be used with high
efficiency to produce biofuels from seaweed.

Enzyme of a wide range of applications is
xylanase. In baking, it is used to break down
xylan flour with a predominant effect on
arabinoxylans, characteristic of endosperm
and aleurone layer of the grain, in the
production of paper for bleaching cellulose, in
animal husbandry to improve the digestibility
of animal feed [68, 69].

As a result of screening 493 strains of
sea fungi, Dos Santos et al. [68] selected a
strain identified as Aspergillus cf. tubingensis
LAMAI31, which was the most active producer
of xylanase. Under conditions of growth on
medium with xylan xylanase activity was 49.41
U/ml. In the next step, the authors optimized
the composition of the nutrient medium, which
allowed to increase the xylanase activity to
561.59 U/ml. Xylanase of the strain LAMAI31
was stable in the temperature range of 40—
50 °C and pH from 3.6 to 7.0 with an optimum
of 55 °C and 5.0, respectively.

The review [69] summarizes the literature
data on the potential of sea fungi as an

alternative to terrestrial ones for obtaining
extracellular enzymes by bioconversion of
plant and macroalgae polymer substrates. The
authors noted that these biotechnologies might
be integrated, because the decomposition
of such substrates could produce not only
hydrolytic enzymes but plant protein-enriched
fungal biomass as well, which in turn was a
source of virtually valuable biologically active
substances.

Generalized information about enzymes
synthesized by marine microorganisms is
given in Table 3. Microorganisms isolated
from marine habitats capable of synthesizing
enzymes that are stable over a wide range of pH
and temperature and maintaining high specific
activity in contrast to the enzymes synthesized
by their traditional terrestrial producers.

Exopolysaccharides

In marine habitats, most microbial cells
are surrounded by a layer of extracellular
carbohydrate polymers, which are usually
exopolysaccharides (EPS). They help
microorganisms to survive in adverse
conditions by affecting the physicochemical
environment near the microbial cell. Some
extreme marine environments, such as deep-
sea hydrothermal vents, shallow underwater
thermal springs, and polar marine habitats, are
considered as new sources of EPS-producing
bacteria[11, 72].

In 2018, we have published a review [73]
on non-traditional producers of microbial
EPS, including marine microorganisms
(thermo-, psychro-, halophiles and bacteria
isolated from deep-water hydrothermal vents).
Hereunder we summarized information that
appeared or was not published after the
publication of the review [73]. In 2018, a
review [11] was published on the EPS of marine
microorganisms. However, it summarized
mostly outdated literature (from the 90s of
the twentieth century to 2010-2012), which
related mainly to the study of their chemical
composition, structure and environmental
role, whereas practically valuable properties
were considered very briefly.

In our review, we tried to focus on new
non-traditional areas of application of EPS
of marine microorganisms. This is due to the
following reasons. Most currently the known
microbial EPSs are characterized by similar
functional properties that determine their
practical significance. Therefore, it is not
surprising that of a large number of isolated,
described and studied polysaccharides of
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Table 3. Synthesis of enzymes by marine microorganisms

Lite-
Producer Sourcta of Enzyme Activity Properties Prospects for use ratu-
selection re
Enterobacter Siege oi.' . 15-35 °C, Manufacture of lactose-
) the Arctic | Galactosidase - free products at low [62]
ludwigii KS92 . pH 5-10
Fjord temperatures
Geobacillus Depths of 55-90 °C, Hydrolysis of starch for
sp. 4j the sea Amylase 79 U/ml pH 4,5-7 molasses production [58]
Treatment of cystic
fibrosis. Obtaining
Flammeovirga | Depths of | Alginatliase | 3 343,7 | Optimum 50 °C, | alginate oligosaccharides [61]
sp. NJ-04 the sea FsAlgA U/ml pH 7 with low molecular
weight. Obtaining
protoplasts of algae
Cobetia sp. Brown Alginatliase B Optimum 45 °C, ?Ezil()nsl;gchzﬁgzte [60]
NAP1 algae AlgC-PL7 pH 7-8 Biofuel production
Optimum 40 °C,
Alginatliase 24 U/ml saccharification | Biofuel production from [64]
439 mg/g brown algae
fucoidan
Dendryphiella . 40 °
arenaria Red algae Opt1mu.m. O. C . .
. . saccharification | Biofuel production from
Nicot. Fucoidanase | 4 U/ml [64]
365 g/g brown algae
Fucoidanase
7,69 an o Biofuel production from
Agarase U/ml 40-80 °C red algae [67]
Obtaining of agar
Acinetobacter Sea Acarase 45,76 Optimum 40 °C, (ﬁlgii?czgsglfjj’:f g:é [66]
sp.PS12B | sediments g U/ml pH 8 ydrolyzate,red a'g
protoplasts. Biofuel
production
A ” ¢ Pharmaceutical — drugs
spergiiius cl. Sea 561,59 30-70 °C, to improve digestion.
Tubingensis Xylanase [68]
sponge U/ml pH 3-7 Food Industry. Paper
LAMAI 31 .
and textile industry
Bioremediation,
organic catalysis
Nigrospora sp. Sea Laccase 25,2 - zggoiif‘fii(sia?gnn(i)i [70]
CBMAI 1328 | sponge U/ml : UE
cleavage. Biosensor
systems. Antimicrobial
Activity
Formation of
Aeromonas Zooplank- .. _ Optimum 37 °C, .
caviae CH129 ton Chitinase pH 5 N-acetylglucosamine, [71]

antifungal activity

Note: «—» — no data.
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microbial origin, only some of them (xanthan,
gelan, alginate, dextran) are obtained on an
industrial scale. Today, in order to enter the
market, new polysaccharides must have certain
unique properties, thanks to which they can be
used in the “free” spheres of rapidly developing
industries such as medical, pharmaceutical,
cosmetic, environmental.

Most exopolysaccharides synthesized by
marine microorganisms are promising for
use in medicine and pharmaceuticals [72,
74-78, 80-86], as they show a wide range of
biological activity such as follows antitumor
[74, 75], antioxidant [72, 75, 78—80], anti-
inflammatory [74, 75], anti-adhesive [81,
83], immunomodulatory and antiviral [84,
85], and cryoprotective [76, 77, 82]. Both
psychrophilic, mesophilic, and thermophilic
strains have been identified among EPS
producers.

Most psychrophilic strains were isolated
from the polar marine regions of the Arctic and
Antarctica. Exopolysaccharides synthesized
by microorganisms from polar media are often
characterized by unique physicochemical
properties and functions. Usually, cold
habitats are characterized by frequent
temperature changes (freeze-thaw cycles, etc.)
[73]. Under these conditions, EPS can act as a
cryoprotectant. This property of psychrophiles’
EPS makes it possible to consider them as
alternative cryoprotectants for long-term
storage of suspension cultures [82].

It was found [76] that EPS, synthesized by
the psychrophilic y-proteobacteria Colwellia
psychrerythraea 34H isolated from Antarctic
ice, has a unique structure that mimics
antifreeze and prevents recrystallization of
ice. Moreover, when cells are frozen to —80 °C,
this EPS is a better cryoprotectant than a
10% solution of glycerol. In turn, in [82] it
was found that in the presence of 10% of EPS
Pseudomonas sp. ID1 survival of Escherichia
coli ATCC 10536 cells after freezing and
keeping for 7 days at a temperature of —20 and
—-80 °C was 36 and 64 % , respectively.

The authors [77] showed that the addition
of polysaccharide of psychrotolerant Arctic
bacteria Flavobacterium sp. ASB 3-3 at
a concentration of 50 mg/ml increased
the number of living cells of the strain
Flavobacterium sp. ASB 3-3 and E. coli DH5a
after 2 freeze-thaw cycles 4 times compared
to those without EPS. Polysaccharides of
psychrophilic and psychrotolerant bacteria
had likewise the ability to retain moisture [72],
emulsification [77, 82], flocculation [77], and
adsorption of metals [79].

During the EPS study of the bacterial
strain Zunongwangia profunda SM-A87 [72]
it was found that after 72 h of dehydration in
a chamber with silica gel (relative humidity
43%) the moisture-holding capacity of the
polysaccharide strain SM-A87 reached 76%,
which was higher than using hyaluronic acid,
sodium alginate. According to the authors,
such results were due not only to the presence
in the EPS of a large amount of glucuronic
acid and N-acetylglucosamine, but as was also
fucose, which had moisturizing properties.
This polysaccharide had antioxidant activity
as well [72].

To reduce the cost of the target product
the authors of [72] optimized the composition
of the nutrient medium (whey — 60.9%, soy
flour — 10 g/1 and NaCl — 2.9%), and the
implementation of the feed process allowed to
increase the concentration of EPS of strain Z.
profunda SM-A87 up to 17 g/1, which was 1.93
times higher than the original technology.

EPS of the psychrotolerant strain
Flavobacterium sp. ASB 3-3, in addition
to cryoprotective, has flocculating and
emulsifying properties [77]. Thus, the
flocculation activity in a suspension of
kaolinite (0.5%) at an EPS concentration of
40 mg/1 reached 91.3%, respectively. EPS of
Flavobacterium sp. ASB 3-3 also emulsified
n-hexane (emulsification index 66.3%) and
n-hexadecane (64.3% ) with the same efficiency
as sodium dodecyl sulfate.

As for psychrophilic bacteria, the synthesis
of exopolysaccharides by thermophilic marine
microorganisms is an adaptation mechanism
that ensures their survival in adverse
environmental conditions.

A representative of thermophilic marine
bacteria is the strain Bacillus licheniformis
T14, isolated from the hydrothermal vein
of the island of Panarea (Italy) [81]. This
polysaccharide has a wide range of biological
activity. Thus, treatment of human peripheral
blood mononuclear cells with a solution of
polysaccharide (300 pg/ml) led to stimulation
of the production of type I cytokines and, as
a consequence, inhibition of 77% replication
of herpes simplex virus type II [85]. Scientists
have also found that this EPS has anticytostatic
activity. Thus, fraction 1 EPS of B. licheniformis
T14, consisting of fructose, fucose, and glucose
(1: 0.75: 0.28), at a concentration of 500 ppm
increased the LD50 of avarol (cytostatic) from
0.18 t0 0.99 mg/ml [84].

It was found that polysaccharides
synthesized by Bacillus licheniformis T14
[81] and Pseudomonas stutzeri 273 [83]
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had a unique ability to destroy biofilms of
multidrug-resistant strains of pathogenic
bacteria E. coli, Klebsiella pneumoniae,
Pseudomonas aeruginosa and Staphylococus
aureus. Notably that such properties had not
been previously detected in exopolysaccharides
formed by traditional producers.

Due to the high content of sulfated and
uronic groups, polysaccharides synthesized
by mesophilic members of the genus Bacillus
showed antitumor and anti-inflammatory
activity [74, 75].

Thus, polysaccharides synthesized by
mesophilic bacteria Bacillus velezensis MHM3
[74] at a concentration of 5—80 ug/ml reduced
the proliferation of transplanted breast cancer
cells (MCF-7) by increasing the expression
of genes encoding proapoptotic proteins and
reducing the activity of the Bcl-2 gene, which
inhibited the development of apoptosis. The
authors suggested that EPS MHM3 might
also activate apoptosis by increasing the
permeability of the mitochondrial membrane
and stimulate the release of cytochrome ¢ from
mitochondria to the cytosol. The advantage
of the strain B. velezensis MHM3 was that it
synthesized about 6 g/l of polysaccharide,
which was many times more than other marine
mesophiles.

Selective inhibition of cyclooxygenase
(COX) plays a key role in the treatment of
inflammatory diseases [75]. Therefore,
the development of potent COX inhibitors
is an urgent problem. Cyclooxygenases
are also involved in lipid metabolism. In
particular, they catalyze the oxygenation
of polyunsaturated fatty acids, especially
arachidonic with the formation of
prostaglandin, which is a regulator of
inflammatory processes. Prostaglandin can
stimulate the growth of tumor cells and
suppress the immune response. Also, COX
activates carcinogens. In [75] it was found
that the exopolysaccharide synthesized by
Bacillus amyloliquefaciens 3MS inhibited the
cyclooxygenase COX-1 and COX-2.

Inhibition of NO formation with selective
inhibitory properties of COX-2 activity
is considered a promising approach to the
treatment of various diseases associated
with inflammation, including cancer. EPS of
strain 3MS showed antitumor activity against
Ehrlich carcinoma [75].

Polysaccharides synthesized by
mesophilic members of the Bacillus genus had
antioxidant activity as well [74, 75]. Thus,
the level of neutralization of 2,2-diphenyl-
1-picrylhydrazyl radical (DFPG-), hydroxyl
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radical (‘OH) and superoxide anion (0O, ) at
the concentration of EPS strains MHMS3 and
3MS 500 and 1 000 ng/ml was 52.1-84.4 and
91.44-99.39%, respectively.

Antioxidant activity is also shown by EPS
strains of Halolactibacillus miurensis T7
(SEEN MKU3)[80].

Also, the EPS of mesophilic bacteria has
emulsifying and flocculating properties. Wang
et al. [78] isolated a bacterial strain Aerococcus
uriaeequi HZ, which synthesized EPS with high
flocculation activity. With the introduction
of 0.2 g of EPS in 100 ml of wastewater, the
flocculation index reached 79.90% . The level
of neutralization of hydroxyl radical (- OH)
and superoxide anion (O, ') at concentrations
of this EPS of 100 and 250 ng/ml, was 45.65
and 67.31% , respectively.

In [79] it was shown that the EPS of the
mesophilic bacterium Alteromonas sp. JL2810
due to its ability to bind metals, could be used
in the processes of biosorption of heavy metals
Cu?", Ni?* and Cr®" in the treatment of mining
and industrial waste.

Summarized information about the
exopolysaccharides of marine microorganisms
is given in table. 4. It is worthwhile to
note that, despite the synthesis by marine
microorganisms of exopolysaccharides with
unique properties, as substrates for their
production, carbohydrate raw materials are
used. In such case the concentration of the
target product is not high enough. Also, such
producers require complex mediums with high
salt content.

Metabolites with antimicrobial activity

Every year the number of publications on
the synthesis of antimicrobial compounds by
marine microorganisms increases [87-104].
The largest number of such studies are dated
to 2014-2015 [88]. Producers of metabolites
with antimicrobial activity are sea fungi of
the genus Beauveria [89], Aspergillus [90,
97, 99], Penicillium [91], Stachybotrys [93],
Trichoderma [94], Engyodontium [96] and
actinobacteria of the genus Streptomyces
[101-103]. These microorganisms synthesize
antimicrobial compounds of different chemical
nature, in particular xanthones polyketides
[96, 97], terpenoid derivatives [91],
butyrolactone [99], anglicycline antibiotics
[102, 103] and others.

In most studies, the researchers used
the minimum inhibitory concentration as
a criterion for antimicrobial activity of
metabolites, but in some works they applied
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Table 4. Synthesis of exopolysaccharides by marine microorganisms

g _, | Physico-chemical properties of —gnl
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. Source | T w0 ®E T e =
vation 8. o & B 2
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selection | carbon, | § % ) . ER-y .g < 2AE 3
pera- g/1 S chemical composition 839 > & B e b=
ture, °C 5% S 8~ == 2% =
o = MESa
Serum Glucose,mannose,
Zunong- (60.9%, galactose, xylose, fucose, Moisture retain-
wangia pro- | goawater 9.8 volume | 17.2 | . 8uct ; 3 760 | ing agent,anti- | [72]
funda frac- identifiable,carbohydrate oxidant
SM-A87 tion) (1:0.84:0.29:0.29:
0.05:0.06:0.21)
Colwellia N-acetylquinozoamine
psychrery- Glacier 4 Peptone,| unlj; an(_i two .galact- - Cryoprotectant | [76]
thraea 34H 5 uronic acid residues are
combined with alanine
Marine sedi- Glucose,galactose, fucose
Pseudomo | ™ nents of 11| Glueose | | (1:0.5:0.48). Available | 2 000 | CTYOProtectant, | gy
nas sp. Antarctica uronic acids
Flavobacte- Emulsifier,floc-
rium sp. Glacier 20-25 Glyggrol, 7.25 Glucc}sle.b%g? ctose - culant,cryopro- | [77]
ASB 3-3 o tectant
Aerococcus Flocculant,
. . Sucrose, D-mannose (10.71%) 2.84 moisture-re-
urigeequi Seawater 25 30 | 23%|  D.Glucose(66.99%) | x 10° | taining agent, |L[7®]
antioxidant
Pseudomo- Marine Glucosamine (35.4%), iﬁ%gﬁifﬁ
nas bottom 28 Peptone,| - rhamnose (28.6%), 190 orn T [83]
stutzeri . o biofilms,anti-
sediments 10 Glucose (27.2% ),mannose .
273 oxidant
Sediments Uronic acids and sulfate,
Bacillus of the Sucrose glucuronic acid, Glucose, Antitumor. anti-
velezen- coastal 25 50 | 5.8 fructose and rhamnose 1145 in flammaéor [74]
sis MHM3 zone with a molar ratio of v
4.00:2.00:1.00:0.13
) B o
Bacillus | Sediments Uronic acids (12'% %) Antioxidant,

. and sulfate (22.8%), s i
amyloliq of the 28 Glucose, | Glucose. galactose and _ anti-inflamma [75]
uefaciens coastal 20 ) »gala di 1 tory and antitu-

3MS zone glucuronic acid 1n molar mor activity
ratio 1.6:1.0:0.9
Antiviral,im-
. Fructose,fucose,Glucose munomodulatory
BaCLl?us Hydro- Sucrose, (1:0.75:0.28) and and anticytotox- (81,
lichenifor- thermal 50 50 0.366 " £ oalact . 1 000 . tivity. T 84,
s T14 vent races of galactosamine, ic activity. In- 85]
mis mannose hibits the forma-
tion of biofilms
Halolac- eft}:acgt(i)(fn Galactose (61.87%),
tibacillus of sea salt 39 Glucose, 2.5 Glucose (25.17% ), xylose, _ Antioxidant [80]
miurensis the coast ’ 20 : fructose, mannose, activity
T7 of India rhamnose
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Note: «<—» — no data.
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the IC;, (concentration of the substance that
caused the death of 50% of test culture cells)
[93, 94].

The authors [89] found that the compound
with the trivial name Flavipezine A (aromatic
butyrolactone synthesized by Aspergillus
flavipes AIL8) showed in addition to
antibacterial, both antiadhesive activity and
the ability to destroy the biofilm of S. aureus.

In [102] it was shown that the synthesis
of a new anglicycline antibiotic Stremycin
A with Streptomyces pratensis NA-ZhouS1
strain was observed in response to the so-
called “metallic” stress (the presence of
heavy metal salts NiCl,6H,0, CoCl,-6H,0,
ZnS0, 7H,0, CrCl;6H,0, MnCl,:6H,0). The
authors found that the action of NiCl,-6H,0
at a concentration of 100 um activated latent
genes clusters responsible for the synthesis of
this antibiotic.

The summarized data on the synthesis
of secondary metabolites with antimicrobial
activity by marine microorganisms is shown in
Table 5. As a rule, microorganisms synthesize
a complex of such compounds. However, the
component of the complex that exhibits the
highest antimicrobial activity is shown in
Table 5. These data indicates that the vast
majority of metabolites are characterized by
high antimicrobial activity against a wide
range of test cultures, namely minimum
inhibitory concentrations range from 0.25
to 16 ng/ml. Slightly lower antimicrobial
activity was found for compounds synthesized
by Streptomyces sp. G278 [103, 104] and
Engyodontium album DFFSCS021 [97].

To obtain most of the antimicrobial
metabolites, the cultivation of marine
microorganisms was carried out deeply, and
in [89, 96, 97, 99] solid-phase cultivation was
used. The use of carbohydrates as a source
of carbon nutrition for the production of
antimicrobial compounds at present may
be a deterrent to the organization of their
industrial production.

Metabolites with antitumor activity

The number of identified anti-cancer
compounds synthesized by marine
microorganisms is increasing every year. Their
cytotoxicity has been proven using different
tumor cell lines. Thus, in [90, 93, 96, 104—
118] it was found that secondary metabolites
synthesized by marine microorganisms
showed antitumor activity. Stachybocin B,
Engidontiumon H and (2R, 4bR, 6aS,
12bS, 12c¢S, 14a)-4b-deoxy-B-aflatrem were
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characterized by antimicrobial activity (see
Table 5) as well.

Most producers of antitumor compounds
are mycelial fungi of the genera Aspergillus
[90,104-106], Engyodontium [96],
Stachybotrys [93], Sarcopodium [108],
Penicillium [91, 109, 110], Lasiodiplodia
[111], Campylocarpon [112], Eutypell [113],
Acaromyces [116] and others. By the way, some
of them are endophytic fungi.

Identified compounds of marine
microorganisms have different mechanisms
of action on tumor cells in vitro. Thus, indole
diterpenoid synthesized by Aspergillus flavus
OUCMDZ-2205 exhibits cytotoxic activity in
a model of pulmonary epithelial carcinoma
(A549), stopping the cell cycle in phase S[90].

The tetranorditerpenoids wentilactone A
and B produced by Aspergillus wentii EN-48
were found to induce mitochondrial apoptosis
of cancer cells in a model of lung cancer and
hepatoma in vitro. These compounds activated
the Ras/Raf/ERK pathway, which initiated
apoptosis and G2/M phase delay during
tumor cell proliferation [106, 107]. Xu et
al. [105] found that Aspergillus dimorphicus
SD317 can produce wentilactone A and B. The
authors optimized the cultivation conditions
of strain SD317. As a result, the concentration
of wentilactone A and B in the culture fluid
increased by 11 times and was 13.4 and
6.5 mg/1, respectively. The optimal conditions
for the synthesis of these compounds were as
follows: pH 7.3, salinity 24.5%0, duration of
cultivation 27 days at a temperature of 23 °C.
Moreover, it was found that introduction of
3% methanol in the nutrient medium could also
stimulate the synthesis of wentilactone [105].

Stemphylium globuliferum cells (strain
number was not shown) produce altersolanol Q
and 10-methyl altersolanol Q[114], Phomopsis
sp. PM0409092 — altersolanol A [115], which
exhibited antitumor activity in vitro in a mouse
lymphoma model. Their cytotoxic activity was
established using 34 human cancer cell lines.
The mean IC;, and IC,, values were 0.005 and
0.024 png/ml, respectively. Altersolanol A is
a kinase inhibitor that induces cell death by
apoptosis via a caspase-dependent pathway.
The antitumor activity of these compounds is
associated with pro-apoptotic and anti-invasive
activity, which is manifested in the inhibition
of the transcriptional activity of NF-kB [114,
115].

In [109] it was shown that the fungi
Penicillium brocae MA-231 synthesize
brocazines A, B, E and F, which show cytotoxic
activity to various cancer cell lines. Brocazines
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Table 5. Synthesis of antimicrobial metabolites by marine microorganisms

5% ®
T | s | B
Source of 8 g &) = =t
Producer selection £S Compound. Type Test culture E P R =
% § R g
© -
Engyodon- Marine R . . o .
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DFFSCS021 | sediments ¥ Llus subtier 32.0
Sea
Aspergillus sponge 5-Methoxides- Staphylococcus au- 12.5
versicolor Hyme- Rice * hydrosterigmatocystine reus 3 1'2 5 - [97]
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Aspergillus plant Rice * Flavipezine A phy 8.0 _ [99]
flavipes AIL8 | Acanthus butyrolactone B .llreus btili 0.25
ilicifolius aciilus suotiiLs
Aspergillus Shrimp Glucose10| (2R.4bR.6aS.12bS.
flavus OUC- Penaeus Hrf;fﬁio 1208.14?1)-4:b-deoxy-[-5- Staphyl;)coccus au- 3{21\?{ B [90]
MDZ-2205 vannamei . atlatrem eus
20 indole diterpenoid
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Stachybotrys Seawater Glucose Stachybocin B Bac?lelzzlﬁibstilis - i Zg [93]
sp. MF347 10 Bicyclic sesquiterpene Staphylococeus au- 1.75
reus MRSA
Staphylococcus epi- 94.98
Trichoderma Glucose Trichodin A dermidis _ )
sp. MF106 | Seawater | "y, Pyridines Bacillus subtilis 27.05 | [94]
. 8 25.38
Candida albicans
Beauveria s Desmethylizalidine C1 . . _
felina EN-135 Moss Rice * cyclohexadepsipeptide Escherichia coli 8 [89]
L Mangrove . . .
Penicillium plant Glucose Pt'anlclbrjocazm' C Staphylococcus 0.25
brocae MA- Avicennia 20 Diketopiperazine aureus 0.95 _ [91]
231 . sulfide derivatives Micrococcus luteus ’
marina
Diaportha- Dextrose- Diaportalalazine
ceae sp. S S:I? o potato five-cyclic Sta;; hy lo&of(égg au- 2 - [92]
PSU-SP2/4 pong broth cytochalasin eus
Pseudomonas aeru- 16
ginosa
Streptomyces Stremycin A Staphy l;)coccus auw 16 B
pratensis Seawater | Starch 20 | Angicycline polyketide Klebsi lle us i 16 [102]
NA-ZhouS1 antibiotic evstetta pneumo
nia 16
Escherichia coli 8-16
Bacillus subtilis
Streptomyces Vinomycin Al Staphylococcus au- _
sp. AGLT | Seawater - Angicillin antibiotic reus 4 [103]
Echino- S ?scher;'lc hia ;‘Ol? 64
Strept derms 2.5-Bis (5-tert-butyl- | "o MMIEET e | 256 | _
repromyces | folothu- | Starch 10 2-benzoxazolyl) apiytococcus a 256 [101]
sp. G278 ; . reus
ria thiophene . 256
. Enterococcus faecalis
edulis ; , 64
Candida albicans

Note: «*» — solid phase cultivation; «<—» — no data.
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Table 6. Antitumor activity of secondary metabolites synthesized by marine microorganisms

o
1
=
Source of Source of Grafting cell =
Producer selection carbon, g/1 Compound. Type culture 1C50, BM E
=
Acqromy " Dextrose- Acaromyqin A Nl\éII(?IF{‘ZGO 615
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sp. MF347 Seawater Glucose, 10 Bicyclic sesquiterpene HepG2 17.87 [93]
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sp. PR19N-1 | of Antarctica sesquiterpene Ab549 5.2
Dul4b 1.7-11.2
HeLa 4.3-6.9
. HepG2 2.9-6.4
Penicillium Mi?ggg ve Dextrose- B]S(i)lggtz(;gié;]:;?ﬁ;‘ MCF-7 8.0-9.0
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Avicennia potato broth derivatives
231 marina SGC-7901 2.4-8.0
SW1990 2.1-6.4
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Table 6 (End)

®
Source of Source of Grafting cell = £
Producer selection carbon, g/1 Compound. Type culture IC50, 1M :‘E 2
Mangrove Campyridone D
Campylo- plfnt Glucose,10 Pyridone alkaloid 8.8
carpon sp. Sonneratia Maltose, 20 — HeLa [112]
HDN13-307 . Mannitol,20 Hicicolin H 4.7
caseolaris Pyridone alkaloid :
K562 6.2
A549 1.1
H1975 14.2
. 10-phenyl-[12]-
Arthriin.zu'm S;%;g&?l%e Sorbitol, 20 cytochalazine Z16 1\609277 183'5 [117]
arunaints Maltose, 20 Aminopolyketide
ZSDS1-F3 fusca BGC823 18.8
HL60 6.2
HeLa 3.2
MOLT-4 4.1
) N Glucose, 10 Simplicilliumtide A
Simplicillium Maltose. 20 Linear peptide HL60 64.7
obclavatum Deep waters Mannitoi 20 Simolicilliumtide B [118]
’ implicilliumtide
EIODSF020e Starch 0.5 LiI;lear peptide K562 39.4

Note: «*» — strain number is not given; «**» — solid phasecultivation; «—» — no data; IC5y — cytotoxicity
index; the concentration of the compound that causes 50% lysis of the monolayer of cancer cell.

A and B showed high antitumor activity to
the SW480 cell line (IC5, 2.0 and 1.2 pM,
respectively), while brocazine F — to the
DU145 and NCI-H460 cell lines (IC5, 1.7 and
0.89 uM in accordance).

Over the past eight years, a number of
antitumor compounds synthesized by marine
microorganisms have been identified (Table 6).
By chemical nature, it is a diverse group of
compounds, including tetranorditerpenoids
[105—-107], scopararane I [113], engidontium
H [96], stachybocin B [93], campyridone D
[115], anthraquinone derivatives [114-116,
119] and diketopiperazine [109], peptides
[118], and others. Their anti-cancer effect
has been shown in various models of in vitro
tumors — breast adenocarcinoma [104, 109,
113, 116, 117], hepatocellular carcinoma
[93, 109, 116], leukemia [108, 110, 117,
118], cervical cancer. [104, 109, 112, 117],
lungs [90, 110, 117] and others.

Despite a large number of newly identified
microbial compounds, only some of them showed
better antitumor activity compared to standard
anticancer drugs [119]. However, taking into
account the chemical diversity of metabolites of
marine microorganisms, it could be assumed that
rational derivatization could lead to compounds
with a wide range of antitumor activity.

Thus, the analysis of literature data showed
that marine microorganisms synthesize a
wide range of practically valuable enzymes,
surfactants, exopolysaccharides, as well as

secondary metabolites with diverse biological
activity (antimicrobial, antitumor, cytotoxic).
However, at present, they can hardly be
considered as potential biological agents for
use in biotechnological processes. There are
several reasons for this.

Firstly, in most studies, researchers do not
provide indicators of the synthesis of a target
product, and the ability to synthesize it is often
established based on qualitative reactions. If
in some works the concentrations of certain
metabolites (in g/1) are indicated, they are
significantly lower than those synthesized by
existing industrial strains.

Secondly, marine organisms synthesize
practically valuable metabolites growing on
expensive carbohydrate substrates (Table 1,
2, 4—6). There are only isolated reports of the
use of industrial wastes for example for the
synthesis of surfactant lipopeptides (Table 2).
Also, high-value complex nutrient media are
often used to cultivate marine microorganisms.

Thirdly, in many studies, researchers,
have established the ability of marine
microorganisms to form a specific target
product, do not try to optimize at least the
composition of the nutrient medium to
increase its synthesis or scale the process of
biosynthesis to fermentation equipment.

To predict the possible organization
of industrial production with the use of
marine microorganisms as producers in the
nearest future, it might be biotechnology for
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the production of hydrolytic enzymes that
decompose plant and algal polymers. The need
for such enzymes is due to the use of plant
biomass in biofuel production. Also, the genetic
potential of marine microorganisms can be used
in biotechnology as a source of genes encoding
the synthesis of new biologically active
substances with unique properties, including
antimicrobial and antitumor.

REFERENCES

1. Kamjam M., Sivalingam P., Deng Z., Hong K.
Deep Sea Actinomycetes and Their Secondary
Metabolites. Front. Microbiol. 2017,
V. 8, P. 760. https://doi.org/10.3389/
fmich.2017.00760

2. Kamala K., Sivaperumal P. Biomedical
Applications of Enzymes from Marine
Actinobacteria. Adv. Food Nutr. Res. 2017, V.
80, P. 107-123. https://doi.org/10.1016/
bs.afnr.2016.11.002

3. Subramani R., Sipkema D. Marine Rare
Actinomycetes: A Promising Source of
Structurally Diverse and Unique Novel
Natural Products. Mar. Drugs. 2019, 17 (5),
249. https://doi.org/10.3390/md17050249

4. Hasan S., Ansari M. 1., Ahmad A., Mishra M.
Major bioactive metabolites from marine fungi:
A Review. Bioinformation. 2015, 11 (4), 176—
181. https://doi.org/10.6026,/97320630011176.

5.Jin L., Quan C., Hou X., Fan S. Potential
Pharmacological Resources: Natural Bioactive
Compounds from Marine-Derived Fungi.
Mar. Drugs. 2016, 14 (4), 76. https://doi.
org/10.3390/md14040076

6. Mahajan P. M., Nayak S., Lele S. S. Fibrinolytic
enzyme from newly isolated marine bacterium
Bacillus subtilis ICTF-1: media optimization,
purification and characterization. J. Biosci.
Bioeng. 2012, 113 (3), 307-314. https://doi.
org/10.1016/j.jbiosc.2011.10.023

7.Imhoff J. F. Natural Products from Marine
Fungi — Still an Underrepresented Resource.
Mar. Drugs. 2016, 14 (1), 19. https://doi.
org/10.3390/md14010019

8. Corinaldesi C., Barone G., Marcellini F.,
Dell’Anno A., Danovaro R. Marine Microbial-
Derived Molecules and Their Potential Use
in Cosmeceutical and Cosmetic Products.
Mar. Drugs. 2017, 15 (4), 118. https://doi.
org/10.3390/md15040118

9. Dhakal D., Pokhrel A. R., Shrestha B.,
Sohng J. K. Marine Rare Actinobacteria:
Isolation, Characterization, and Strategies
for Harnessing Bioactive Compounds. Front.
Microbiol. 2017, V. 8, P. 1106. https://doi.
org/10.3389/fmicb.2017.01106

10. Tortorella E., Tedesco P., Palma Esposito F.,

January G. G., Fani R., Jaspars M., de

22

The research was carried out under the
project of the Ministry of Education and
Science of Ukraine “Complex microbial
preparations for multifunctional purposes:
from regulation of biosynthesis and properties
to prospects of practical use» (2019-2021),
State registration of R&D: 0119U002575.

Pascale D. Antibiotics from Deep-Sea
Microorganisms: Current Discoveries and
Perspectives. Mar. Drugs. 2018, 16 (10), 355.
https://doi.org/10.3390/md16100355

11. Casillo A., Lanzetta R., Parrilli M., Corsaro M. M.
Exopolysaccharides from Marine and
Marine Extremophilic Bacteria: Structures,
Properties, Ecological Roles and
Applications. Mar. Drugs. 2018, 16 (2), 69.
https://doi.org/10.3390/md16020069

12. BluntJ.W.,Carroll A. R., Copp B. R., Davis R. A.,
Keyzers R. A., Prinsep M. R. Marine natural
products. Nat. Prod. Rep. 2018, 35 (1), 8—53.
https://doi.org/10.1039/c7np00052a

13. Khalifa S.A. M., Elias N., Farag M. A., Chen L.,
Saeed A., Hegazy M. E. F., Moustafa M. S., El-
Wahed A. A., Al-Mousawi S. M., Musharraf
S. G., Chang F. R., Iwasaki A., Suenaga K.,
Alajlani M., Géransson U., El-Seedi H. R.
Marine Natural Products: A Source of Novel
Anticancer Drugs. Mar. Drugs. 2019, 17 (9),
491. https://doi.org/10.3390/md17090491

14. Kasanah N., Triyanto T. Bioactivities of
Halometabolites from Marine Actinobacteria.
Biomolecules. 2019, 9 (6), 225. https://doi.
org/10.3390/biom9060225

15. Karpinski T. M. Marine Macrolides with
Antibacterial and/or Antifungal Activity.
Mar. Drugs. 2019, 17 (4), 241. https://doi.
org/10.3390/md17040241

16. Birolli W. G., Lima R. N., Porto A. L. M.
Applications of Marine-Derived
Microorganisms and Their Enzymes in
Biocatalysis and Biotransformation,
the Underexplored Potentials. Front.
Microbiol. 2019, V. 10, P. 1453. https://doi.
org/10.3389/fmich.2019.01453

17. Barzkar N., Tamadoni Jahromi S., Poorsahe-
li H. B., Vianello F. Metabolites from Marine
Microorganisms, Micro, and Macroalgae:
Immense Scope for Pharmacology. Mar.
Drugs. 2019, 17 (8), 464. https://doi.
org/10.3390/md17080464

18. Carroll A. R., Copp B. R., Davis R. A.,
Keyzers R. A., Prinsep M. R. Marine natural
products. Nat. Prod. Rep. 2019, 36 (1), 122—
173. https://doi.org/10.1039/c¢8np00092a

19. De Almeida D. G., Soares Da Silva R.C., Luna dJ.
M., Rufino R. D., Santos V. A., Banat I. M.,



Reviews

20.

21.

22.

23.

24.

25.

26.

27.

28.

Sarubbo L. A. Biosurfactants: promising
molecules for petroleum biotechnology
advances. Front. Microbiol. 2016, V. 7,
P. 1718. https://doi.org/10.3389/
fmich.2016.01718

Vecino X., Rodriguez-Lopez L., Ferreira D.,
Cruz J. M., Moldes A. B., Rodrigues L. R.
Bioactivity of glycolipopeptide cell-bound
biosurfactants against skin pathogens.
Int. J. Biol. Macromol. 2018, V. 109, P.
971-979. https://doi.org/10.1016/j.
ijbiomac.2017.11.088

Naughton P. J., Marchant R., Naughton V.,
Banat I. M. Microbial biosurfactants: current
trends and applications in agricultural
and biomedical industries. J. Appl.
Microbiol. 2019, 27 (1), 12—-28. https://doi.
org/10.1111/jam.14243

Marzban A., Ebrahimipour G., Danesh A.
Bioactivity of a Novel Glycolipid Produced
by a Halophilic Buttiauxella sp. and
Improving Submerged Fermentation Using
a Response Surface Method. Molecules.
2016, 21 (10). https://doi.org/10.3390/
molecules21101256

Dusane D. H., PawarV.S., Nancharaiah Y. V.,
VenugopalanV. P., Kumar A. R., Zinjarde S. S.
Anti-biofilm potential of a glycolipid
surfactant produced by a tropical marine
strain of Serratia marcescens. Biofouling.
2011, 27 (6), 645—-654. https://doi.org/10.1
080/08927014.2011.594883

Hamza F., Kumar A. R., Zinjarde S.
Coculture induced improved production of
biosurfactant by Staphylococcus lentus SZ2:
Role in protecting Artemia salina against
Vibrio harveyi. Enzyme Microb. Technol.
2018, V. 114, P. 33-39. https://doi.
org/10.1016/j.enzmictec.2018.03.008
Balan S. S., Mani P., Kumar C. G.,
Jayalakshmi S. Structural characterization
and biological evaluation of Staphylosan
(dimannooleate), a new glycolipid surfactant
produced by a marine Staphylococcus
saprophyticus SBPS-15. Enzyme Microb.
Technol. 2019, V. 120, P. 1-7. https://doi.
org/10.1016/j.enzmictec.2018.09.008
Manivasagan P., Sivasankar P., Venkatesan .,
Sivakumar K., Kim S. K. Optimization,
production and characterization of glyco-
lipid biosurfactant from the marine
actinobacterium, Streptomyces sp. MAB36.
Bioprocess Biosyst. Eng. 2014, 37 (5), 783—-797.
https://doi.org/10.1007/s00449-013-1048-6
Wang W., Cai B., Shao Z. Oil degradation
and biosurfactant production by the deep
sea bacterium Dietzia maris As-13-3. Front.
Microbiol. 2014, V. 5, P. 711. https://doi.
org/10.3389/fmich.2014.00711

Hu X., Wang C., Wang P. Optimization and
characterization of biosurfactant production

29.

30.

31.

32.

33.

34.

35.

36.

37.

from marine Vibrio sp. strain 3B-2. Front
Microbiol. 2015, V. 6, P. 976. https://doi.
org/10.3389/fmicbh.2015.00976

Roy S.,ChandniS., Das 1., Karthik L., KumarG.,
Bhaskara Rao K.V. Aquatic model for engine
oil degradation by rhamnolipid producing
Nocardiopsis VITSISB. 3 Biotech. 2015, 5 (2),
153-164. https://doi.org/10.1007/s13205-
014-0199-8

Dhasayan A., Kiran G. S., Selvin J.
Production and characterisation of
glycolipid biosurfactant by Halomonas sp.
MB-30 for potential application in enhanced
oil recovery. Appl. Biochem. Biotechnol.
2014, 174 (7), 2571-2584. https://doi.
org/10.1007/s12010-014-1209-3
Luepongpattana S., Thaniyavarn J.,
Morikawa M. Production of massoia lactone
by Aureobasidium pullulans YTP6-14 isolated
from the Gulf of Thailand and its fragrant
biosurfactant properties. J. Appl. Microbiol.
2017, 123 (6), 1488-1497. https://doi.
org/10.1111/jam.13598

White D. A., Hird L. C., Ali S. T. Production
and characterization of a trehalolipid
biosurfactant produced by the novel marine
bacterium Rhodococcus sp., strain PML026.
J. Appl. Microbiol. 2013, 115 (3), 744-755.
https://doi.org/10.1111/jam.12287

Santos D. K., Rufino R. D., Luna J. M.,
Santos V. A., Sarubbo L. A. Biosurfactants:
multifunctional biomolecules of the 21st
century. Int. J. Mol. Sci. 2016, 17 (3), 401.
https://doi.org/10.3390/ijms17030401
Mani P., Sivakumar P., Balan S. S. Economic
Production and Oil Recovery Efficiency of
a Lipopeptide Biosurfactant from a Novel
Marine Bacterium Bacillus simplex. Achiev.
Life Sci. 2016, 10 (1), 102-110. https://doi.
org/10.1016/j.als.2016.05.010

Hentati D., Chebbi A., Hadrich F., Frikha I.,
Rabanal F., Sayadi S., Manresa A., Cham-
kha M. Production, characterization and
biotechnological potential of lipopeptide
biosurfactants from a novel marine
Bacillus stratosphericus strain FLUS.
Ecotoxicol. Environ. Saf. 2019, V. 167,
P. 441-449. https://doi.org/10.1016/j.
ecoenv.2018.10.036

Vilela W. F., Fonseca S. G., Fantinatti-
Garboggini F., Oliveira V. M., Nitschke M.
Production and properties of a surface-
active lipopeptide produced by a new marine
Brevibacterium luteolum strain. Appl.
Biochem. Biotechnol. 2014, 174 (6), 2245—
2256. https://doi.org/10.1007/s12010-014-
1208-4

Kiran G. S., Priyadharsini S., Sajayan A.,
Priyadharsini G. B., Poulose N., Selvin J.
Production of Lipopeptide Biosurfactant by a
Marine Nesterenkonia sp. and Its Application

23



BIOTECHNOLOGIA ACTA, V. 13, No 3, 2020

38.

39.

40.

41.

42.

43.

44.

45.

46.

24

in Food Industry. Front. Microbiol. 2017,
V. 8, P. 1138. https://doi.org/10.3389/
fmicb.2017.01138

Janek T., Krasowska A., Radwanska A.,
fukaszewicz M. Lipopeptide biosurfactant
pseudofactin II induced apoptosis of
melanoma A 375 cells by specific interaction
with the plasma membrane. PLoS One. 2013,
8 (3), €57991. https://doi.org/10.1371/
journal.pone.0057991

Balan S. S., Kumar C. G., Jayalakshmi S.
Aneurinifactin, a new lipopeptide
biosurfactant produced by a marine
Aneurinibacillus aneurinilyticus SBP-11
isolated from Gulf of Mannar: Purification,
characterization and its biological evaluation.
Microbiol. Res. 2017, V. 194, P. 1-9. https://
doi.org/10.1016/j.micres.2016.10.005
Deng M. C., Li J., Hong Y. H.,, Xu X. M.,
ChenW.X.,Yuand.P., Pengd., Yi M., Wang J. H.
Characterization of a novel biosurfactant
produced by marine hydrocarbon-degrading
bacterium Achromobacter sp. HZO1. J. Appl.
Microbiol. 2016, 120 (4), 889-899. https://
doi.org/10.1111/jam.13065

Lawrance A., Balakrishnan M., Joseph T. C.,
Sukumaran D. P., Valsalan V. N., Gopal D.,
Ramalingam K. Functional and molecular
characterization of a lipopeptide surfactant
from the marine sponge-associated eubacteria
Bacillus licheniformis NIOT-AMKV06 of
Andaman and Nicobar Islands, India. Mar.
Pollut. Bull. 2014, 82 (1-2), 76—85. https://
doi.org/10.1016/j.marpolbul.2014.03.018
Janek T., Ltukaszewicz M., Rezanka T.,
Krasowska A. Isolation and characterization
of two new lipopeptide biosurfactants
produced by Pseudomonas fluorescens
BD5 isolated from water from the Arctic
Archipelago of Svalbard. Bioresour. Technol.
2010, 101 (15), 6118-6123. https://doi.
org/10.1016/j.biortech.2010.02.109

Janek T., Lukaszewicz M., Krasowska A.
Antiadhesive activity of the biosurfactant
pseudofactin II secreted by the Arctic
bacterium Pseudomonas fluorescens BD5.
BMC Microbiol. 2012, V. 12, P. 24. https://
doi.org/10.1186/1471-2180-12-24

Raddadi N., Giacomucci L., Totaro G., Fava F.
Marinobacter sp. from marine sediments
produce highly stable surface-active agents
for combatting marine oil spills. Microb.
Cell Fact. 2017, 16 (1), 186. https://doi.
org/10.1186/s12934-017-0797-3

Saggese A., Culurciello R., Casillo A., Corsaro M. M.,
Ricca E., Baccigalupi L. A Marine Isolate of Bacillus
pumilus Secretes a Pumilacidin Active against
Staphylococcus aureus. Mar. Drugs. 2018, 16 (6),
180. https://doi.org/10.3390/md16060180

Ma Z., Hu J. Plipastatin A1l produced
by a marine sediment-derived Bacillus

47.

48.

49.

50.

51.

52.

53.

54.

amyloliquefaciens SH-B74 contributes to
the control of gray mold disease in tomato.
Biotech. 2018, 8 (2), 125. https://doi.
org/10.1007/s13205-018-1144-z

Twigg M. S., Tripathi L., Zompra A., Salek K.,
Irorere V. U., Gutierrez T., Spyroulias G. A.,
Marchant R., Banat I. M. Identification and
characterisation of short chain rhamnolipid
production in a previously uninvestigated,
non-pathogenic marine pseudomonad. Appl.
Microbiol. Biotechnol. 2018, 102 (19), 8537—
8549. https://doi.org/10.1007/s00253-018-
9202-3

Du J., Zhang A., Zhang X., Si X., Cao J.
Comparative analysis of rhamnolipid
congener synthesis in neotype Pseudomonas
aeruginosa ATCC 10145 and two marine
isolates. Bioresour. Technol. 2019, V. 286,
P. 121380. https://doi.org/10.1016/j.
biortech.2019.121380

Wu S., Liu G., Zhou S., Sha Z., Sun C.
Characterization of Antifungal Lipopeptide
Biosurfactants Produced by Marine
Bacterium Bacillus sp. CS30. Mar. Drugs.
2019, 17 (4), 199. https://doi.org/10.3390/
md17040199/

Kubicki S., Bollinger A., Katzke N.,Jaeger K. E.,
Loeschcke A., Thies S. Marine Biosurfactants:
Biosynthesis, Structural Diversity and
Biotechnological Applications. Mar. Drugs.
2019, 17 (7), 408. https://doi.org/10.3390/
md17070408

Jasti L. S., Dola S. R., Fadnavis N. W.,
Addepally U., Daniels S., Ponrathnam S.
Co-immobilized glucose oxidase and
B-galactosidase on bovine serum albumin
coated allyl glycidyl ether (AGE)-ethylene
glycol dimethacrylate (EGDM) copolymer
as a biosensor for lactose determination in
milk. Enzyme Microb. Technol. 2014, V. 64—
65, P. 67-73. https://doi.org/10.1016/j.
enzmictec.2014.07.005

Alikkunju A. P, Sainjan N., Silvester R.,JJoseph A.,
Rahiman M., Antony A. C., Kumaran R. C.,
Hatha M. Screening and Characterization
of Cold-Active B-Galactosidase Producing
Psychrotrophic Enterobacter ludwigii from
the Sediments of Arctic Fjord. Appl. Biochem.
Biotechnol. 2016, 180 (3), 477-490. https://
doi.org/10.1007/s12010-016-2111-y

Ghosh M., Pulicherla K. K., Rekha V. P.,
Raja P. K., Sambasiva Rao K. R. Cold active
B-galactosidase from Thalassospira sp. 3SC-
21 to use in milk lactose hydrolysis: a novel
source from deep waters of Bay-of-Bengal.
World J. Microbiol. Biotechnol. 2012, 28 (9),
2859-2869. https://doi.org/10.1007/
$11274-012-1097-z

Nam E., Ahn J. Antarctic marine bacterium
Pseudoalteromonas sp. KNOUCS808 as a
source of cold-adapted lactose hydrolyzing



Reviews

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

enzyme. Braz. J. Microbiol. 2011, 42 (3),
927-936. https://doi.org/10.1590/S1517-
838220110003000011

Sun J., Yao C., Wang W., Zhuang Z., Liu .,
Dai F., Hao J. Cloning, Expression and
Characterization of a Novel Cold-adapted
B-galactosidase from the Deep-sea Bacterium
Alteromonas sp. ML52. Mar. Drugs. 2018,
16 (12), 469. https://doi.org/10.3390/
md16120469

LiS.,Zhu X., Xing M. A New B-Galactosidase
from the Antarctic Bacterium Alteromonas
sp. ANT48 and Its Potential in Formation
of Prebiotic Galacto-Oligosaccharides. Mar.
Drugs. 2019, 17 (11), 599. https://doi.
org/10.3390/md17110599

Bruno S., Coppola D., di Prisco G., Giordano D.,
Verde C. Enzymes from Marine Polar Regions
and Their Biotechnological Applications.
Mar. Drugs. 2019, 17 (10), 544. https://doi.
org/10.3390/md17100544

Jiang T., Huang M., He H., Lu J., Zhou X.,
Cai M., Zhang Y. Bioprocess exploration
for thermostable a-amylase production of
a deep-sea thermophile Geobacillus sp. in
high-temperature bioreactor. Prep. Biochem.
Biotechnol. 2016, 46 (6), 620—-627. https://
doi.org/10.1080/10826068.2015.1128444
Uttatree S., Charoenpanich J. Purification
and characterization of a harsh conditions-
resistant protease from a new strain of
Staphylococcus saprophyticus. Agric. Nat.
Resour. 2018, V. 52, P. 16—23. https://doi.
org/10.1016/j.anres.2018.05.001

Yagi H., Fujise A., Itabashi N., Ohshiro T.
Purification and characterization of a novel
alginate lyase from the marine bacterium
Cobetia sp. NAP1 isolated from brown alga.
Biosci. Biotechnol. Biochem. 2016, 80 (12),
2338-2346. https://doi.org/10.1080/09168
451.2016.1232154

Zhu B., Ni F., Sun Y., Yao Z. Expression and
characterization of a new heat-stable endo-
type alginate lyase from deep-sea bacterium
Flammeovirga sp. NJ-04. Extremophiles.
2017, 21 (6), 1027-1036. https://doi.
org/10.1007/s00792-017-0962-y

Zhu B.W.,SunY., Ni F., Ning L. M., Yao Z.
Characterization of a new endo-type
alginate lyase from Vibrio sp. NJU-03.
Int. J. Biol. Macromol. 2018, V. 108,
P. 1140-1147. https://doi.org/10.1016/j.
ijbiomac.2017.10.164

ZhuX.Y.,Li X.Q., Shi H., Zhou J., Tan Z. B.,
Yuan M. D.,Yao P., Liu X. Characterization of
anovel alginate lyase from marine bacterium
Vibrio furnissii H1. Mar. Drugs. 2018, 16 (1),
30. https://doi.org/10.3390/md16010030
Gomaa M., Fawzy M. A., Hifney A. F., Abdel-
gawad K. M. Optimization of enzymatic
saccharification of fucoidan and alginate

65.

66.

67.

68.

69.

70.

71.

72.

from brown seaweed using fucoidanase
and alginate lyase from the marine fungus
Dendryphiella arenaria. J. Appl. Phycol.
2018, V. 31, P. 1955-1965. https://doi.
org/10.1007/s10811-018-1685-x

Leema Roseline T., Sachindra N. M.
Characterization of extracellular agarase
production by Acinetobacter junii PS12B,
isolated from marine sediment. Biocatal.
Agri. Biotechnol. 2016, V. 6, P. 219-226.
Leema Roseline T., Sachindra N. M.
Purification and Characterization of Agarase
from Marine Bacteria Acinetobacter sp.
PS12B and Its Use for Preparing Bioactive
Hydrolysate from Agarophyte Red Seaweed
Gracilaria verrucosa. Appl. Biochem.
Biotechnol. 2018, 186 (1), 66 84. https://doi.
org/10.1007/s12010-018-2726-2

Gomaa M., Hifney A. F., Fawzy M. A., Abdel-
Gawad K. M. Statistical optimization of
culture variables for enhancing agarase
production by Dendryphiella arenaria
utilizing Palisada perforata (Rhodophyta)
and enzymatic saccharification of the
macroalgal biomass. Mar. Biotechnol. 2017,
V.19, P. 592-600. https://doi.org/10.1007/
$10126-017-9778-0

Dos Santos J. A., Vieira J. M. F., Videira A.,
Meirelles L. A., Rodrigues A., Taniwaki M. H.,
Sette L. D. Marine-derived fungus
Aspergillus cf. tubingensis LAMAI 31: a new
genetic resource for xylanase production.
AMB Express. 2016, 6 (1), 25. https://doi.
org/10.1186/s13568-016-0194-z
Balabanova L., Slepchenko L., Son O.,
Tekutyeva L. Biotechnology Potential of
Marine Fungi Degrading Plant and Algae
Polymeric Substrates. Front. Microbiol. 2018,
V. 9, P. 1527. https://doi.org/10.3389/
fmicb.2018.01527

Passarini M. R., Ottoni C.A., Santos C., Lima N.,
Sette L. D. Induction, expression and
characterisation of laccase genes from the
marine-derived fungal strains Nigrospora
sp. CBMAI 1328 and Arthopyrenia sp. CBMAI
1330. AMB Express. 2015, V. 5, P. 19.
https://doi.org/10.1186/s13568-015-0106-7
Cardozo F. A., Gonzalez J. M., Feitosa V. A.,
Pessoa A., Rivera I. N. G. Bioconversion of
a-chitin into N-acetyl-glucosamine using
chitinases produced by marine-derived
Aeromonas caviae isolates. World .
Microbiol. Biotechnol. 2017, 33 (11), 201.
https://doi.org/10.1007/s11274-017-2373-8
Sun M. L., Liu S. B., Qiao L. P., Chen X. L.,
Pang X., Shi M., Zhang X. Y., Qin Q. L.,
Zhou B. C., Zhang Y. Z., Xie B. B. A novel
exopolysaccharide from deep-sea bacterium
Zunongwangia profunda SM-A87: low-
cost fermentation, moisture retention,
and antioxidant activities. Appl. Microbiol.

25



BIOTECHNOLOGIA ACTA, V. 13, No 3, 2020

73.

74.

75.

76.

7.

78.

79.

80.

81.

26

Biotechnol. 2014, 98 (17), 7437-7445.
https://doi.org/10.1007/s00253-014-5839-8
Pirog T. P., Voronenko A. A., Ivakhniuk M. O.
Non-traditional producers of microbial
exopolysaccharides. Biotechnol. acta. 2018,
11 (4), 5-27. https://doi.org/10.15407/
biotech11.04.005

Mahgoub A. M., Mahmoud M. G., Selim M. S.,
El Awady M. E. Exopolysaccharide from
Marine Bacillus velezensis MHM3 Induces
Apoptosis of Human Breast Cancer MCF-
7 Cells through a Mitochondrial Pathway.
Asian Pac. J. Cancer Prev. 2018, 19 (7),
1957-1963. https://doi.org/10.22034/
APJCP.2018.19.7.1957/

El-Newary S. A., Ibrahim A. Y., Asker M. S.,
Mahmoud M. G., El Awady M. E. Production,
characterization and biological activities
of acidic exopolysaccharide from marine
Bacillus amyloliquefaciens 3MS 2017.
Asian Pac. J. Trop. Med. 2017, 10 (7),
652-662. https://doi.org/10.1016/j.
apjtm.2017.07.005

Marx J. G., Carpenter S. D., Deming J. W.
Production of cryoprotectant extracellular
polysaccharide substances (EPS) by the
marine psychrophilic bacterium Colwellia
psychrerythraea strain 34H under extreme
conditions. Can. J. Microbiol. 2009, 55 (1),
63—"72. https://doi.org/10.1139/W08-130
Sathiyanarayanan G., Yi D.-H., Bhatia S. K.,
Kim J.-H., Seo H. M, Kim Y.-G., Park S.-H.,
Jeon D., Jung S., Jung J.-Y., Lee Y. K., Yang
Y. H. Exopolysaccharide from psychrotrophic
Arctic glacier soil bacterium Flavobacterium
sp. ASB 3-3 and its potential applications.
RSC Adv. 2015, 5 (103), 84492-84502.
https://doi.org/10.1039/C5RA14978A
Wang C., Fan ., Zhang X., Lu X., Xu Y.,
Zhu W., Zhang J., Hao W., Hao L. Isolation,
Characterization, and Pharmaceutical
Applications of an Exopolysaccharide from
Aerococcus uriaeequi. Mar. Drugs. 2018,
16 (9), 337. https://doi.org/10.3390/
md16090337

Zhang Z., Cai R., Zhang W., Fu Y., Jiao N.
A Novel Exopolysaccharide with Metal
Adsorption Capacity Produced by a Marine
Bacterium Alteromonas sp. JL2810. Mar.
Drugs. 2017, 15 (6), 175. https://doi.
org/10.3390/md15060175

Arun J., Selvakumar S., Sathishkumar R.,
Moovendhan M., Ananthan G., Maruthiah T.,
Palavesam A. In vitro antioxidant
activities of an exopolysaccharide from
a salt pan bacterium Halolactibacillus
miurensis. Carbohydr. Polym. 2017, V. 155,
P. 400-406. https://doi.org/10.1016/j.
carbpol.2016.08.085

Spano A., Lagana P., Visalli G., Maugeri T. L.,
Gugliandolo C. In Vitro Antibiofilm Activity

82.

83.

84.

85.

86.

87.

88.

89.

90.

of an Exopolysaccharide from the Marine
Thermophilic Bacillus licheniformis T14.
Curr. Microbiol. 2016, 72 (5), 518-528.
https://doi.org/10.1007/s00284-015-0981-9
Carrion O., Delgado L., Mercade E.
New emulsifying and cryoprotective
exopolysaccharide from Antarctic
Pseudomonas sp. ID1. Carbohydr. Polym.
2015, V. 117, P. 1028-1034. https://doi.
org/10.1016/j.carbpol.2014.08.060

Wu S., Liu G., Jin W., Xiu P., Sun C.
Antibiofilm and Anti-Infection of a Marine
Bacterial Exopolysaccharide Against
Pseudomonas aeruginosa. Front. Microbiol.
2016, V. 7,P.102. https://doi.org/10.3389/
fmicb.2016.00102

Spano A., Gugliandolo C., Lentini V., Mauge-
ri T. L., Anzelmo G., Poli A., Nicolaus B.
A novel EPS-producing strain of Bacillus
licheniformis isolated from a shallow vent off
Panarea Island (Italy). Curr. Microbiol. 2013,
67 (1), 21-29. https://doi.org/10.1007/
s00284-013-0327-4

Gugliandolo C., Spano A., Lentini V.,
Arena A., Maugeri T. L. Antiviral and
immunomodulatory effects of a novel
bacterial exopolysaccharide of shallow
marine vent origin. J. Appl. Microbiol.
2014, 116 (4), 1028-1034. https://doi.
org/10.1111/jam.12422

Priyanka P., Arun A. B., Rekha P. D. Sulfated
exopolysaccharide produced by Labrenzia sp.
PRIM-30, characterization and prospective
applications. Int.J. Biol. Macromol. 2014, V.
69, P. 290—-295. https://doi.org/10.1016/j.
ijbiomac.2014.05.054

Xu L., Meng W., Cao C., Wang J., Shan W.,
Wang @. Antibacterial and antifungal
compounds from marine fungi. Mar. Drugs.
2015, 13 (6), 3479-3513. https://doi.
org/10.3390/md13063479

Mayer A. M. S., Guerrero A.dJ., Rodriguez A. D.,
Taglialatela-Scafati O., Nakamura F.,
Fusetani N. Marine Pharmacology in
2014-2015: Marine Compounds with
Antibacterial, Antidiabetic, Antifungal,
Anti-Inflammatory, Antiprotozoal,
Antituberculosis, Antiviral, and
Anthelmintic Activities; Affecting the
Immune and Nervous Systems, and Other
Miscellaneous Mechanisms of Action.
Mar. Drugs. 2019, 18 (1), 5. https://doi.
org/10.3390/md18010005
DuF.Y.,ZhangP.,LiX.M.,LiC.S.,CuiC. M.,
Wang B. G. Cyclohexadepsipeptides of the
isaridin class from the marine-derived fungus
Beauveria felina EN-135. J. Nat. Prod. 2014,
77(5),1164-1169. https://doi.org/10.1021/
np4011037

SunK.,LiY.,Guo L., WangY., Liu P., Zhu W.
Indole diterpenoids and isocoumarin from the



Reviews

91.

92.

93.

94.

95.

96.

97.

98.

99.

fungus, Aspergillus flavus, isolated from the
prawn. Penaeus vannamei. Mar. Drugs. 2014,
12 (7), 3970-3981. https://doi.org/10.3390/
md12073970

Meng L. H., Zhang P., Li X. M., Wang B. G.
Penicibrocazines A-E, five new sulfide
diketopiperazines from the marine-derived
endophytic fungus Penicillium brocae. Mar
Drugs. 2015, 13 (1), 276—-287. https://doi.
org/10.3390/md13010276

Khamthong N., Rukachaisirikul V.,
Phongpaichit S., Preedanon S., Sakayaroj J.
An antibacterial cytochalasin derivative from
the marine-derived fungus Diaporthaceae
sp. PSU-SP2/4. Phytochem. Lett. 2014,
V. 10, P. 5-9. https://doi.org/10.1016/j.
phytol.2014.06.014

Wu B., Oesker V., Wiese J., Malien S.,
Schmaljohann R., Imhoff J. F. Spirocyclic
drimanes from the marine fungus
Stachybotrys sp. strain MF347. Mar. Drugs.
2014, 12 (4), 1924-1938. https://doi.
org/10.3390/md12041924

Wu B., Oesker V., Wiese J., Schmaljohann R.,
Imhoff J. F. Two new antibiotic pyridones
produced by a marine fungus, Trichoderma
sp. strain MF106. Mar. Drugs. 2014, 12 (3),
1208-1219. https://doi.org/10.3390/
md12031208

Liu X. H., Miao F. P., Liang X. R., Ji N. Y.
Ergosteroid derivatives from an algicolous
strain of Aspergillus ustus. Nat. Prod. Res.
2014, 28 (15), 1182-1186. https://doi.org/
10.1080/14786419.2014.923996

Yao Q., Wang J., Zhang X., Nong X., Xu X.,
Qi S. Cytotoxic polyketides from the deep-
sea-derived fungus Engyodontium album
DFFSCS021. Mar. Drugs. 2014, 12 (12),
5902-5915. https://doi.org/10.3390/
md12125902

Song F.,Ren B.,ChenC.,YuK., Liu X.,Zhangy.,
Yang N., He H., Liu X., Dai H., Zhang L.
Three new sterigmatocystin analogues from
marine-derived fungus Aspergillus versicolor
MF359. Appl. Microbiol. Biotechnol. 2014, 98
(8), 3753-3758. https://doi.org/10.1007/
s00253-013-5409-5
HanW.B.,,LuY.H.,Zhang A.H., Zhang G. F.,
Mei Y. N., Jiang N., Lei X. X., Song Y. C.,
Ng S. W., Tan R. X. Curvulamine, a new
antibacterial alkaloid incorporating two
undescribed units from a Curvularia species.
Org. Lett. 2014, 16 (20), 5366—5369. https://
doi.org/10.1021/01502572g

Bai Z.Q., Lin X., Wang Y., Wang J., Zhou X.,
Yang B., Liud.,Yang X., Wang Y., Liu Y. New
phenyl derivatives from endophytic fungus
Aspergillus flavipes AIL8 derived of mangrove
plant Acanthus ilicifolius. Fitoterapia. 2014,
V.95, P.194-202. https://doi.org/10.1016/j.
fitote.2014.03.021

100.

101

102.

103.

104.

105.

106.

107.

108.

Fredimoses M., Zhou X., Lin X., Tian X.,Ai W.,
Wang J., Liao S., Liu J., Yang B., Yang X.,
Liu Y. New prenylxanthones from the
deep-sea derived fungus Emericella sp.
SCSIO 05240. Mar. Drugs. 2014, 12 (6),
3190-3202. https://doi.org/10.3390/
md12063190

.CaoD.T., TranV.H.,VuV.N.,Mai H.D. T.,

Le T. H M., Vu T. Q., Nguyen H. H.,
Chau V. M., Pham V. C. Antimicrobial
metabolites from a marine-derived
Actinomycete Streptomyces sp. G278.
Nat. Prod. Res. 2019, 33 (22), 3223-3230.
https://doi.org/10.1080,/14786419.2018.1
468331

Akhter N., Liu Y., Auckloo B. N., Shi Y.,
Wang K., Chen J., Wu X., Wu B. Stress-
Driven Discovery of New Angucycline-Type
Antibiotics from a Marine Streptomyces
pratensis NA-ZhouS1. Mar. Drugs. 2018,
16 (9), 331. https://doi.org/10.3390/
md16090331

Hu Z., Qin L., Wang Q., Ding W., Chen Z.,
Ma Z. Angucycline antibiotics and
its derivatives from marine-derived
actinomycete Streptomyces sp. AGH. Nat.
Prod. Res. 2016, 30 (22), 2551-2558.
https://doi.org/10.1080/14786419.2015.
1120730

LiX.-D.,LiX.,LiX.M.,XuG.M., Zhang P.,
Meng L. H., Wang B. G. Tetranorlabdane
diterpenoids from the deep sea sediment-
derived fungus Aspergillus wentii SD-310.
Planta Med. 2016, 82 (9-10), 877-881.
https://doi.org/10.1055/s-0042-102965
XuR,XuG M., LiX.M.,LiC.S.,Wang B.G.
Characterization of a newly isolated
marine fungus Aspergillus dimorphicus
for optimized production of the anti-
tumor agent wentilactones. Mar. Drugs.
2015, 13 (11), 7040-7054. https://doi.
org/10.3390/md13117040

LvC.,HongY., Miao L., Li C., Xu G., Wei S.,
Wang B., Huang C., Jiao B. Wentilactone A
as a novel potential antitumor agent induces
apoptosis and G2/M arrest of human lung
carcinoma cells, and is mediated by HRas-
GTP accumulation to excessively activate
the Ras/Raf/ERK/p53-p21 pathway. Cell
Death Dis. 2013, 4 (12), €952. https://doi.
org/10.1038/cddis.2013.484

Zhang Z., Miao L., Lv C., Sun H., Wei S.,
Wang B., Huang C., Jiao B. Wentilactone
B induces G2/M phase arrest and apoptosis
via the Ras/Raf/MAPK signaling pathway
in human hepatoma SMMC-7721 cells. Cell
Death Dis. 2013, 4 (6), e657. https://doi.
org/10.1038/cddis.2013.182

Matsuo H., Nonaka K., NaganoY., Yabuki A.,
Fujikura K., Takahashi Y., Omura S.,
Nakashima T. New metabolites,

27



BIOTECHNOLOGIA ACTA, V. 13, No 3, 2020

109.

110.

111.

112.

113.

28

sarcopodinols A and B, isolated from deep-
sea derived fungal strain Sarcopodium sp.
FKJ-0025. Biosci. Biotechnol. Biochem.
2018, 82 (8), 1323—-1326. https://doi.org/1
0.1080/09168451.2018.1467264

Meng L.H.,Li X. M., LvC.T., Huang C. G.,
Wang B. G. Brocazines A-F, cytotoxic
bisthiodiketopiperazine derivatives from
Penicillium brocae MA-231, an endophytic
fungus derived from the marine mangrove
plant Avicennia marina. J. Nat. Prod.
2014, 77 (8), 1921-1927. https://doi.
org/10.1021/np500382k

Lin A., Wu G., Gu Q., Zhu T., Li D. New
eremophilane-type sesquiterpenes from
an Antarctic deepsea derived fungus,
Penicillium sp. PR19 N-1. Arch. Pharm.
Res. 2014, 37 (7), 839—-844. https://doi.
org/10.1007/s12272-013-0246-8

Huang J., Xu J., Wang Z., Khan D.,
Niaz S.1.,Zhu Y. H., Lin Y. C., Li J., Liu L.
New lasiodiplodins from mangrove
endophytic fungus Lasiodiplodia sp. 318.
Nat. Prod. Res. 2017, 31 (3), 326—332.
https://doi.org/10.1080/14786419.2016.
1239096

Zhu M., Zhang X., Feng H., Che Q., Zhu T.,
Gu @Q., Li D. Campyridones A-D, pyridone
alkaloids from a mangrove endophytic
fungus Campylocarpon sp. HDN13-307.
Tetrahedron. 2016, V. 72, P. 5679-5683.
https://doi.org/10.1016/j.tet.2016.07.080
Liu H., Zhang L., Chen Y., Li S., Tan G.,
Sun Z., Pan Q., Ye W., Li H., Zhang W.
Cytotoxic pimarane-type diterpenes from
the marine sediment-derived fungus
Eutypella sp. FS46. Nat. Prod. Res.
2017, 31 (4), 404-410. https://doi.org/
10.1080/14786419.2016.1169418

114.

115.

116.

117.

118.

119.

Moussa M., Ebrahim W., El-Neketi M.,
Mandi A., Kurtan T., Hartmann R., Lin W.,
Liu Z., Proksch P. Tetrahydroanthraquinone
derivatives from the mangrove-derived
endophytic fungus Stemphylium
globuliferum. Tetrahedron Lett. 2016, V. 57,
P. 4074-4078. https://doi.org/10.1016/j.
tetlet.2016.07.091

Mishra P. D.,Verekar S. A., Deshmukh S. K.,
Joshi K. S., Fiebig H. H., Kelter G.
Altersolanol A: a selective cytotoxic
anthraquinone from a Phomopsis sp. Lett.
Appl. Microbiol. 2015, 60 (4), 387-391.
https://doi.org/10.1111/lam.12384

Gao X.W., Liu H. X., Sun Z. H., Chen Y. C.,
Tan Y. Z., Zhang W. M. Secondary
metabolites from the deep-sea derived
fungus Acaromyces ingoldii FS121.
Molecules. 2016, V. 21, P. 371. https://doi.
org/10.3390/molecules21040371

Wang J., Wang Z., Ju Z., Wan ., Liao S.,
Lin X., Zhang T., Zhou X., Chen H., Tu Z.,
Liu Y. Cytotoxic cytochalasins from marine-
derived fungus Arthrinium arundinis.
Planta Med. 2015, 81 (2), 160-166.
https://doi.org/10.1055/s-0034-1383403.

Liang X.,Zhang X.Y.,Nong X. H., Wang .,
Huang Z. H., Qi S. H. Eight linear
peptides from the deep-sea-derived fungus
Simplicillium obclavatum EIODSF 020.
Tetrahedron. 2016, V. 72, P. 3092-3097.
https://doi.org/10.1016/j.tet.2016.04.032
Deshmukh S. K., Gupta M. K., Prakash V.,
Reddy M. S. Mangrove-associated fungi:
a novel source of potential anticancer
compounds. J. Fungi (Basel). 2018, 4 (3),
101. https://doi.org/10.3390/j0f4030101



Reviews

IIPARTHYHO IIHHI METABOJIITH
MOPCbRHUX MIKPOOPTAHISMIB

T.II. Hupoel’ 2
A. 0. Mapmunior!
0. I. Cxpouyvra®
T.A. IITesuyx?

'Hanjonansanit yHiBepcUTeT
XapYOBUX TEXHOJOTi,
Kuis, Ykpaina
2IHCTI/ITYT Mikpobiosorii i Bipycosorii
im. [I. K. 3abonxoraoro HAH Vxkpaiuu,
Kuis

E-mail: tapirog@nuft.edu.ua

B ornani HaBemeHO maHi cydacHOI JiiTepa-
TYypH IOJO0 CUHTE3y rpubamu, ak THHOOAKTepi-
AMU Ta 6aKTepisaMu, BULIJIeHUMHU 3 MOPChKUX
ekocucTeM (MOpChbKa BOJAAa, MOHHI BigKIageH-
Hsd, HOBepxXHsa (opu Ta payHu, MaHTPORBi 6i-
OMU, JHOAOBUKM), IPAKTUUYHO IMiHHUX MeTabo-
aitiB. MopchbKi MikpoopraniamMu CUHTE3YIOTh
MIAPOKUN CHEKTP NPAKTUYHO IIIHHUX €H3UMiB
(xosmomoaKTUBHA TaJjJakTo3ujpasa, arapasa,
ajrbrimariaiasa, (pykoigasa, xiTuHasa Ta iH.),
IOBEPXHEBO-aKTUBHUX IJIIKO- Ta JIINIONENTUIIB
3 eMyJIbI'yBAJbHOI0, AHTUMiKPOOHOIO Ta AHTH-
aJre3MBHOIO aKTHUBHICTIO, eK30II0JIicaxapuais,
a TaKOK BTOPUHHUX MeTaboJIiTiB 3 pisHOMAaHIT-
HOI0 0ioJyioTiuHOI0 aKTHMBHiCTIO (AHTUMiKPOO-
Ha, IPOTUNYXJUHHA, I[IUTOTOKCUYHA). Paszom
3 TUM BUKODPUCTAHHS MOPCHKUX IPOAYIEHTIB
y 0ioTeXHOJNIOTiYHUX IIpoIlecax CTPUMYETHCSA
iXHBOI0O HEBUCOKOI0 CHHTE3YBaJbHOIO 3IaT-
HicTIO i BeJIUKUMU BUTPaTaMu Ha OioCHUHTE3
(ckJamHi JKUBUJBbHI cepegoBuUIa i Jopori Byr-
JeBonHI cybcTpaTtu). ¥ 6ioTexHoJOTil MOpPChKi
MiKpoopraHiamMu MOXXYTb OyTH BHUKOPHUCTaHi
AK IKepeJia TeHiB, 1[0 KOAYIOTh CHHTE3 HOBUX
0i0JIOTiUHO AaKTUBHUX PEYOBUH 3 YHiKAJIbHUMU
BJIACTUBOCTSAMU, 30KpeMa aHTUMiIKPOOHUMU Ta
NPOTUNYXJIUHHUMU.

Knwouwosei cnoea: Mopcbki rpumbu, O6arTepii,
6i0JIOTiUYHO aKTUBHI PEUOBUHMU.
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B 00630pe mpuBemeHbI JaHHLIE COBPEeMEHHOM
JUTEepaTypbl OO CUHTE3y TpubamMu, aKTHUHO-
OaKTepusaAMHU U ODAKTepUAMU, BbIACJICHHBIMU U3
MOPCKHUX dKocucteM (MoOpcKas BOJA, AJOHHBIE
OTJIOYKEeHUsA, MOBEPXHOCTh (hOopHl U (ayHBHI,
MaHTPOBbIe OMOMBI, JIeJHUKI), IPAKTUUECKU
IMeHHBIX MeTabosuToB. MopcKue MUKpoopra-
HU3MbI CUHTE3UPYIOT IMTUPOKUI CIEKTP HpakK-
TUYECKHU IeHHBIX DH3UMOB (XO0JIOLOAKTUBHAA
rajakTosujasa, arapasa, aJbruHaTamuasa, Qy-
Koupgasa, XUTUHA3a U AP.), IOBEPXHOCTHO-aK-
TUBHBIX TJIUKO- U JUIMOMEITUIOB C SMYJIbTH-
pyiole#, aHTUMUKPOOHON M aHTUAATE3UBHON
aKTHUBHOCTHIO, 9K30II0JINCAXaPUJOB, & TaKIKe
BTOPUUYHBIX MeTabO0JUTOB C PA3JIUUYHONA OMOJIO-
TMYecKOoll aKTUBHOCTHIO (AHTUMUKPOOHAS, IIPO-
THUBOOIyXO0JeBasd, MUTOTOKCUYECKasa). BmecTe
C TeM HCIO0Jb30BaHNEe MOPCKUX IPOAYIIEHTOB B
OMOTEeXHOJIOTUYECKUX IIPOIECCAX CAEPIKUBAETC
WX HEeBBICOKOHW CHHTE3UPYIOIIEeH CI0COOHOCTHIO
U 3HAYUTEJbHBIMHU 3aTpaTaMu Ha OMOCUHTES3
(cIoKHBIE TUTATEJIbHBIE CPEAbI U TOPOTUE yTIJIe-
BOJHBIE CyOCTPAThI). B 6MOTEXHOJIOTUY MOPCKUE
MHUKPOOPTAHU3MbBI MOTYT OBITH MCIOJb30BAHEI B
KavecTBe UCTOUHUKOB I'eHOB, KOAUPYIOIIUX CUH-
Te3 HOBBIX OMOJIOTUYECKYU AKTUBHBIX BEIIECTB C
YHUKAJIbHBIMU CBOMCTBAMU, B YACTHOCTHU aHTHU-
MUKPOOHBIMY ¥ IPOTHUBOOMYXOJEBbIMU.

Knwouesvle cnoea: mopckue rpubbl, GaKkTepuu,
OuMOoJIOTUUEeCK aKTUBHBIE BEIleCTBA.
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The aim of the work was to create a complex mathematical model simulating the course of the disease
caused by the SARS-CoV-2 virus on the level of interaction between functional systems of organism and
pharmacological correction of organism hypoxic states arising in the complicated course of the disease. In
the present work the methods of mathematical modeling and theory of optimal control of moving objects
were used. The proposed integrated mathematical model consisted on the mathematical models of
functional systems of respiration and blood circulation, thermoregulation, immune response, erythropoesis,
and pharmacological correction. Individual patient data were taken for this model, and the disturbing
effect in the form of viral disease was simulated. The reactions of functional respiratory and blood
circulatory systems were predicted. Partial pressures of respiratory gases in alveolar spaces and their
tensions in lung capillaries blood, arterial and mixed venous blood, and tissue fluid were calculated.
Further the intravenous injection of antihypoxant was simulated and the values of the same parameters
were calculated. In such a way it was possible to choose the most optimal way of hypoxic state correction
for any individual. This model is theoretical only for today because the models of respiratory and blood
circulation systems were designed for the average person and it does not suppose peculiarities of individual
persons infected with SARS-CoV-2. In particular, this concerns the pequliarities of gas exchange in the
alveolar space and characteristics of respiratory gases diffusion through the alveolar-capillary and
capillary-tissue membranes. However, it is one of possible directions for solving the complex tasks related
to treatment of the disease caused by SARS-CoV-2 virus. In the result of the work the complex of
information support for the imitation of viral disease course was developed at the level of interaction of
organism functional systems, as well as pharmacological correction of caused by it hypoxic states.

Key words: SARS-Cov-2 virus, immune response model, mathematical model of the respiratory

system, hypoxic state, infection lesion

New coronavirus infection burst had
happened in Republic of China with epicenter

The information on epidemiology, clinical
features, prevention, and treatment of

in Wuhan (Hubei Province) in late 2019. The
World Health Organization officially named
it COVID-19 (“Corona virus disease 2019”)
on February 11, 2020. The International
Committee on Viruses Taxonomy had
assigned the official name to the agent of
this infection — SARS-CoV-2 on February
11, 2020.
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this disease is limited until now. The most
common clinical manifestation of the new
variant of coronavirus strain infection was
bilateral pneumonia: the development of acute
respiratory distress syndrome was registered
in 3—4% of patients[1]. This potentially severe
acute respiratory infection causes dangerous
disease [2]. It can occur both in the form of
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acute respiratory viral infection with mild
course [3, 4] and in severe form with such
specific complications as viral pneumonia
caused acute respiratory distress syndrome or
respiratory failure with a risk of the death [5].
However, full clinical picture is not yet clear
[6]. There are no specific antiviral agents for
the treatment or prophylaxis of this disease [7].
In most cases (approximately 80%) it turns
out that no specific treatment is required,
and recovery takes place on its own [2, 8]. In
severe cases, specific means and methods are
used to maintain functions of vital organs
[9]. Respiratory insufficiency development
is also possible against the background
of this infection [3]. Less than a third of
patients demonstrated the development of
acute respiratory distress-syndrome [2]. In
case of acute respiratory distress-syndrome,
tachycardia, tachypnoea or cyanosis may also
be appeared to accompany hypoxia [6].

Inflammatory processes can influence on
cardiovascular system resulting in arrhythmias
and myocarditis. Acute heart insufficiency
is mostly found in severely or critically ill
patients. Infection can occure long-term
influences on the health of cardiovascular
system. In case of patients with cardiovascular
diseases in anamnesis, strict monitoring of
their conditions may be required [2].

There is no specific antiviral therapy
against SARS-CoV-2 virus [9] and there is
no evidence of effective immunomodulating
therapy [10]. Patients receive mainly
symptomatic and supportive therapy. In
severe cases, treatment aims to maintain vital
functions of organs [9].

Although unlicensed drugs and experimental
therapies are used today in practice of
coronaviral disease treatment, for example,
with the use of antiviral agents, such treatment
should be carried out within the framework
of ethically based clinical trials [2]. Critically
important is the use of tools that are justified
both ethically and scientific researches[11, 12].

Bases for used methodology. Therapy
prescriptions should not be based on
hypotheses, but on clinical studies that
confirm the effectiveness of such therapy.
Hypotheses, however, may be the basis for a
planned clinical trial [13]. Therefore, it seems
reasonable to apply simulation modeling of
coronaviral disease course and exposure to
pharmacological drugs.

The methods of information technologies
and mathematical modeling complement
those of experimental biology and medicine.
Modern diagnostic methods, whatever perfect

they may be, give only a “slice” of current
organism state. Therefore, the mathematical
modeling of organism functional systems and
an organism as a whole became widespread in
the last third of the last century, allowing to
simulate various processes taking place in the
organism and to study these processes at the
level inaccessible to the modern methodical
diagnosis level, for example, to simulate
extreme organism disturbances and forecast
the functional state of organs and systems with
this disturbance.

Mathematic model of functional
respiratory system, developed by the united
efforts of the scientists from Glushkov
Institute of Cybernetics and Bogomoletz
Institute of Physiology both of the National
Academy of Sciences of Ukraine was based
exactly on these principles.

The purpose of the work was to create
integrated mathematical model to simulate
the course of the disease caused by SARS-
CoV-2 virus and pharmacological correction of
complications — organism hypoxic states.

Mathematical models of respiration
and blood circulation systems

Many mathematical models of various
functional systems and organism as a whole
exist nowadays. Let’s observe the models related
to the respiratory and blood circulatory systems
because of several reasons. First, according to
the current information, exactly these systems
are the most affected by the SARS-CoV-2 virus
[14—-2T7]. Secondly, in the theory of adaptation
developed by Meyerson, exactly these systems
responded most noticeably to changes of living
conditions [28, 29]. Thirdly, in a number
of publications there were shown that if we
consider the human organism from the point
of view of reliability theory, and assume it as
a “chain with a weak link”, then such “weak
links” are exactly the respiratory and blood
circulatory systems [30—37].

First of all, Gray model should be
highlighted, in which the respiratory system
was presented as a feedback system and thus
the background for studying the relationships
between alveolar ventilation V and oxygen
pressures pO,, carbon dioxide pCO, and the
arterial blood acidity pH was laid [38].

The next qualitatively important step was
the model of Grodins, who suggested that the
respiratory system should be considered as
a dynamic system, which made it possible to
use the appropriate mathematical apparatus
[39, 40]. The ventilation dynamics was studied
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when the concentration of carbon dioxide
in respiratory system changed. Therewith
elements of system analysis were used. The
control and controlled systems responsible
for process of gas exchange were given up,
tissue reservoirs of an organism in which
oxygen was consumed and carbon dioxide
was released were subdivided. Two reservoirs
were identified as “brain” and “non-brain”.
The first reservoir included vitally important
organs, the second one — peripheral organs
and tissues. Grodins derived the differential
equations describing the dynamics of partial
pressures and tensions of respiratory gases
in the lungs, blood and tissues, basing on the
principles of material balance and continuity
of the flow [39, 40]. A significant disadvantage
of the model was the assumption that during
inspiration, a constant pCO, was maintained in
the respiratory mixture, alveoli and blood.

Mathematical models of respiratory
and blood circulatory systems:
their use for the solution of practical
and theoretical problems
in medicine and physiology

Further development of Grodins model was
a model of mass transfer and mass exchange of
respiratory gases in human body and dolphin,
proposed by Kolchinskaya and Misyura [41].
The model considers the process of mass
transfer and mass exchange of respiratory
gases through the alveolar-capillary and
capillar-tissue membranes, taking into
account their structural and functional
pequliarities. This approach enabled to study
gases transportation in human body during
respiratory cycle: inspiration, expiration and
pause, taking into account the biophysical and
biochemical characteristics of the processes.
Besides, tissue reservoirs were differentiated
in the model, tissues of brain, heart, liver,
kidneys, skeletal muscles, and etc. were
defined. This made it possible to elaborate
the models of gases saturation and to study
the process of hypoxia development in them
[41]. The proposed model contained equations
for determining of alveolar ventilation and
systemic blood flow obtained on the basis
of experimental data. However in order to
calculate oxygen and carbon dioxide regimes
of human organism under changes in living
conditions, it was required the data that
were impossible to obtain at the current
methodological level of bioexperiment.
Therefore, it is quite problematic to use such
type of models for the cases upon changing the
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levels of energy consumption, environmental
conditions without solving the problem
concerning control of respiratory system
function.

In addition, blood circulatory system,
contrary to respiratory one, is multifunctional,
and this causes certain difficulties linked
with determination of optimality criterion.
Consequently, the concept of organism’s
oxygen regimes regulation formulated by
Kolchinskaya and Lauer was an actual one
[42]. According to this concept, the regulation
in organism is carried out by one complex
system that coordinates joint functioning of
various mechanisms and subordinates this
system to its main task — to maintain optimal
oxygen parameters along the oxygen pathes
in organism. Herewith, the delivery speed
should match the oxygen demand in tissues.
In accordance with this concept, mathematical
models should consider the united action of
the systems of external respiration, blood
circulation, and tissue respiration, aimed on
the providing of tissues demand in oxygen.

There are numerous other mathematical
models [43—52]. Let’s observe exactly the models
developed by Onopchuk and representatives of
his scientific school [37, 53—59]. Basing on above-
described approach, few mathematical models of
heat transfer and heat exchange [60—62], immune
system [63—65], system of energy supply [66] and
erythropoesis [67, 68] were developed.

These models were used to solve a number of
practical and theoretical problems in medicine
and physiology. Namely, the theoretical
problems linked with investigations of cerebral
blood circulatory tensions in operators of
continuous interaction system were solved
[69—T74], compromise resolution of conflict
situations in the problem of optimal control
in decisions making in difficult situations
was studied [37, 75—77], the role of hypoxia,
hypercapnia and hypometabolism during
adaptation of the respiratory system to
intensive muscular activity and stay in
conditions of hypoxic hypoxia were investigated
[78—82], mathematical models of short-term,
medium-term and long-term adaptation of the
respiratory system to extreme environmental
influences were developed [35, 37, 83, 84],
parameters of self-organization of the rescue
command members breathing system during
short-term and medium-term adaptation to
hypoxic hypoxia were studied [35, 82], the tasks
of modeling of the hypoxic and hypercapnic
stages of training athletes were considered [85,
86], dependence of parameters of functional
self-organization for high qualification
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women-athletes on the hormonal status of their
organisms were studied [87—-89], algorithm for
predicting of fatigue development in highly
skilled athletes with refined muscular activity
was constructed [90, 91], mathematic models
for the development of hypoxia at coronary
heart disease were developed [92—-97], algorithm
for the selection of data models and algorithms
for their processing to build an integrated
estimation of the reliability and performance of
athletes was proposed [98—101]. Separately, it
is necessary to highlight the use of these models
in sports of the highest achievements, for the
sportsmen specializing in cyclic sports [102],
martial arts [103—107], alpinism [108], their
practical application in research at the Elbrus
Medical and Biological Station of Bogomoletz
Institute of Physiology of the National Academy
of Sciences of Ukraine [109-121], for solution
of a broad range of problems connected with
the examination of operators of continuously
interacting systems and flying personnel.

Separately, it is necessary to write about
the works [122-124] associated with the
development of software for the improving
of the tools and methods for operational data
mining, processing and analysis of functional
diagnostic data, and the person’s stay in
hyperbaric environment [125, 126].

There is also a number of works devoted
to the research and identification of organism
reserves under the extreme disturbances [127—
132] and optimization of the recovery and
rehabilitation processes after the extreme loads
on an organism [133,134], thermoregulation
processes under the extreme influences [116].

Therefore, the idea to apply such models
for new class of problems related to studying

and treatment of infectious organism lesions
infected with SARS-CoV-2 seems quite
reasonable and appropriate.

Integrated model of the functional system
of respiration, blood circulation, heat
transfer, and immune response

To simulate the hypoxic state caused
by SARS-CoV-2 virus we proposed to use
integrated mathematical model of the
functional respiratory and blood circulatory
system, thermoregulation, and immune
response to predict the course of viral disease
[37, 54, 55, 57, 60—-65].

When studying the organism adaptation
to one or another disturbances, including
infectious disease, it is advisable to take into
consideration the possibility of participation
of intersystem mechanisms in process of
organism state stabilizing, taking into account
both intra-systemic and intersystemic conflict
situations. In response to the environment
disturbing influence (external or internal),
all organism functional systems react against
it to some extent, trying to stabilize the
organism state, despite the contradictions
between goals and interests. The structural
scheme of complex mathematical model for
investigation of the main functional systems
(respiration, blood circulation, heat transfer,
immune), their pharmacological correction as
well as mechanisms of their interaction and
interconnection during the life activities in
extreme conditions of the external and internal
environment was shown on Fig. 1.

Let’s give a description of the models
of individual functional systems. Briefly,

St S

e B e e e e e

Mechanizms nfrg and mutnal influences of orzanism functional
}‘ release. erythropoesis

‘ Self-organization of respiratory and blood circulatory |
st —

Fig. 1. Integrated model of the functional system of respiration, blood circulation,
heat transfer, and immune response
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the mathematical model of the functional
respiratory system could be represented as
follows. Mathematical model of respiratory
and blood circulatory system is a controlled
dynamic system, the phase state of which is
characterized by partial pressures and tensions
of respiratory gases in each element of the
system.

The controlled part of the model is based on
differential equations describing changes in
average partial pressures of respiratory gases
in each part of respiratory cycle — during
inspiration, expiration and pause. Briefly, the
model can be submitted as follows:

dp

O .
72: (p(pi029p[C029n[9V)Q9Q1, 9G11029q402) 4 (1)

dp,CO,

T =v(p0.pCO,, n.V,0,0,,G,C0,,4,C0,), (2)

where the functions ¢ and y are described in
detail in [54, 55], V is ventilation, 1 is a degree
of hemoglobin saturation with oxygen, @ is
volumetric velocity of systemic and @, — local
blood flows, ¢;0, is oxygen consumption rate
by i-th tissue reservoir, ¢, 0, is the rate of
carbon dioxide release in i-th tissue reservoir.
The velocities G; O, of oxygen flows from the
blood into the tlssue and G, O, of carbon dioxide
from the tissue into the blood are determined
by the ratio:

Gti = Dtisti(pcti_ pti)’ 3)

where D, are gas permeability coefficients
through ‘the airhematic barrier, S, is gas
exchange surface area.

In this model, respiratory, cardiac and
vascular smooth muscles are the active
mechanisms of self-regulation. Accordinly
V, @, @, i = 1,m are the control parameters
in the dynamic system, which are determined
as a result of solving the task of optimal
output of the disturbed dynamic system into
a stable equilibrium state characterized by the
following retios:

GO, -q0 =0, i=1 ' @
- =V, 1I1=1
AU . 5)

G,CO, +¢,C0, =0, i=Lm

The
optimal values are those that provide a
minimum of the functional:

I= I[pIZA (G,0,-4,0 )+p22/1 (G,co, +4,c0, Jd(e)

fo
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under the restrictions:

V'min < V SV’max’ Qmin SQ SQmax’ Q/’m\n SQ <

o™, ¥0,=0. (7)

In (7) py, py are organism sensitivity
coefficients to the oxygen deficiency and
carbon dioxide excess, A, characterize
functionally the morphologlcal features of
tissue region.

The dynamics of infectious lesion of
organism was given by Marchuk as a system of
ordinary nonlinear differential equations with
delay [135]. Let’s consider one of the equations
of this system:

dm —=ov(l-m)—-p,, €))
dt

where m(t) is relative characteristics of

an affected organ. If M is characteristics

of healthy organ (mass or area), and M’ is

corresponding characteristic of the healthy

part of affected organ, then

m=1-—, 9)

is a relative characteristic of lesion of an organ-
target. The factor (1 — m) in (8) determines
the effect of antigens on unaffected part of an
organ-target.

Decrease in this characteristic occur due to
the regenerative activity of an organism with
W,, coefficient characterizing the rate of mass
recovery of the affected organ.

The pathological state of an organism that
developed due to the infectious lesion can be
considered as disturbance during modeling
of blood circulatory system. Then ¢ and p,, in
(8) are the functions depended on @,. When
considering joint modeling of respiratory,
circulatory and immune systems and their
regulation, it is necessary to add the term

P, 137 (m(2),V (7)), (10)

to the quality criterion of regulation (6)
into the integration element, where pn is a
coefficient characterizing the influence degree
of the simulated disease type on the level of gas
homeostasis. The function f;(m, V)determines
the damage degree of target-organ at current
moment. At control points, this function was
taken as:

f,(m,V)=am+by (1)

It could be assumed that the flow of energy
processes in the tissues of an organ-target is
supplied only due to its unaffected part. Then
the mass of metabolizing part of the organ will
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be determined:
v, (t) = v, (1-m(2)), (12)

where vt? is a total mass (volume) of tissues of
healthy organ.

In case of infectious disease, it is natural to
assume a reaction of thermoregulatory system.
Let’s complete our model of the dynamics of
the course of infectious disease by introducing
the variable T (the temperature of internal
sphere of organism [136, 137]) in the equation
below:
dT, . . .
d—;= K (Fv=(Fv) W(Fv=(Fv)) =, (T, =T,"), (13)

k

where Ky, ur are coefficients, Fv is
concentration of Fv complexes, (Fv) is
maximal permissible concentration of
complexes, Tffk is normal temperature of core
of organism, x is Heaviside function. In this
case, it was natural to put the coefficients
in model (8)—(12) in the form of functions
depending on T,

= B(T)

= kT 14
B(T,) v, (7, T (14)
oy, =T )+b, (T, =T)], (15)

where B(;)=B.&(T;)=d, a, b, arecoefficients.

It is natural to assume that at the initial
stage of disease, the passive mechanisms of
self-regulation such as erythropoesis, release
of hemoglobin and mioglobin into blood were
involved. An increase of the content of red
blood cells and the content of hemoglobin
in them is powerful regulatory mechanism
for maintaining of organism stable state in
conditions that lead to oxygen deficiency under
the various disturbances. In [67] the linear
dependences of erytropoetin (EPO), Ht and Hb
were obtained and than they were introduced
into the mathematical model of functional
respiratory and blood circulatory system to
enhance the regulation of respiratory system
main function in hypoxia.

Further, due to the fact that severe hypoxia
develops in organism as a result of lung
damage, the injection of antihypoxants into
the organism is advisable in order to study the
possible ways of organism state relief in case
of hypoxia. The integrated model described
above for this case has to be supplemented by
the equations of transport of pharmacological
preparations in organism in forms, suggested

previously [107, 118, 138]. The algorithm for
the application of this approach is given in Fig.
2.

Our developed mathematical model
of pharmacological correction of hypoxic
states clarifies the role of pharmacological
preparation use for prevention of hypoxic
states development in organism (for
organism state perfection). It was assumed
that the withdrawal of antihypoxant f from
the organism is carried out through the
kidneys. It was assumed as well that we use
pharmacological preparations that improve
oxygen permeability through the capillary
tissue membranes of blood vessels. According
to this scheme it was assumed that the most
effective was intravenous administration of
antihypoxant, although the model enabled
to simulate as well as respiratory, oral
and intramuscular way of antihypoxants
administration.

Procedure for the work with the model

1. Patient examination is carried out.

2. The data obtained from the survey are
the source for calculation of organism oxygen
regimes [121, 122].

3. The data obtained during patient
examination and some data obtained as a
result of calculation of organism oxygen
regimes were taken as input source data in the
models of functional respiratory system, blood
circulatory system and thermoregulation. In
such a way the models individualization was
fulfilled.

4. Further, using the model of immune
response, the effect of virus is simulated;
with the interaction and interinfluence of the
models, the partial pressures and tensions of
respiratory gases in all parts of respiratory
system, alveolar ventilation and systemic blood
flows are calculated.

5. The next step is to simulate the effects
of pharmacological preparations and,
consequently, the values of the same indicators
have to be calculated again.

6. The obtained data are analyzed and
further, in case of unsatisfactory result,
another effect of antihypoxant is simulated, or
if the obtained indicators are acceptable, then
this scheme of pharmacological preparation
use is chosen.

Thus in this publication, the results of
development of comprehensive integrated
mathematical model for simulation of
the course of disease caused by SARS-
CoV-2 were suggested. It could be used
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Fig. 2. Scheme of mathematical model for simulating the course of viral disease and its pharmacological
correction: Hb, BH — concentrations of hemoglobin and buffer bases in blood; @ — volurimetric velocity of
systemic blood flow; @;. — volurimetric velocity of local blood flows; ORO — oxygen regimes of organism;
v — alveolaf ventilation (air volume that pass through alveolar space during 1 min)

for pharmacological correction of hypoxic
states that occur with the complication of
disease course as well. The bases for the
used methodology were observed as well
as mathematical models of respiration and
blood circulation systems. The information
about the developed models of respiratory
and blood circulatory systems and their use
for the solution of practical and theoretical
problems in medicine and physiology were
suggested. For simulation of hypoxic state
caused by SARS-CoV-2, we proposed to
use the integrated mathematical model of
functional respiratory and blood circulatory
systems, thermoregulation, and immune
response one to forecast the course of viral
disease. The structural scheme of complex
mathematical model for the investigations
of main functional systems (respiration,
blood circulation, heat transfer, and immune
response), their pharmacological correction
as well as mechanisms of their interaction
and interconnection during the life activities
in extreme conditions of the external and
internal environment was demonstrated. In
the result, the complex of information support
for imitation of viral disease course as well as
for it pharmacological correction caused by
the organism hypoxic states were developed.

36

For today, this mathematical integrated
model has theoretical significance only. It is
based on the information about the clinically
registered manifestations of coronaviral
(SARS-CoV-2) disease available in the public
domain. Therefore, this model requires further
perfection. In particular, it seems necessary
to clarify some characteristics of respiratory
gases transport through the alveolar-capillary
membrane, peculiarities of gas exchange in
the alveolar space, which cause the decrease of
blood oxygenation. These are the problems that
need to be solved in close collaboration with the
professionals in medicine. At the same time,
the imitation on this model the development
of infectious disease and associated hypoxic
state is one of the possible and quite effective
tool for solving the tasks associated with
the support of patients in acute hypoxic
respiratory and heart failure caused by the
complications of viral (SARS-CoV-2) disease.

“To develop mathematical models of the
integration organisms of functional systems
for a body and methods of integration of their
mathematical models to maintain the reliability
and safety of human life in extreme conditions”
(State registration number 0114U001052).
2014-2018 Research work B.F.170.09.
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MeToio po6oTu 0yJIO CTBOPEHHS KOMILIEKCHOI
MaTeMaTU4YHOI MOeJIi, 110 iMiTye mepebir 3axBo-
pioBaHHs, cupuunHeHoro Bipycom SARS-CoV-2,
Ta (h)apMaKOJOTiUYHOI KOPEKIlii INIOKCUYHUX CTaHiB
OpraHisMy B pasi YCKJIaJHEHHA ITHOT0 3aXBOPIOBAH-
Hs. B 11i#t poboTi 6yJI0 BUKOPUCTAHO METOIU MAaTe-
MATUYHOTO MOJIETIOBAHHS Ta TEOPil ONITUMAIBHOTO
KepyBaHHA PyXoMUMHU 00’€KTaMu. 3alIpOIOHOBaHA
MaTeMaTUYHa MOeJb CKJagajacd 3 MaTeMaTuy-
HUX Mojegeil (GpYHKI[IOHATLHUX CHUCTEM AUXAHHSA
Ta KPOBOOOITY, TEPMOPETyJIsIlil, iMyHHOI BigmoBii,
epuTpomoesdy Ta papMaKoJoriuHol KopeKItii. [aa
miei mozesti 0yJ10 B3ATO iHAUBiAyaIbHI HaHi malfieH-
Ta i 3ificHeHO iMiTallifo BipyCHOTO 3aXBOPIOBAHHA.
IIporuosyBasu peakIiii opraniB fuxaHHa Ta KPOBO-
00iry: po3paxoBaHO MaPIiaJbHUN TUCK TUXAJTbHUX
rasiB y aJIbBEOJIIPHUX IIPOCTOPAX Ta iXHIO HATIPYTY
B KPOBI JIeTeHeBUX KalllJIApiB, apTepiaabHOI Ta 3Mi-
maHoi BEeHO3HOI KPOBi Ta TKaHMHHOI piguuu. lami
iMiTyBasmM iH’€KIlif0 AHTUTIIIOKCAHTY Ta PO3pPaxo-
BYBAJIU 3HAUEHHS TUX caMux mapaMerpiB. Takum
YMHOM MOKHA 0yJ10 BUOpATH HAMOIIBIII ONITUMAJTE-
HU cI0ci0 KOPEKITii MITOKCUYHOTO CTaHy JAJIA Oy Ib-
AKol JogunHEu. Ha chboromHi 115 MOEJb € CYTO Teo-
PETHUYHOIO, OCKiIbKY MOJEJi CUCTEMU JUXAHHSI Ta
KPpOB00O6iTy 0yJ10 po3p0o0JIeHo Ha ycepeaHeHi nami, i
BOHU HE BPaXOBYIOTh OCOOJIMBOCTEI OKpPeMUX ocio,
indirkoBanux SARS-CoV-2. 3okpema, 1ie CTOCYEThCA
Ta3000MiHy B aJIbBEOJIIPHOMY ITPOCTOPI MOXKJIUBUX
0CcO0JIMBOCTEM TPOHUKHOCTI AMXAJIbHUX TasiB uepes
aJIbBEOJISIPHO-KAIIIApHY MeMOpany. OZHaK e OqUH
i3 MOXKJIMBUX HAIIPAMIB BUPilIeHHA CKJIQJHUX 3a-
BIaHb, ITIOB’A3aHUX 3 JIIKYBAHHAM 3aXBOPIOBAaHH,
cupuunHeHoro Bipycom SARS-CoV-2. ¥V pesyabraTi
0yJio PO3PO0IEHO KOMILIEeKC iH(opMaIifHol mif-
TPUMKHU IJ1dA imiTarii mepebiry BipycHUX 3aXBOpIO-
BaHb, a TAKOK (DapMaKOJIOT1YHOI KOPeKIIii crpuyn-
HEHUX HUMU TiTIOKCUYHUX CTAHiB.

Kanawuosi cnosa: Bipyc SARS-CoV-2, mozmenb
iMyHHOTO BifITYyKy, MaTeMaTUYHA MOJIEJIb TUXAJIhb-
HOI cucTeMu, TiTOKCUYHUI CTaH, iHQEKIiliHe
ypasKeHHA.
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HNHTEIPUPOBAHHAS MATEMATHYECKASA
MOJEJIb JJI1 MOAEJIUPOBAHUA
TEYEHUA BUPYCHOI'O SABOJIEBAHUA 1
KROPPERIINH BBISBAHHOI'O UM
TAIIOKCHYECROI'O COCTOIHU A
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ITenbio paboTHI OBLIO CO3MaHNE KOMILIEKCHOMR
MaTeMaTUUeCKOi MoAean, UMUTUPYIOIeil TeueHme
3abosieBaHUsA, BhI3BaHHOTO Bupycom SARS-CoV-2,
¥ (PapMaKOJIOTMIECKON KOPPEKIIUY M’MIOKCUYECKUX
COCTOSTHUIT OpTaHM3Ma, BOSHUKAIOITUX B CIydae oc-
JIO’KHEHUA 3TOoro 3aboneBanHud. B aToii pabore uc-
MOJIb30BAJINCH METOIbI MATEMATUUYECKOT'0 MOIEJIH-
pOBaHUSA U TEOPUH ONITUMAJIBHOTO VIIPABJIEHUA ABU-
JKyIHuMucs oobekramu. Ilpemiaraemas mareMaTu-
yecKas MOJIEeJIb COCTOSIA M3 MaTeEMaTUYEeCKIX MO/Ie-
Jet GYHKITMOHAIBHBIX CUCTEM ABIXaHUA U KPOBOO-
OpalreHus, TepMOPETYIAINUNT, UMMYHHOT'O OTBETA,
SPUTPOII033a U (PapMaKOJIOTUUECKON KOPPEKIIUN.
Hs aT0l MoAeau ObLIV B3ATHI MHAWBUAYATbLHBIE
DaHHbIE MTallieHTa U CMOAeJIMPOoBaH ah(PEKT B BUIe
BUpycHOro 3a6omeBanusi. COpOrHO3UPOBAHBI peaK-
I ObIXaTeJbHOM U KPOBEHOCHOM CUCTEM: pacCUu-
TaHbI TAaPIIHAIbHOE JaBJIeHNE AbIXaTeJbHBIX Ta30B
B aJIbBEOJIAPHBIX IIPOCTPAHCTBAX U X HATIPKEHIIE
B KPOBU KallWJLJIAPOB JIETKUX, AapTePUATHHOIT U CMe-
IIaHHOM BEHO3HOII KPOBU U TKAHEBOU JKUIKOCTH.
Hastee UMUTHPOBAIN MHBEKIINIO AHTUTUIIOKCAHTA
M PacCUMTHIBAJIN 3HAUEHUS TeX Ke ITapaMeTpOB.
Takum 06pa3oM MOKHO OBLIO BHIOpPATh Hambojee
OIITUMAJIbHBIIN CII0CO0 KOPPEKIIUU TUITOKCHUUECKOT0
COCTOSTHUSA IJIsI CPeIHECTAaTUCTUUECKOTO UeIOBeKa.
Ha cerogusinnuii 1eHb 9Ta MOZEJIb ABJISIETCS YHCTO
TEOPeTUUECKOIl, TOCKOJIbKY MOJIEJIV CUCTEMBI AbIXa-
HUA ¥ KPOBOOOPAIIeHMA ObLIN paspaboTaHbl ycpes-
HeHHbIe TaHHble, U He YUUTHIBAIOIE 0COOEHHOCTH
OTIeJbHBIX JIUIT, HHPUIIpoBaHHLIX SARS-CoV-2.
B uacTHOCTH, 5TO Kacaercs razoo0MeHa B aIbBEO-
JIIPHOM IIPOCTPAHCTBE M BOBMOXKHBIX 0COOEHHOCTEI
TTPOHUIIAEMOCTH AbIXaTeJIbHBIX Ta30B Uepes aabBeo-
JSAPHO-KaOWLIAPHYIO0 MeMOpany. OZHaKO 3TO OTHO
13 BO3MOXKHBIX HAIIPABJIEHUN PEIIeHUA CIOKHBIX
3aJ]au, CBA3AHHBIX C JIeUeHNEeM 3a00JIeBaHUsA, BbI-
3BaHHOro Bupycom SARS-CoV-2. B pesyibrare ObLT
paspaboTaH KOMILIEKC NH(OPMAIIOHHON IOAAePIK-
KU )i UMUTAIIUY TeYEeHUS BUPYCHBIX 3a00JeBa-
HUH, a TaK:Ke (DapMaKOJOTTYeCKON KOPPEKITUU BbI-
3BAHHBIX MU TUIIOKCUYECKUX COCTOSHUI.

Knwmouesvte cnosa: Bupyc SARS-CoV-2, monmennb
UMMYHHOTO OTKJIMKA, MaTeMaTHYecKas MOIeJb
IBIXaTeJbHON CHUCTEeMbI, TUIIOKCUUYECKOe COCTOS-
HUe, NHPEKIINOHHOE II0PaKeHue.
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The aim of this study was to evaluate the toxicity of noncovalent nanocomplex of Cg, fullerene
with cisplatin (Cg(-Cis-Pt) against normal cells. The toxicity of the Cgy-Cis-Pt nanocomplex compared
to the free Cis-Pt was studied by estimating kidney human embryonic (HEK293) cells viability using
MTT assay and rat erythrocytes resistance to acid haemolysis. It was shown that free 40 uM Cis-Pt
changed the morphology and reduced the viability of HEK293 cells, as well as increased the number
of haemolyzed erythrocytes compared to the control. According to the investigated parameters anal-
ysis no cytotoxic effects of Cgo-Cis-Pt nanocomplex was observed at Cis-Pt equivalent concentration.
The prevention of Cis-Pt toxic action against normal cells by its complexation with Cg, fullerene opens
the prospect of nanostructure usage as an effective cytoprotector and a target carrier in tumor cells.

Key words: Cg4, fullerene, cisplatin, nanocomplex, HEK293 cells, cytotoxicity, erythrocytes, hae-

molysis.

The use of biologically active nanomaterials
for targeted drug delivery, enhancement of
the traditional anticancer drugs therapeutic
efficacy and prevention of its side effects is
a significant and complex problem of modern
biotechnology. The representative of carbon
nanostructures Cg, fullerene is promising
in this direction. It is a chemically stable,
nanosized (0.72 nm), almost spherical and
hydrophobic molecule that penetrates through
biological membranes, localizes within cells
[1-3]. As is known, chemical modification
affects the physical, chemical and biological
properties of Cg, fullerene. Pristine Cg,
fullerene and its water-soluble derivatives
do not cause toxic effects [1, 4, 5]. The
accumulation of Cg, fullerene in tumors of the
liver, stomach, intestine, lungs, bones and
its selective damaging effect on malignantly

transformed cells was detected [6—8]. The
surface structure of C4y molecule with a system
of double m-conjugated electron-deficient
bonds is unique and determines the properties
of this nanostructure as an antioxidant
(free radical scavenger) [9, 10] as well as its
ability to generate reactive oxygen species
(ROS) after UV-Vis light irradiation [11-14]
that can be used in photodynamic therapy of
tumors. Besides, Cgy fullerene can form stable
complexes with chemotherapeutic drugs [15—
17], that can be used to optimize their action.
The traditional broad-acting anticancer
drug is cisplatin (cis-diaminodichloroplatinum,
cis-[Pt(II)(NH;),Cl,], Cis-Pt), the cytotoxic
effect of which is caused by DNA damage and
oxidative stress induction [18—22]. Despite
the negative side effects of Cis-Pt, it is widely
used in antitumor therapy. Clinical usage of
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Cis-Pt might be increased with improving its
selectivity, overcoming drug resistance and
reducing toxicity.

To increase the effectiveness of Cis-Pt
antitumor effect and minimize its side effects,
a noncovalent nanocomplex of Cg, fullerene
with Cis-Pt (Cgy-Cis-Pt) was created [23].
Estimation of Cg,-Cis-Pt nanocomplex toxicity
is an important prerequisite of its usage for
biomedical purposes. Thus, the aim of this
work was to estimate the toxic effect of free
Cis-Pt against normal cells in comparison with
Cgo-Cis-Pt nanocomplex.

Materials and Methods

Creation of Cgy-Cis-Pt nanocomplex. Cg
fullerene aqueous colloid solution (CgFAS)
(150 pg/ml, 2-10"* M, purity 99.95%) was
prepared at the Technical University of
Ilmenau (Germany) as described in [24, 25].
Cgo FAS is characterized by a high Cg, fullerene
concentration and stable up to 12 months at
+4 °C.

To generate Cg,-Cis-Pt nanocomplexes, the
Cego solution (150 pg/ml) and Cis-Pt (Sigma,
USA) solution in 0.9% NaCl saline (150 ng/ml)
were mixed in 1:1 volume ratio. The mixture was
sonicated with ultrasound (22 kHz, 20 min) and
stirred (400 rpm, 18 h). Final concentrations
of Cgq fullerene and Cis-Pt were 75 ng/ml
(104 pM) and 75 pg/ml (250 uM), respectively.
The stability of Cgy-Cis-Pt nanocomplexes in the
aqueous medium was confirmed by the results
of the dynamic light scattering technique [26].
The calculated dissociation constant for the
obtained noncovalent Cg4,-Cis-Pt nanocomplex
is~2mM[27].

Cell culture. Non-tumor HEK293 (human
embryonic kidney 293) cells were kindly
supplied by the Bank of Cell Cultures and
Transplantable Experimental Tumors of Ka-
vetsky Institute of Experimental Pathology,
Oncology, and Radiobiology of the National
Academy of Sciences of Ukraine (Kyiv,
Ukraine). Cells were maintained in DMEM
(Sigma-Aldrich Co, Ltd, USA) supplemented
with 10% fetal bovine serum (Sigma-Aldrich
Co, Ltd, USA), 50 U/ml penicillin and 100
ng/ml streptomycin at 37 °C in a humidified
atmosphere with 5% CO,. Cells were incubated
for 24 h with or without free Cis-Pt or Cgy-
Cis-Pt nanocomplex in Cis-Pt equivalent
concentration.

Cell viability was assessed by the MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] (Sigma-Aldrich Co, Ltd,
USA) reduction assay [28]. At indicated time
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points of incubation 100 pl aliquots (10x103 cells)
were placed into the 96-well microplates Greiner
(Sigma-Aldrich Co, Ltd, USA), 10 ul of MTT
solution (4 mg/ml in phosphate-buffered saline
(PBS)) was added to each well and the plates were
incubated for another 2 h at 37 °C. Precipitates
were dissolved with 100 ul of dimethyl sulfoxide
(DMSO) (Sigma-Aldrich Co, Ltd, USA).
Diformazan formation was determined by
measuring absorption at 570 nm with a microplate
reader pQuant (BioTEK, USA).

Curve fitting and calculation of the half-
maximal inhibitory concentration (ICj,
value) were done using GraphPad Prism 7
(GraphPad Software Inc., USA). Briefly,
individual concentration-effect curves were
generated by fitting the logarithm of the tested
compound concentration versus corresponding
normalized percent of cell viability values
using nonlinear regression.

Cells morphology was investigated
using phase-contrast microscopy (Olympus
CKX41SF, Japan). For light microscopy
images an Olympus SP-500UZ (Indonesia)
camera was used.

Erythrocytes haemolysis. Erythrocytes
isolated from the heparinized rat blood, were
incubated at 37 °C with or without Cgy-Cis-
Pt nanocomplex. Erythrocytes haemolysis
was induced by addition of hydrochloric acid
to the final concentration of 0.001 N [29].
Measurements of the haemolysis dynamics
were carried out for 2 min with a 10 s interval
on the spectrophotometer (Scinco, Germany) at
A =630 nm.

All experiments with animals in this study
were performed according to the Bio-Ethics
Committee of the abovementioned institution.

Statistical analysis was performed using
two-way ANOVA followed by post Bonferroni
tests. The IC;, value was represented as M = SD
of more than four independent experiments. A
value of P < 0.05 was considered statistically
significant.

Results and Discussion

Viability and morphology of HEK293 cells.
Cytotoxic activity of Cgo-Cis-Pt nanocomplex
against HEK293 cells in Cis-Pt equivalent
concentrations of 5—40 pM in comparison with
the free drug was studied by MTT test at 24 h
of incubation. The viability of cells incubated
without additions of Cg, fullerene, Cis-Pt, or
Cgo-Cis-Pt nanocomplex was taken as 100%
(control).

No effect of Cg4, fullerene used alone in
the range of 2.8-16.6 uM concentrations,
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equivalent to those in Cgy-Cis-Pt nanocomplex,
on HEK 293 cells viability during the incubation
period was detected (data are not presented).
The calculated IC;, values for Cg, fullerene
(IC;y = 530 uM) (Table 1) action on HEK293
cells showed that it is a low toxic compound.
These results are in a good agreement with the
literature data. Thus, the toxic effect of pristine
Cgo fullerene against normal baby hamster
kidney BHK-21 cells were observed only at high
440 pM concentration [30].

We have detected the cytotoxic effect
of Cis-Pt against HEK293 cells at 40 uM
concentration. Under the action of the drug
at this concentration cell viability at 24 h
was reduced by 28% compared to the control
(Fig. 1). The decrease of HEK293 cells viability
by 43% compared to the control under the
action of 50 uM Cis-Pt was also demonstrated
in [31]. The calculated IC;, value for Cis-Pt was
shown to be 75 uM (Table 1).

Table 1.1ICyq values for Cg fullerene, Cis-Pt
and Cg-Cis-Pt nanocomplex in HEK293 cells

(M +m,n=06)
Compounds IC59 (nM), 24 h
Cgo fullerene 530 =43
Cis-Pt 75 +5.6
ngr(lig-c?)irigIZx 90 + 6.8

Note: * — P < 0.05 in comparison with Cis-Pt.

1409 Bt
BCED-Cis-Pt nanocomplex

24 h
120 4
100 4
+

BO 4 *

60 o

40 4

20 4

04

5 10 20 40

Concentrations Cis-Pt, pM

Cell viability, %

Fig. 1. Viability of HEK294 cells treated
with free Cis-Pt or Cgy-Cis-Pt nanocomplex
in Cis-Pt equivalent concentrations at 24 h
of incubation (M + m, n = 6):
* P < 0.05 in comparison with control (untrea-
ted cells); # P < 0.05 in comparison with Cis-Pt

With the action of 5 uM Cgy-Cis-Pt
nanocomplex the viability of HEK293 cells was
increased by 20% compared to the control (Fig.
1), probably due to the initial adaptive response
to the compound. Cgy-Cis-Pt nanocomplex
at 40 nM Cis-Pt equivalent concentration
inhibited HEK293 viability, but the toxic
effect appeared to be only 18% as compared
to control (Fig. 1). The calculated value of ICj,
for Cgy-Cis-Pt nanocomplex was higher (90 pM)
than that for free Cis-Pt (Table 1) confirming
the decreased cytotoxicity of Cis-Pt against
non-tumor cells at complexation with Cg,
fullerene.

Morphological studies showed that
untreated (control) HEK293 cells formed
elongated epithelioid structures and dense
monolayer in some areas, a large number of
intercellular contacts were observed. The
cytotoxic effect of 40 uM Cis-Pt on HEK293
cells was evidenced by morphological changes
of cells (Fig. 2, Table 2).

Most of HEK293 cells treated with
40 pM Cis-Pt were characterized by atypical
morphology and smaller size (Table 2). No
evident effect of Cgy-Cis-Pt nanocomplex in
equivalent 40 nM Cis-Pt concentration on cells
morphology was detected.

Therefore, the toxic effect of Cis-Pt on
normal cells at complexation with Cg, fullerene
was reduced. The protective effects of Cg
fullerene against the toxic effects of Cis-Pt
may be due to the antioxidant properties of the
carbon nanostructure [32, 33, 34]. We have
previously shown that Cg, fullerene prevented
ROS production in thymocytes and prevented
the decrease of thymocytes viability induced by
Cis-Pt[35, 36].

Erythrocytes haemolysis. The use of
platinum-based drugs in chemotherapy is
limited due to its high haematotoxicity,
that is the cause of haemolytic anemia and
bone marrow disease [37]. So the search for
erythrocyte protection pathways against drug
damage is of current interest.

The effect of Cis-Pt and Cgy-Cis-Pt
nanocomplex at the level of cells plasma
membrane was estimated by the dynamics of
erythrocytes haemolysis, which reflects the
dynamics of erythrocyte plasma membrane
destruction and the release of haemoglobin into
the environment. Erythrocytes haemolysis of the
control (untreated red blood cells) was accelerated
at 40 s after the treatment with haemolytic and
reached the maximum at 60 s, the number of
haemolyzed cells was 30 = 2% (Fig. 3).

Haemolysis of erythrocytes treated with
40 uM Cis-Pt slightly slowed, however, the
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Control

Cis-Pt Cgo-Cis-Pt nanocomplex

Fig. 2. Microphotographs of HEK293 cells incubated for 24 h in the presence
of free 40 pM Cis-Pt or Cg-Cis-Pt nanocomplex
(phase-contrast microscopy, x 400)

Table 2. Morphological features in HEK293 cells
at 24 h after action 40 nM Cis-Pt
or Cg(-Cis-Pt nanocomplex (M = m, n = 6)

Changes
. Roud shape
Compounds (‘:‘i{fﬁgﬁl Smaller | and nonad-
holo cell size | herent pat-
P gy tern
Cis-Pt o+ ++ et
CGO-CiS-Pt
nanocom- + - +
plex

Note: + few, ++ moderate, +++ severe,
++++ many.

-~
[=]
'

=c=control
——Cis-Pt *
=== C60-Cis-Pt nanocomplex

[=2]
[=]

g

Erythrocytes, %
g &

Time, s

Fig. 3. Erythrocytes haemolysis after action 40 pM
Cis-Pt or Cg(-Cis-Pt nanocomplex (M + m, n = 6):
* P < 0.05 in comparison with control
(untreated cells)
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number of haemolyzed cells reached 55 =
2% (Fig. 3), indicating on Cis-Pt-induced
decrease of cells resistance to haemolysis.
As it was shown in [38], Cis-Pt at 35 nM
concentration caused morphological changes
of human erythrocyte membrane by
embedding into the inner layer of cells. The
extranuclear mechanism of Cis-Pt cytotoxic
action is associated with its high affinity to
phosphatidylserine the inner monolayer of the
erythrocyte plasma membrane [39].

Cgo fullerene at 16.6 nM concentration
equivalent to that in Cgy-Cis-Pt nanocomplex
did not change parameters of erythrogram,
indicating on the absence of haemolytic effect of
carbon nanostructure (data are not presented).
As it was shown by us previously [40, 41], the
slight haemolytic activity of Cg, fullerene was
detected at concentrations > 50 uM.

No haemolytic effect was detected
when erythrocytes were treated with
Cgo-Cis-Pt nanocomplex at 40 pM Cis-Pt
equivalent concentration. The parameters of
erythrogramm were the same as in control (Fig.
3) indicating that Cg, fullerene weakened Cis-Pt
interaction with erythrocyte membrane and was
able to increase the resistance of erythrocyte
membrane to Cis-Pt induced haemolysis.

The data obtained showed that the
cytotoxic effect of Cis-Pt against normal
cells was prevented at complexation with Cyg,
fullerene and that Cg4y-Cis-Pt nanocomplex
has a potential to be used for minimization of
anticancer drug side effects.

This work was partially supported by the
budget themes of Taras Shevchenko National
University of Kyiv (State Registration
Numbers 0119U100316 and 0119U100331).

The authors declare that they have no
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Cis-Pt Ha HOpMabHBIE KJIETKHU IIPU KOMILIEK-
coobpaszoBauuu ¢ Cq, QyLIepeHOM OTKPHIBAET
TePCIeKTUBY MPUMeHEeHU A HAHOCTPYKTYPHI KaK
3 GEKTUBHOTO IUTOIPOTEKTOPA U TaPTreTHOTO
HOCHUTEJIS B OIIyXO0JIEBbIE KJIETKMU.

Kntouesvie cnoea: Cgy QyiiepeH, IUCIIATHH,

HanoxkoMmiLiekc, HEK293 KieTKu, IUTOTOKCHY-
HOCTb, 3PUTPOIUATEI, TeMOJII3.

51



BIOTECHNOLOGIA ACTA, V. 13, No 3, 2020

UDC 616-056.52+615.322 https://doi.org/10.15407 /biotech13.03.052

STUDIES OF EFFICIENCY OF THE COMPOSITE
SYSTEM “LYMPHOSILICA” IN MODELING
EXPERIMENTAL OBESITY IN RATS

G.V. Ostrovska® 'ESC “Institute of Biology and Medicine”

T.V. Krupska® of Taras Shevchenko National University of Kyiv, Ukraine
L. M. Pazyuk?

M. E. Dzerzhynsky' 2Chuiko Institute of Surface Chemistry

V. V. Turov? of the National Academy of Sciences of Ukraine, Kyiv

E-mail: krupska@ukr.net
Received 28.01.2020
Revised 16.05.2020
Accepted 30.06.2020

The features of the influence of the nanocomposite system (Lymphosilica supplement), which was
created on the basis of hydroconsolidated finely divided silica and plant materials with a high content
of polyphenols, flavonoids, terpenes, polysaccharides on liver cytophysiological characteristics
under the conditions of the development of metabolic syndrome and hepatotoxicity under simulated
alimentary, were studied.Biochemical studies of blood serum and histological analysis of liver tissue
were performed. It was shown that a high-calorie diet of rats over 100 days leads to the development
of individual manifestations of obesity and metabolic syndrome, which are expressed in an increase
in body weight and visceral fat, the development of the initial and middle stages of parenchymal fatty
liver dystrophy with a decrease in morphological manifestations of the synthetic activity of the
nucleus, with slight deviations at the biochemical level.The introduction of a phytocomposite does
not lead to pathological changes in the organism of rats, but in some cases leads to manifestations of
“adaptive stress” of liver hepatocytes, both with a standard diet and with a high-calorie diet. The
positive effect of the composite system on reducing the proportion of visceral fat (by 38%) in rats
with a standard diet was shown, and against the background of simulated alimentary obesity,
normalization of the level of bilirubin (25 % decrease compared with alimentary obesity) and its
fractions, lower levels cholesterol and alkaline phosphatase (in both cases by 19% compared with
initial obesity), increased globulin fractions of blood serum, protective effect against dystrophic
changes in liver tissue.

Key words: nanocomposite, Lymphosilica, nanosilica, rats, alimentary obesity, hepatocytes of the-
liver, visceralfat.

The efficacy (biological activity) of
pharmacological preparations can be enhanced
by inclusion in the dosage form the substances
that provide a dosed, prolonged release of
active substances, their delivery in an intact
state to the absorption site and activity
sensitizers, which create accelerated mass
transfer zones in the absorption sites ensuring
increased drugs bioavailability. It was assumed
that creation of such systems would reduce
the pharmacological burden on a body by
increasing the bioactivity and bioavailability
of pharmaceuticals and eliminate the
possibility of temporary hyperconcentration
of toxic substances in various parts of the
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body. In particular, the inclusion of drugs
in a matrix of biocompatible polymers, such
as polyacrylamide, polyurethane, polyvinyl
alcohol, etc. would significantly slow down
(from several minutes to several days) the
process of active substances releasing [1, 2].
However, notwithstanding the polymers used
are easily combined with body tissues and do
not cause adverse reactions, their elimination
is a long multi-stage process. An alternative
direction is the use of biodegradable polymers
and biopolymers in composites with highly
dispersed fumed silica (HDS). At the same
time, HDS can perform several functions.
It creates a spatially ordered system that
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provides optimal conditions for bioactive
drugs releasing; serves as a rate controller
of substances releasing from the cellulose
matrix of medicinal plants; acts as a means
of drug delivery to the intestinal mucosa
and influences actively on mass transfer in
the absorption zone due to the formation of
nanostructured layers of aqueous solutions
with increased solubility of weakly polar
organic compounds (which are related the
majority of drugs)[3].

Silica is widely used for biomedical
purposes not only as a concomitant substances
giving the dosage forms the necessary physico-
chemical properties, but also as an independent
drug with a pronounced detoxifying effect,
well established in the treatment of food
poisoning, bacterial and wound infections
[4—-6]. In recent years, technologies have also
been developed for the use of porous silicas as
means of targeted drug delivery, involving the
creation of nanoscale channels in silica film
samples into which a drug can be introduced
[7—9]. One of the most important applications
of such nanotechnologies is the development of
new systems for the controlled release of drugs,
with their protection against physiological
degradation or elimination [10, 11].

As a medicine for creating a nanocomposite
system based on hydrocondensed HDS, the
complex highly dispersed plant composite
system “Lymphosilica” was used, developed
at Chuiko Institute of Surface Chemistry of
the National Academy of Sciences of Ukraine
[12], containing the components of raw
Echinacea purpurea, Sudanese rose, dandelion
root, enriched with polyphenols, in particular
flavonoids (anthocyanins, quercetin),
terpenes, polysaccharides.

The effectiveness of the composite system
is due to the fact that plant polyphenolic
compounds are able to mobilize their own
mechanisms of homeostasis in a living
organism, stimulate the function of
the adrenal cortex, and the secretion of
glucocorticoid hormones. Besides, due to
HDS presence, it is detoxicant and has a high
antioxidant, wound healing, antimicrobial,
antifungal, and protistocidal action [13,
14]. Polyphenolic compounds are aplied
in medical practice for acute and chronic
colitis, enteritis, gastritis, inflammatory
processes of the oral cavity, ulcers, for
detoxification and recovery of the body in
chronic diseases. Particularly important
is the positive effect of polyphenols on
pathogenesis of such conditions as metabolic
syndrome, obesity, diabetes, fatty liver. Non-

alcoholic fatty liver disease (NAFLD) is one
of the leading causes of chronic liver damage
worldwide [15]. Over the past decades, the
use of herbal preparations for NAFLD has
received increasing attention due to their
wide availability, low side effects and proven
therapeutic mechanisms [16].

The aim of this work was to study the
effects of “Lymphosilica” composite system
created on the basis of hydrocondensed silica
and plant materials on the manifestations of
metabolic syndrome and hepatotoxicity in
simulated alimentary obesity in rats.

Materials and Methods

Research drugs. We used finely dispersed
silica of the A-300 grade obtained by the Kalush
experimental plant of the Chuiko Institute of
Surface Chemistry of the National Academy
of Sciences of Ukraine. The composition of
the phytocomposite “Lymphosilica” includes
hydroconsolidated silica (Hidrosil, TU U 20.1-
3291669-015:2016) with a bulk density of py =
300 mg/cm?® and components of micronized
plant material — Hibiscus sabdariffa,
Taraxacum officinale, Calluna vulgaris,
Calendula officinalis, Trifolium pratense,
Echinacea purpurea, Elytrigia repens. When
creating the composite system “Lymphosilica”,
silica and phytocomponents were mixed by
four-hour processing in a ball mill. The content
of the plant component was 30 wt.% .

Experimental groups of animals. The rat
parameters of seven experimental groups
were analyzed in the work (n = 8 in each
group) (Table 1). The initial body weight of the
animals was 120 £ 7 g. An initial experiment
was preliminarily carried out. During 95 days
it was modeling alimentary obesity in animals.
Herewith the use of highly dispersed silica
(HDS) both in pure form and in the said of a
nanocomposite system was applied. At the
same time, some of the animals were kept
on a standard diet, while the rest simulated
the development of the metabolic syndrome
through the use of high-calorie diets enriched
in fats and carbohydrates [17]. The animals
received pure HDS, pure phytopreparation (a
mixture based on raw materials of Echinacea,
Sudanese rose, dandelion rhizome, enriched
with polyphenolic compounds), or a composite
system based on HDS and phytocomposite
(“Lymphosilica”) as well. The drugs were
administered orally with feed water in the
form of an aqueous suspension in a volume of
2 ml per animal (in the morning, 1 hour before
a meal).
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In all groups of animals, at the end of
the period of modeling obesity after instant
decapitation, the general morphometric
parameters of the body (body weight, growth-
weight coefficient (body mass index —
Ketle index), and the mass of visceral and
subcutaneous fat) were determined. For
biochemical and histological analysis,
blood serum and organs of the digestive,
excretory and endocrine systems, as well
as heart and adipose tissue of various types
and localizations (white and brown fat,
subcutaneous and visceral fat) were selected.

All animal experiments were performed in
compliance with the international principles
of the European Convention for the Protection
of Vertebrate Animals used for Experimental
and Other Scientific Purposes (Strasbourg,
1986), Article 26 of the Law of Ukraine “On the
Protection of Animals from Cruel Treatment”
(No. 3447-1V, 02.21.2006), as well as all the
norms of bioethics, biological safety and
general ethical principles of animal experiments
adopted by the First National Congress of
Ukraine on Bioethics (September 2001).

Biochemical analysis of blood serum. In the
blood serum of all the studied rats, the levels
of total bilirubin and its individual fractions
were determined [18] as well as total plasma
protein, its albumin and globulin fractions
[19, 20], glucose [21], cholestrol [22], and
the activity of the enzymes alanine and
aspartate aminotransferase (ALT and AST,
respectively) [23, 24], alkaline phosphatase
(ALP) [25]. The level of bilirubin and its
fractions was determined using the Biosystems
S.A. diagnostic kit. (Spain). The levels of all
other indicated serum components and its

enzymatic activity were determined using
standard LiquickCor diagnostic kits (Cormay,
Poland). Spectrophotometric measurements
were performed on a Sinnowa BS-3000M
biochemical analyzer.

Histological analysis. In order to study
the effect of nanocomposite systems on the
development of histopathological processes
in the liver, a macroscopic analysis was
done (description of the liver in appearance,
anatomical structure, color of the organ,
state of the parenchyma and capsules),
and histological analysis of this organ.
For histological examination, a standard
preparation technique was used. To do this,
the liver was fixed in 10% formalin, pieces of
the organ 1.5x1.5 cm in size were dehydrated,
enlightened and soaked in paraffin. The
sections of 5—6 pm thick were stained
with hematoxylin and eosin to obtain an
examination histological specimen.

Subsequently, the obtained histological
preparations were analyzed using a light
microscope in order to reveal morphological
changes in the structure of the histostructure
of the lobules of the liver and hepatocytes
(the area of hepatocyte nuclei, the state of
blood vessels, pathomorphological changes).
To do this, micrographs were taken using
the System Microscope installation with an
Olympus BX 41 system video camera equipped
with a Camedia C-5050 zoom digital camera
and Olympus DP 80 FT 3.2 software based
on a Pentium 4 computer with Windows XP
operating system. To evaluate morphometric
changes in digital micrographs using the
Imaged program, we measured the area of
hepatocyte nuclei (150-250 values per each

Table 1. Experimental groups of animals (7 = 8 in each group)

Group . e
designations Experiment Conditions
1K Control, standard food and water regimen
9 A Standard food regimen + aqueous suspension of HDS (0.3 g/kg body weight, in the
morning, 1 hour before meal)
Standard food regimen + phytopreparation suspension (0.3 g dry matter/kg body
weight, in the morning, 1 hour before meal)
Standard food regimen + composite system (HDS suspension with phytopreparation,
4 AF : .
0.3 g/kg, in the morning, 1 hour before meal)
50 High-calorie diet (modeling of obesity, without additional administration of other
substances)
6 OF High-calorie diet + suspension of herbal remedies (0.3 g/kg, in the morning, 1 hour
before meal)
7 OAF High-calorie diet + composite system (0.3 g/kg, in the morning, 1 hour before meal)
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series) and calculated the percentage of 1-
and 2-nuclear cells and performed statistical
analysis using the Student’s #-test, while the
difference was considered probable at P<0.05.

Results and Discussion

Morphometric parameters of rats in groups
with different diets and the use of additives
based on silica.

It was found that differences in the weight
of animals in groups with different diets were
observed, starting from 75 days of modeling
obesity. During this period, a decrease in
body weight gain was revealed in animals that
received pure HDS, phytopreparation, or a
composite system of HDS + phytopreparation
(Fig. 1). This primarily concerns animals that
were on a standard diet (groups 2A, 3F, 4AF).
In animals on a high-calorie diet, a decrease in
weight gain with the introduction of a sorbent,
herbal preparation or composite system
(groups 6 OF, 7 OAF) did not cause significant
changes compared with animals that were on
the same diet, but without additives.

During the experimental period, no
significant difference was found in the growth-
weight coefficient (the Ketle body mass index
varied in different groups in the range of 6.51—
7.34) and in the weight of subcutaneous fat
in animals of all groups, except for the group
(6 OF), receiving herbal medicine against the
background of a high-calorie diet (Fig. 2). At
the same time, the weight of visceral fat, which
accumulation is one of the manifestations of
the metabolic syndrome, was significantly
lower in animals treated with both free herbal
medicine (by 34% ) and a composite system (by

2007
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38%) (Fig. 2). However, this decrease applies
only to animals that were on a standard diet,
while against a background of high-calorie
nutrition, the mass of visceral fat not only keep
up decrease, but even increases with additional
introduction of phytopreparation (Fig. 2),
which, obviously, promotes absorption excess
carbohydrate and lipid components.

Biochemical parameters of rat blood serum
in groups with different diets and when using
additives based on silica.

Determination of total protein and protein
fractions in blood serum gives an idea of
the level of protein nutrition and helps to
diagnose manifestations of hepatopathy and
nephropathy. The concentration of total
protein in serum depends mainly on the
synthesis and decomposition of two main
protein fractions: albumin and globulins.

Our studies showed a significant (11%)
increase in total blood protein in groups 2 A
(standard diet with HDS) and 7 OAF (composite
nanosystem against a high-calorie diet)
(Table 2). These changes are due to an increase
in the absolute and relative content of globulins,
with a constant absolute content of albumin.
Such growth is small (6—9% ), but significant,
both when pure HDS is introduced into the
diet of animals in comparison with the control
group, and in the groups receiving the studied
additives (phytopreparation or composite
system) against the background of obesity. An
increase in the level of globulins may be due
to activation of the synthetic activity of the
liver in response to xenogenic substances and
enhancement of the immune properties of the
blood [22].

Obesity model
Control
Standard diet

Days

50

Fig. 1. Change in weight of rats using a standard and high-calorie (O) diet, as well as additional substances
-HDS (A), herbal medicine (F), composite system (AF)
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Table 2. Indicators of body mass parameters (growth-weight Quetelet index, subcutaneous and visceral fat
mass) of rats using standard and high-calorie diets and additional substances

Group Ketle Index Subcutaneous fat. g Visceral fat. g
M G m M G m M c m
1K 6.95 0.30 0.12 2.31 0.39 0.16 5.2 0.81 0.33
2A 6.79 0.56 0.21 2.25 0.55 0.21 4.78 1.95 0.74
3F 6.68 0.61 0.23 2.23 0.25 0.09 3.43%* 0.51 0.19
4AF 6.72 0.91 0.32 2.14 0.23 0.08 3.24% 0.93 0.33
50 7.00 0.70 0.26 2.68 0.45 0.17 6.81 1.89 0.71
6 OF 7.34 0.64 0.24 3.17% 0.56 0.21 8.15% 2.12 0.80
7 OAF 6.51 0.66 0.27 2.90 0.91 0.37 7.09 4.44 1.81
the reticuloendothelial system, most of which are
- Modeled obesity localized in liver (80% , Kupffer cells), as well as
8 1 -S\'jlisggr:i‘cous — in spleen and bone marrow. Preliminarily, an
] increase in the level of indirect bilirubin can be
7 . explained by the “adaptive stress” of liver cells in
: Standard d
61 >tandard diet response to the intake of foreign substances and
o0 4 excess nutrition.
:’5: Direct bilirubin (conjugated and soluble
343 form) is formed in hepatocytes to remove
g .1 bilirubin from the body. Its going down to
e the control level when it is used affected by
2] obesity, a phytopreparation, and especially a
1 nanocomposite system based on HDS (Fig. 3, ¢),
1 ] demonstrates normalization of bile formation
0 by hepatocytes and its outflow through both

1K 2A 3F 4AF 50 60F 70AF
Groups

Fig. 2. Weight of visceralf when using a standard
and high-caloriediet and additional substances —
silica (2A), polyphenolic herbal medicine (3F),
composite system (4AF)

* — P <0.05 05 compared with the control group

When studying the level of bilirubin
fractions in blood plasma, an insignificant
but reliable increase in its level (from 37% to
70% ) was found as with the use of HDS, herbal
medicine and composite system in a midth of a
standard diet, as with alimentary obesity (Fig.
3, a), although it is well within the physiological
norm. At the same time, in case of high-calorie
diet using a phytopreparation and nanocomposite
system, the level of total and direct bilirubin
significantly decreases compared to obese
animals that did not receive these additives.
The described changes are determined mainly
by the indirect bilirubin fraction (Fig. 3, b),
the first stage of bilirubin formation from
hemoglobin, which is carried out by the cells of
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the intrahepatic and extrahepatic ducts under
such conditions.

The hepatoprotective effect of the studied
systems is also in evidence when they affect
the level of aminotransferases — enzymes
that indicate the state of hepatocytes. Under
the influence of both a free phytocomplex
and the use of a composite system (but not
pure HDS), an insignificant (by 15-20%),
but reliable decrease in the activity of
alanine aminotransferase (ALT) was found
in animal groups on both standard and high-
calorie diets (Table 3). The level of aspartate
aminotransferase (AST) remained unchanged
in all groups.

Alkaline phosphatase (ALP) is an enzyme
that is extremely common in human and animal
tissues, especially in the intestinal mucosa,
osteoblasts, and walls of the bile ducts of the
liver. It catalyzes the removal of phosphoric
acid from its organic compounds with an
optimum pH in an alkaline environment (pH
8.6—10.1). The enzyme is contained in the cell
membrane and is involved in the transport of
phosphorus. The serum alkaline phosphatase
activity represents the total activity of its
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Table 2. Levels of total protein and protein fractions in rat blood serum using standard and high-calorie
diets and additional substances —silica (A), polyphenol herbal medicine (F) and composite system (AF)

Total protein, g/1 Albumen, % Globulin,%
Group
M c m M G m M c m
1K 81.0 7.13 2.52 50.75 1.58 0.56 49.25 1.58 0.56
2A 90.0% 3.38 1.19 46.25% 2.053 0.73 53.75% 2.05 0.73
3F 84.75 2.76 0.98 51.75 3.57 1.26 48.25 3.58 1.26
4 AF 82.75 6.86 2.43 51.75 1.39 0.49 48.25 1.39 0.49
50 82.0 2.51 0.89 50.25 3.499 1.23 49.75 3.49 1.23
6 OF 80.0 3.62 1.28 47.5% 1.60 0.57 52.5%" 1.60 0.57
7 OAF 89.0%" 2.00 0.71 46.5%" 0.93 0.33 53.5%" 0.93 0.33
Note: * — P < 0.05 compared with the control group (1K);
~ — P < 0.05 compared with the group with simulated obesity (50).
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Fig. 3. The levels of bilirubin (¢ — total; b — indirect; ¢ — direct) in the blood serum of rats using a standard
and high-calorie diet, as well as additional substances — HDS (A), herbal medicine (F), composite AF system:

* — P < 0.05 compared with the control group (1K);
* — P <0.05 compared with the group with simulated obesity (50)
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Table 3. The activity levels of alanine and aspartate aminotransferase in rat blood serum using standard and

high-calorie diets and additional substances — HDS (A), herbal medicine (F), composite system (AF)

AJIT ACT
Group
M G m M c m
1K 118.75 13.61 4.81 306.50 46.83 16.56
2A 122.00 11.81 4.17 291.25 24.58 8.69
3F 98.25% 5.47 1.93 290.75 31.77 11.23
4AF 96.25% 5.68 2.01 315.50 24.73 8.74
50 92.00* 10.90 3.85 306.75 61.50 21.74
60F 64.98%" 5.60 1.98 271.25 47.03 16.63
7TOAF 101.57 11.93 4.22 351.00 76.52 27.05

Note: * — P < 0.05 compared with the control group (1K);
~ — P < 0.05 compared with the group with simulated obesity (50).
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Fig. 4. Levels of activity of alkaline phosphatase
in rat blood serum using a standard and high-cal-

orie diet and additional substances — HDS (A),
herbal medicine (F), composite system (AF)

* — P <0.05 compared with the control
group (1 K);
# — P < 0.05 compared with the group of the
corresponding diet with the addition of a free
herbal remedy.

isoenzymes. Hepatic and bone fractions of
alkaline phosphatase are always present in the
blood serum of adults, and the activity of the
hepatic fraction is especially high. Its increase
is noted in liver diseases, in particular, bile
duct obstruction and inflammation [22, 25].
In our studies, the activity of alkaline
phosphatase did not change with daily use
of HDS for a month. However, it grew when
modeling obesity and especially when using
a herbal preparation against the background
of such obesity. This can be explained by the
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known stimulating effect of the use of various
medicinal substances on the functional
state of the liver and, in particular, on the
activity of alkaline phosphatase [22]. At the
same time, the use of phytocomponents as
part of a composite system with HDS (both
on the standard and high-calorie diets —
groups 4 AF and 7 OAF) led to a significant
decrease in such activity (Table 5, Fig. 4).
Obviously, this is explained by a slower release
of phytocomponents from the composite
system and, accordingly, a decrease in their
stimulating effect (as xenobiotics) on the
enzymatic activity of hepatocytes.

Cholesterol is a secondary monoatomic cyclic
alcohol that is constantly formed in a body and
is used to build cell membranes, synthesize
sex and steroid hormones, and vitamin D.
Cholesterol enters the body with food, but most
of it is synthesized in a liver. The content of
cholesterol and triglycerides in blood are the
most important indicators of lipid metabolism.
There is a direct correlation between an increase
in plasma cholesterol concentration and the risk
of atherosclerotic coronary artery disease.

Over the period of studies, the level of
cholesterol in the blood serum of laboratory
animals with a high-calorie diet does not differ
from that in animals that were on a standard
diet, which is obviously explained by a very
short period of modeling the state of obesity,
when changes in metabolic processes are at the
initial stages of changes. However, an increase
in cholesterol level (by 24% , which does not go
beyond the physiological norm) was observed in
animals receiving pure HDS and a significant
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decrease (by 18% in comparison with both
the control and the modeled obesity group) in
animals receiving a nanocomposite system with
a high-calorie diet) (Fiig. 5). The highest increase
in cholesterol in the group treated with pure
silica sorbent, according to our assumptions,
could be associated with the adsorption capacity
of silica and a corresponding decrease in protein
fractions of blood plasma, which were also
involved in the transportation of cholestrol in
the bloodstream. However, such an assumption
requires separate experimental evidence.

Morphological studies of the liver under
conditions of application of various diets
and additives based on silica and phyto-raw
materials.

Today, one can consider the association
of fatty degeneration of liver with metabolic
disorders in a body such as obesity, diabetes
mellitus, dyslipidemia, hypertension and a
high risk of cardiovascular disorders against
the background of this pathology. Moreover, it
was shown that not only insulin resistance could
lead to fatty hepatosis, but fatty liver disease
itself could be the cause of hepatic insulin
resistance, especially for type II diabetes, which
is registered in more than 370 million people in
the world, and the annual increase in patients
with this pathology accounts for 5—7% [25, 26].
According to various authors, the prevalence of
fatty hepatosis in human’s ranges from 6.3%
to 33% [28]. Moreover, in patients with various
metabolic disorders, such as obesity, diabetes
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Fig. 5. The level of cholesterol in the blood plasma
of rats using a standard and high-calorie diet and
additional substances — HDS (A), herbal medi-
cine (F), composite system (AF):

* — P < 0.05 compared with the control
group (1K);
~ — P <0.05 compared with the group with
simulated obesity (50)

mellitus, dyslipidemia, the presence of fatty
liver disease can reach 75-100% .

Fatty change of liver is microscopically
displayed by sharp increase in the content and
change in fat composition in hepatocytes. In
the liver cells, dusty granules of lipids first
appear (the so-called pulverized obesity), then
their small drops (so called small-drop obesity),
then they merge into large drops (large-drop
obesity) or one fatty vacuole that fills the
entire cytoplasm and moves the nucleus to
the periphery. Modified in this way the liver
cells resemble fat. It is proved that more often
fat deposition in liver begins on periphery,
less often in the center of the lobules. Lipid
deposition is diffuse in expressive fatty
degeneration of liver cells [27-29].

It is found that in the rats’ liver of all
groups (both control and experimental), all
its macroscopic parts are well defined, the
capsule is not strained, the organ surface is
smooth, the parenchyma in the section has
a uniform red-brown color. Thus, with rat
autopsy, no visual deviations from the norm
were detected in liver of all the studied groups
in comparison with control animals. Based
on the analysis of histological preparations,
it was found that the liver histostructure in
intact animals (control group 1K) has the usual
structure, in particular, the structure of the
lobule parenchyma and the radial orientation
of the hepatic trabeculae are preserved, the
interlobular connective tissue layers are
moderately expressed. Hepatocytes have a
polygonal shape, contain clearly visible nuclei
(mainly 1) with 2—3 nucleoli, the cytoplasm
is slightly pink (Fig. 6). The severity of
anisonucleosis is negligible, the number of
binuclear cells is moderate. No disturbances
were detected in the microvasculature (Fig. 6).

So, we can conclude about the moderate
functional state of the liver of rats in the control
group. When intact rats of three series were
administrated orally a composite system based
on silica, pure silica, plant material (herbal
medicine) respectively, the liver histostructure
was practically unchanged compared to the
control. The trabecular pattern of hepatocytes
inside the lobules was preserved, the severity
of anisonucleosis was negligible and could be
compared with the intact control. On most
micropreparations, hepatocytes retained
their polygonal shape, homogeneous color of
the cytoplasm, and a clear structure of the
nuclei. Microcirculatory disorders were not
detected. Sinusoidal capillaries did not contain
blood, were moderately dilated (Fig. 6). The
measurements of the area of hepatocyte nuclei
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Fig. 6. Micrographs of sections of the liver of rats of the control group (a),
with alimentary obesity (group 5 O, b) and with the introduction
of a composite system against obesity (group 7 OAF, ¢)
Hematoxylin and eosin staining. x600

in these experimental series did not change (Fig.
7). So, according to the cytoarchitectonics of
lobules, trabeculae and the state of hepatocytes,
the liver of these animals with the introduction
of a composite system, HDS or phytopreparation
corresponded to the physiological norm as in the
control series of the experiment.

In the animals’ liver that were on a
carbohydrate and fat-fortified diet (alimentary
obesity), significant dystrophic changes in the
organ parenchyma were found that corresponded
to small and large droplet parenchymal fatty
degeneration of hepatocytes. In particular it
was the presence of clusters of small drops,
sometimes a very large “vacuole” in the
cytoplasm of hepatocytes. Hepatocytes in the
form of fat cells were appeared. In some places,
the normal trabecular structure of particles
was significantly disturbed and sinusoidal
cavities containing blood cells, mainly red blood
cells, expanded dramatically. Anisonucleosis is
intensified, and elongated and irregular in shape
pyknotic nuclei appeared. At the same time,
the synthetic activity of the nuclei decreased
compared with the control, since their area was
significantly reduced (Fig. 6, 7).

Under conditions of alimentary obesity
and introduction of a composite system based
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on silica or the initial phytopreparation to
rats, an improvement in the morphological
and functional state of liver was revealed. It
manifested itself in normalization of liver
trabecular structure, pronounced narrowing
of sinusoidal cavities, which practically did
not contain blood. Herewith, the sections of
hepatocytes, mainly with dust- and small-droplet
obesity, are sometimes found on histological
preparations. An analysis of morphometric
measurements of the area of hepatocyte
nuclei enable to suggest that in the run-up
to a composite system or plant material, the
functional activity of liver cells increases, since
the size of the nuclei increases significantly
(Fig. 7). These nuclei are light, rounded,
which is consistent with an increase in their
transcriptional activity.

Thus, the obtained data indicate an
improvement in the histostructure of the
organ when using both a composite system
and pure silica or free herbal medicine against
the background of alimentary obesity,
which is probably the result of an increase in
compensatory-adaptive reactions of liver tissue.

It has been shown that a high-calorie diet
of rats over 100 days leads to the development
of individual manifestations of obesity and
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Fig. 7. The size of the area of the nuclei of hepatocytes (S, p.mz) in different experimental groups:
* — P < 0.05 compared with the control group (1K);
~ — P <0.05 compared with the group of nutritional obesity (50) without the use of additional drugs

metabolic syndrome, which are expressed in
an increase in body weight and a significant
increase in visceral fat mass (control — 5.2 g,
obesity — 6.81 g).

From the histophysiological characteristics
of the liver, the development of the initial
and middle stages of parenchymal fatty
degeneration (small- and large-droplet
obesity of hepatocytes) with morphological
manifestations of a decrease in the synthetic
activity of the nucleus, pronounced
anisonucleosis, and expansion of sinusoidal
ducts filled with blood cells were revealed.

With the development of simulated
alimentary obesity on liver histological
preparations the signs of small- and
large-droplet obesity of liver hepatocytes
(parenchymal fatty degeneration), the decrease
in synthetic activity of hepatocytes, pronounced
anisonucleosis, and expansion of sinusoidal
cavities with impregnation of blood cells were
revealed.

At the biochemical level, deviations from
the norm at this stage of the development of
obesity are weak and are manifested mainly in
a slight increase in the level of total bilirubin
(8.2 uM/1 for obesity compared to 5.8 uM/1 in
the control group) and alkaline phosphatase
(K — 135.325 u/1 and obesity 200.95 u/1).

The additives used are HDS, the composite
system “Lymphosilica” or the original
phytopreparation do not cause pathological
changes in the liver histostructure even with
their long-term use.

The phytopreparationinjection with a high
content of polyphenols, as well as flavonoids,
polysaccharide terpenes, leads in some cases to
manifestations of “adaptive stress”, in which
liver enzymatic activity is activated.

It is shown the positive effect of the
composite “Lymphosilica” system based on
HDS and herbal remedies on:

— proportion lowering of visceral fat in rats
when kept on a standard diet (in the absence of
such an effect against the simulated obesity);

— a decrease in the proportion of visceral
fat in rats when kept on a standard diet for F
(herbal medicine) — 3.43 + 0.19 g and for AF
(Lymphosilica) — 3.24 + 0.33 g (at a control
level of 5.2+ 0,33 g), against the background of
simulated obesity, this effect was not detected;

— normalization of bilirubin level and its
fractions against the simulated obesity (decline
from 8.2 uM/1 for obesity to 6.02 nM/I (OF)
and — 5.3 uM/1 (OAF);

—lowering cholesterol (from 1.65+0.03 mM/1
for obesity to 1.35 + 0.08 mM/1) and alkaline
phosphatase (from 200.95 + 22.19 u/1 for obesity,
up to 162.25 u/1) under the action of the combined
drug Lymphosilica against the background of
simulated obesity;

— increased globulin fractions of blood
serum (by 8.6% in relation to control).

With the introduction of the composite
system “Lymphosilica” or the initial
phytopreparation against the background of
alimentary obesity, the morphological signs of
activation of synthetic processes in the nuclei of
hepatocytes are strengthened, which indicates
an increase in the compensatory capabilities of
hepatocytes and a decrease in the manifestation
of parenchymal fatty degeneration, but minor
foci of hepatocytes with mainly dust remain.

The publication contains the results of
studies conducted with grant support from the
State Foundation for Basic Research for the
competitive project F76/21.
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BIOMETPUYHI JOCJAIIKEHHA
E®EKTUBHOCTI KOMIIO3UTHOI
CUCTEMHU «JIIM®OCHUJIKA »
HA OCHOBI 3BOPY JIKAPCBEHUX
POCJIMH TA HAHOKPEMHES3EMY

Ocmposcvra I'.B.L, Kpyncvka T.B2,
ITaswor JI.M.L, Jl3epacuncovruil H.E.!
Typos B.B. 2

'HHIT «IzcTuryT Giosmoriis
KuiBcbKoro HarioHaJIbHOTO YHiBEPCUTETY
imeni Tapaca IlleBuenka, YKpaina
2IHCTI/ITYT ximii moBepxHi im. 0.0. Uyiika
HAH VYxkpainu, Kuis

E-mail: krupska@ukr.net

HociigxeHo BIIINB HAHOKOMITIOBUTHOI CHUCTE-
MU Ha OCHOBi BUCOKOAUCIIEPCHOTO KPEMHE3eMy Ta
POCIMHHOI CHPOBUHU 3 BUCOKUM BMiCTOM IIOJi-
denoxaiB (gobaska «JliMmpocumika») Ha uTodisi-
OJIOTiuHi 0COBGJIMBOCTI ITEUiHKYU B YMOBaX PO3BUT-
Ky MeTabOJiuHOTO CHHAPOMY IIPH MOJEJIOBaHHI
aJIiMeHTapHOTO OXKUPiHHA y mypiB. IIpoBoguiu-
csa OioxiMiuHi mocTigsKeHHs cUpPOBATKU KPOBi Ta
ricrosoriuHni anajis TkaHuHMU neuvinku. [loka-
3aHO, III0 BUCOKOKAJOPiMHUNA parioH IIypis mpo-
Tarom 100 1i6 TpU3BOAUTE O POBBUTKY OKPEMUX
IPOSABIB OKUPiIHHS i MeTaboJIiYHOTO CUHAPOMY,
AKi BUpaskaroThes B 30iabIIeHH]I Macu Tija i Bic-
1ePaJbHOTO JKUPY, PO3BUTKY IIOUATKOBUX i cepesi-
HiX craznill napeHximMaT03HOI KUPOBOI AUCTPO(Dil
TeYiHKY 31 BHUIKEHHAM MOPQMOJIOTiUHNX IPOABIB
CUHTETUYHOI aKTWUBHOCTI Anpa, 3 HEBHAYHUMU
BigxuienHAMH Ha Oioximiunomy piBHi. BBegenus
(GiTOKOMIO3UTY 3 BUCOKMM BMiCTOM IT0JIi(peHOIiB,
a TaKkosK ()hJIaBOHOIIiB, TEPIIEHIB ITOJIicaxapuiiB He
3YMOBJIIOE IIaTOJIOTiUHi 3MiHU B opraxismi mypis,
ajie B [eAKUX BUIAKaX IPU3BOAUTH O IPOABiB
«aoanTaIifHOTO HAIPYTM» TeNaTOI[UTiB IeYiHKY,
K IIPU CTAHIAaPTHOMY pallioHi, Tak i Ha TJi Buco-
KOoKaJIopiiitHoro pamiony. IlokasaHo TO3BUTUBHUIT
BILIMB KOMIIOSBUTHOI CUCTEMU HA BHUIKEHHSA YacT-
KU BicmepasabHoro xupy (za 38% ) B opramismi
UTypiB IpU CTaHAZAPTHOMY PaIlioOHiI XapuyBaHHA,
a Ha TJi MOJeJbOBAHOTO aJiMeHTapHOI'0 OYKUPiH-
HS — HOpMAaJIisania piBHa 6inipy06iHy (BHMKEeHHA
Ha 25% MOPiBHAHO 3 aJliMEHTaAPHUM OKUPIHHSIM)
i Tioro pakKIiii, BHUKEHHA PiBHSI X0JIECTPOJY Ta
aysKHOI pocaTasu (B 060x Bumagkax Ha 19% 1mo-
PiBHSHO 3 TOYATKOBUM OKUPIHHAM), IiABUIIIEHHA
100y TiHOBUX (DPaKIliii CHPOBATKU KPOBi, IPOTEK-
TUBHY Ji}0 CTOCOBHO JUCTPOPIUHNX 3MiH B TKAHU-
Hi meuinKM.

Knrmouwosi croéa: HaHOKOMIIO3UT, Jlimdocurika,
HaHOKDeMHe3eM, IIypi, ajJjiMeHTapHe OKUPIHHA,
TemaToIUTH HeUiHKY, BicllepaabHIN KUP.

BUOMETPUYECKHUE UCCJIELJOBAHUS
9®PEKTUBHOCTHA KOMIIO3UTHOM
CUCTEMBI «JINM®OCHUJIUKA »

HA OCHOBE CBOPA JJEKAPCTBEHHBIX
PACTEHUN
N HAHORKPEMHE3SEMA

Ocmposckas I.B., Kpyncraa T.B.2,
ITaswk JI.M.l, I seprcuncruil H.S.l,
Typos B.B.2

'HHIT «MuCcTRTYT GHOMOTHI»
KueBcKoro HaIMOHAJIBLHOTO YHUBEPCUTETA
umenu Tapaca IlleBuenko, YKpanHa
ZI/IHCTI/ITYT xuMunu nopepxuoctu uM. A.A. Uyiiko
HAH Vkpaunsl, Kues

E-mail: krupska@ukr.net

HcenepoBano BANAHNE HAHOKOMIIO3UTHON CHU-
CTeMbI Ha OCHOBE BBICOKOAMCIIEPCHOTO KpeMHe3eMa
U PACTUTEJILHOT'O ChIPhS C BEICOKUM COJeP KaHUeM
niosindeHoJIoB (Ho6aBKa «JIumdocuanka») Ha IUTO-
(usuosornuecKrie 0COGEHHOCTY IIEUEHU B YCIOBUAX
PasBUTHA MeTab0INUECKOT0 CHHIPOMA IIPY MO/IEJIN -
pPyeMoM aJIMMeHTapPHOM OKupeHnu y Kpbic. IIpoBo-
IUINCH OMOXMMUUECKIe NCCAeI0OBAHUSA ChIBOPOTKHU
KPOBU U THCTOJIOTUYECKUH aHAIN3 TKAHU IeYeHU.
IToxasano, 4TO BHICOKOKAJIOPUNHBIN PaioH KPbIC
B TeueHne 100 cyToOK BeZeT K Pa3BUTUIO OTAEIbHBIX
IIPOABJIEHUN OKUPEHUSA U MeTaboINMIeCKOTO CUH-
JIIPOMAa, KOTOPBIE BBIPAIKAIOTCS B YBEJIMUEHUN MACChI
TeJia ¥ BUCILIEPAJIBLHOTO JKUPA, PA3BUTUS HAUYaJIbHBIX
¥ CPeIHUX CTaINU TapeHXMaTO3HOU JKUPOBOI IVC-
Tpo(pUU TIeUEeHU CO CHUKEHNEeM MOP(POTOTHUECKIX
IIPOABJIEHUIN CUHTETUYECKON aKTUBHOCTU AApPA, C
HEe3HAUNTEJIbHBIMU OTKJIOHEHUAMU Ha OMOXUMUYe-
CKOM ypoBHe. BBemeHue GUTOKOMIIO3UTA C BBHICO-
KHUM coZep:kaHreM noan(eHoJ0B, a TaKkKe (DjIaBo-
HOUJOB, TEPIEHOB MOJIMCAXaPUA0B He IPUBOIUT K
TIaTOJIOTUUECKUM U3MEeHEeHUAM B OpraHu3Me KpbIC,
HO B PAZE CIy4YaeB BeleT K MPOABICHUAM «aJarTa-
I[OHHOTO HAIIPSIKEHNA» MellaTOINTOB IIeYeH , KaK
IIPYU CTAHAAPTHOM PAIlMOHEe, TaK U Ha (hpOHE BHICOKO-
KaJopuiiHOTO paruoHa. IlokazaHo mOJI0KUTETbHOE
BJIUSTHYIE KOMIIO3UTHOII CICTEMBI HA CHUYKEeHUE TOJIN
BHCIIepaJILHOTO sKupa (Ha 38% ) B opranusMe Kpbic
IPY CTAaHZAPTHOM paliioHe MHUTAaHUI, a Ha (ome
MOJeJINPOBAHHOTO aJINMEHTAPHOI'0 OKUPEHUA —
HOPMAJIM3AIINsA YPOBHSA OMInpyonHa (CHIKeHNe Ha
25% 110 cpaBHEHUIO C ATMMEHTAPHBIM OKUPEHeM)
U ero ()paKIuii, CHUKEeHIEe YPOBHA XOJIECTPOJIa U
IeJI0uHOM (pochaTass (B 0boux cayuaax Ha 19% mo
CpaBHEHUIO C HAUATIbHBIM 0KPEHNEM ), TIOBBIIIIEHYE
TJIOOYJIMHOBBIX (DPAKIIUil CBIBOPOTKU KPOBU, IIPO-
TEKTHBHOE IefCTBHE 10 OTHOIIIEHUIO K AUCTPO(dIUe-
CKUM M3MEHEHUSIM B TKAaHU IIeYeHU.

Knaroueswvie cnosa: Hanokommnosur, Jlumdocuan-
Ka, HaHOKpeMHe3eM, KPBICHI, aJIMMeHTapHOe 0XKI-
peHMe, reraToIUThI IIeUeH!, BUCIIEPAIbHBIN KUD.
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Essential oils are widely used in beauty therapy, medicine and food industry, and they are considered to
be a valuable consumer product. At the same time, the biochemical composition and properties of essential
oils, including their antimicrobial activity, varies depending on the habitat, climatic conditions and plant
chemotype. The purpose of our work is to study the qualitative and quantitative composition of essential oils
and their antimicrobial properties, from Origanum vulgare plants harvested in eastern Slovakia and Lviv
region, Ukraine.

In the wild, O. vulgare L. were gathered in close vicinity of the village of Trostianets, Lviv region ,
Ukraine, in 2019. In Slovakia, the plants were grown by Agrokarpaty Company, Plavnica. Essential oils were
extracted by hydrodistillation (2 hours) in a Clevenger apparatus, according to the European pharmacopoeia.

The analysis of the biochemical properties of essential oils extracted from plant populations from Lviv
region , showed that the contents of essential oils were within 0.35 = 0.05% . The composition of essential oils
shows that O. vulgare L. plants from the natural population grown in Lviv region , belongs to the monoterpene
chemotype. Monoterpene hydrocarbons a-terpinene and a-terpineol together accounted for 29-33% , acyclic
monoterpenes — f-myrcene — 7%, linalool — 4%, while the polyphenol compound p-cymene accounted for
only 15%.

The O. vulgare plants from Slovakia were characterised by the essential oil content of 0.15 to 0.50% , and
the composition which allowed us to refer them to the carvacrol chemotype, with phenols as its main ingre-
dients — carvacrol and thymol (together 71%), and isopropyltoluene (4.0% ). Monoterpene hydrocarbons
terpinene (5.0% ) and terpineol alcohol (6.0% ) jointly accounted for 11% ; acyclic monoterpene mycrene —
3% ; and sesquiterpene [-caryophyllene — 4,5%.

Essntial oil from O. vulgare harvested in Slovakia demonstrated high antimicrobial activity against refe-
rence and clinical isolates of opportunistic microorganisms. Essential oil from the samples gathered in Lviv
region, showed low antimicrobial activity.

Thus, it has been shown that the reviewed plants referred to different chemotypes, which calls forth the
prospect of the use of essential oils extracted from different plant chemotypes for different purposes, depen-
ding upon their biochemical composition and properties.

Key words: oregano essential oil, antimicrobial activity, biochemical properties.

Common oregano, or wild marjoram
(Origanum vulgare L.), genus Origanum
(Lamiaceae Martinov) has somewhat been
‘forgotten’ in Ukraine as a medicinal plant,
though it remains widely spread in the
Mediterranean where it is used as an essential-
oil-bearing and aromatic plant. This herb
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demonstrates antibacterial and antioxidant
activity, and antifungal property. It owes
its high biological activity to the presence of
essential oils, flavonoids, and glycosides.

O. vulgare is a polymorphic species, and
Flora Europaea (1972) distinguishes several
subspecies of this species: O. vulgare ssp.
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vulgare, O. vulgare ssp. hirtum, O. vulgare ssp.
viride. The subspecies differ by the structure
of their reproductive organs, location of the
essential-oil trichomes, and composition of the
respective essential oils [1].

Academic literature distinguishes
chemotypes of populations that form
“biochemical varieties” or “physiological
forms” in botanic species. Say, Italian scholars
have singled out four reasons affecting the
population chemotype of O. vulgare and its
subspecies. First of all, it is the environmental
conditions, especially climate, that affect
the biosynthetic way of phenol compounds;
secondly, the sexual polymorphism and the
genetic mechanism; thirdly, the state of the
plants (fresh or dried); fourth, the phenophase
of the plants’ development.

The phytochemical analysis of plants from
51 populations in 17 European countries
has established that active cymyl and/or
acyclic linalool/linalyl acetate synthesis
of essential oils is peculiar for plants from
the Mediterranean, whereas active sabinyl
was peculiar for the plants growing in the
continental [2]. In these plants, the contents
of essential oils amounted to 0.03—-4.6%, and
their composition included sabinene, myrcene,
p-cymene, 1.8-cyneol, f-ocimene, y-terpinene,
sabinene hydrate, linalool, o-terpineol,
calvacrol methyl ether, linalyl acetate, thymol
and carvacrol, B-caryophyllene, germacrene D,
germacrene D-4-o0l, spathulenol, caryophyllene
oxide, and oplopanone.

The chemotype with phenolic prevalence
was typical for southern Italy. Four variants
of thymol- and carvacrol-chemotype were
distinguished in the O. vulgare ssp. hirtum
populations from different parts of Sicily.
The author connects such differences with the
mixture of genetic and environmental factors
affecting the biosynthesis of essential oils [3].
In the O. vulgare ssp. hirtum populations from
Campagna [4], carvacrol/thymol chemotype
prevailed along the sunny coast; another,
tymol/a-terpineol chemotype was peculiar
for the populations located in the mainland
part of the country characterised by lower
air temperatures. The third chemotype, with
prevalence of linalyl acetate and linalool (the
lowest content of phenols) was spread along the
mountainous coastline.

In Bulgaria, carvacrol, whose content
reached as much as 73.4%, dominated in all
samples [5]. The samples of Origanum vulgare
ssp. from southern Croatia picked in different
seasons belonged to the thymol/carvacrol
type [6]. The plants of O. vulgare ssp. hirtum

collected from northern Greece were rich in
thymol, and those collected from southern
Greece — in carvacrol [7]. Studies of the
contents of essential oils from O. vulgare grown
in the south-eastern part of Spain showed
the following results: (E)-B-caryophyllene
(0.5-4.9%), thymol (0.2-5.8%), p-cymene
(3.8-8.2%), y-terpinene (2.1-10.7%) and
carvacrol (568.7-77.4%) [8].

Another chemotype characterised by
prevalence of sesqui- or monoterpenes, was
typical for the populations from the continental
climate with significantly lower solar radiation
and temperatures [9]. In the O. vulgare plants
from China and Pakistan, from 11 to 46
components of essential oil were isolated, in
which oxygenic monoterpenes prevailed, and,
besides, two populations showed high contents
of sesquiterpene hydrocarbons — 33.7% and
43.7% , respectively [10].

In the essential oil from O. vulgare
grown in the Ukrainian Polissia region, 24
components were identified, of which the
following ones prevailed: a-cadinol (14.24%),
germacrene D (13.76%), B-caryophyllene
(12.23%), 1,6-germacrediene-5-o0l (11.12%),
epi-a-cadinol (8.56% ), a-farnesene (5.75%),
terpinene-4-ol, thymol, cis-sabinenhydrate,
linalool, y-terpinene-trans-ocimene, geraniol,
and neral [11].

Quite often, different chemotypes of a
population are linked with different subspecies
of O. vulgare. As seen from the literature
analysis, thymol-chemotype is typical for
O. vulgare ssp. hirtum, whereas linalool is
the main volatile component of O. vulgare
ssp. virens, where the content of thymol is
insignificant [12].

Thereby, both the composition and
the properties of O. vulgare depend upon
the natural climatic conditions as well as
the genetic conditionality of the plants’
biochemical properties.

The purpose of our work is to study the
qualitative and quantitative composition and
antimicrobial properties of essential oils from
O. vulgare plants collected in eastern Slovakia
and Lviv oblast, Ukraine.

Materials and Methods

Oregano herb growing and harvesting
conditions

The demand of oregano raw material is
satisfied by large-scale cultivation by the
Agrokarpaty Company, Plavnica, Eastern
Slovakia (N 49° 16’ 28", E 20° 46’ 50", altitude
above sea level: 530 m). The production of
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oregano monocultures needs a light, rich,
well-drained soil with pH of 6.0—8.0. Growth
occurs between 4 and 32 °C, optimally at 23 °C.
Oregano plants are propagated vegetatively
to obtain plants with the desired flavour and
aroma characteristics of their parents (the
Krajova variety). The first harvest of leaves
and tender tops occurs just as flowering
commences. The plants are cut 60-100 mm
from the ground. In the region 3—4 cuts can be
made over a single year. Where commercially
grown, oregano plantings are productive for
4-5 years. The leaves are thoroughly dried,
cleaned, and stored as soon as possible. The
area of cultivated parcels varied from 2 to 5
ha in the last years. Typically, yields of 1,500—
3,000 kg per ha of dried herb are obtained.

Plant samples from the natural habitat of
Origanum vulgare L. were taken in 2019 in the
stow which is a geological nature sanctuary of
local significance. It is located by the road in
the western part of the village of Trostianets,
Mykolaiv rayon, Lviv oblast (geographical
coordinates: 49°33'03"" north latitude
and 24°00'28" east longitude; average altitude
above sea level — 283 m). The site represents
Tortonian sandstone — tightly pressed sand,
white-coloured with a yellowish tint; with
patches of hard rock with small grottoes,
where leftovers of the Tortonian layer flora
had been found.

January is the coldest month in Lviv
oblast; its mean temperature is by 2-3 °C
lower than in December. All winter months in
the Opillia region are characterised by a big
variability of air temperature (2.5-4.7 °C).
The temperatures in July have been observed
to drop insignificantly (to 17.0—-17.5 °C) in the
elevations of Roztochia and Opillia, whereas
Little Polissia and Precarpathia have shown
the highest monthly mean temperatures (18.0—
18.5 °C). Lviv oblast is peculiar for rather
significant yearly precipitation totals, varying
between 579 and 1,070 mm. The largest
amount of precipitation falls on June —
July (90-140 mm a month); the lowest — on
January — February (24-40 mm a month).
Thus, the amount of precipitation in summer
is by 2 to 3 times higher than in winter.

Origano oil isolation

The essential oil from this raw-material
was prepared by hydro-distillation (2 hours)
in Clevenger-type apparatus according to
the European Pharmacopoeia and a mixture
of hexane was used as a collecting solvent.
The essential oils stored under N, at + 4 °C
in the dark space before their composition
identification.

66

GC-FID analyse

The analysis of oregano essential oils was
carried out using a Vega Series Carloerba Gas
Chromatograph, connected to a Spectrophysics
SP 4270 integrator. The following operating
conditions were used: column: DBS5,
30 mx0.32 mm inner diameter (i. d.), film
thickness: 0.25 mm, carrier gas: nitrogen,
adjusted to a flux of 1 mL per min, injection
and FID-detector temperatures: 220 °C,
respectively 250 °C. Components were
identified by their GC retention times, and
the resulting values were comparable to those
of literature. Oil component standards for
comparison were supplied by Extrasynthese
Ltd. (France).

GC/MS analyse

GC/MS analyses were carried out on
a Varian 450-GC connected with a Varian
220-MS. The separation was achieved using
a Factor Four TM: Capillary Column VF
5 ms (30 m x 0.25 mm i. d., 0.25 pym film
thickness). Injector type 1177 was heated
on temperature 220 °C. Injection mode split
less (1 pl of a 1:1,000 n-hexane/diethyl ether
solution). Helium was used as a carrier gas at a
constant column flow rate of 1.2 mL per min.
Column temperature was programmed: initial
temperature 50 °C for 10 min, then to 100 °C
at 3 °C per min; isothermal for 5 min and then
continued to 150 °C at 10 °C per min. Total
time for analysis of one sample took 54.97 min.
Identification of components was done by
comparison of their mass spectra with those
stored in NIST 02 (software library) or with
mass spectra from the literature [13] (Adams,
2007) and a home-made library, as well as on
comparison of their retention indices with the
standards.

Antimicrobial assay

Antimicrobial activity of Origano EO was
determined using agar diffusion test [14]. 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 pL 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.

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



Experimental articles

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, ampicillin (10 mg/disk) for Gram-
positive bacteria, and nystatin (100 UI) for
Candida. As negative control, DMSO were
used.

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 ¢-test. A value
of P < 0.05 was considered as statistically
significant.

Results and Discussion

The State Pharmacopoeia of Ukraine [15]
lists O. onites L. or O. vulgare L. subsp. hirtus,
or mixture of the two species (Origani herba,
OREGANO). The contents of essential oil are
no less than 25 ml/kg on anhydrous basis; the
aggregate total of carvacrol and thymol in
essential oil is no less than 60% . Origanum® —
national description; dried O. vulgare grass
harvested during the blossoming period.
Contents: the total of flavonoids — at
least 1.5% calculated with reference to
Iuteolin 7-glucoside and on anhydrous
basis; essential oil — at least 1 ml/kg
on anhydrous basis.

As a result of the study, it was established
that dried O. vulgare grass grown in Slovakia
predominantly contained essential oils
(0.15-0.50%), in which such phenols as
carvacrol and thymol (together — 71.25%)
and isopropyltoluene (4.0% ) were the main
ingredients. Such monoterpene hydrocarbons
as terpinene and terpineol alcohol jointly made
up 11% : acyclic monoterpene myrcene — 3% ;
and sesquiterpene B-caryophyllene — 4.5%
(Table 1).

According to our study, O. vulgare grass
harvested from a sunny hill close to the village
of Trostianets, Lviv oblast, Ukraine contained
in total 1.14 = 0.04% of flavonoids. According
to the Origanum™ national description,
Origanum vulgare L. should contain the
flavonoid total of at least 1.5% calculated with

reference to luteolin 7-glucoside (Cy3H400;
M. m. 460) and on anhydrous basis. The
population from Lviv oblast demonstrated
high aggregate contents of essential oils —
0.35 = 0.05% hm (3,5 g/kg of dry weight),
with a 10.5% humidity loss. In the reviewed
O. vulgare isolated during blossoming phase,
16 essential oils were identified (Table 1).

Monoterpene hydrocarbons o-terpinene
and a-terpineol together made up 29-33%,
i. e. a third part of all essential oils, with
o-terpineol alcohol making two thirds of
them. The survey also showed high contents
of acyclic monoterpenes — [-myrcene
(7%) and linalool — 4%, and only 15%
fell on such polyphenol compound as
p-cymene. Besides, the reviewed species was
observed to synthesize quite a big amount
of sesquiterpene B-caryophyllene — 7%.
Linalool and o -terpineol are odorous volatile
alcohol monoterpenes. All other essential
oils: geraniol, terpinolene, cineole, limonene,
thujon, borneol, bornylacetate, fenchol,
carvacrol, and thymol were observed to be
contained from 2% down to trace amounts.

Accumulation of essential oils depends
upon the growth environment — solar
radiation, climate, and topographic conditions.
The [16] ascertained that in the presence of
phenol compounds plants synthesize essential
oils by transforming y-terpinene into p-cymene
with subsequent hydroxylation of p-cymene to
thymol or carvacrol, subject to solar radiation.

In the environmental conditions of Lviv
oblast, Ukraine, due to the considerably lower
summer air temperatures, higher amounts of
precipitation, especially in summer, and on
poor sandy soils, O. vulgare tended to form the
monoterpene chemotype, where monoterpenes
made up 41%, sesquiterpenes — 7%, and the
phenol compound of p-cymene — only 15%;
carvacrol and thymole together accounted for
approx. 2% . In Slovakia, the reviewed plants
belonged to the carvacrol chemotype, typical
for the Mediterranean region with warm
climate.

Plant phenophase was also observed to be
affecting the contents and the character of
essential oils. In spring, p-cymene prevailed
over carvacrol in O. vulgare subsp. hirtum;
but by the end of the growth season the
ratio would reverse. Such regularity was
observed within one plant, where the young
leaves contained more cymene than the older
ones [17]. Kokkini et al. [7] showed that
the contents of essential oils (y-terpinene,
p-cymene, thymol and carvacrol) would
change during the season: in autumn, the
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Table 1. Composition of essential oils from
medicinal herbal material Origanum vulgare

(n=3, x =SD)
Essential oil content, %
Essential oil
components Trostianets, Plavnica,
Ukraine Slovakia
Acyclic monoterpenes

Geraniol 0.7=0.1 n/a
B-Myrcene 7.0=0.5 3.0=0.5

Linalol 4.0=0.5 n/a

Monocyclic monoterpenes

o-Terpinene 11+1 5.0=1.0
a-Terpineol 18+1 6.0+ 2.5

Terpinolene 1.8+0.2 n/a

Cyneol 1.8+0.2 n/a

Limolene traces n/a

Bicyclic monoterpenes

Thujone 1.2+0.2 n/a

Borneol 1.0=0.1 n/a

Bornyl acetate 0.6 =0.1 n/a

Fenchol traces n/a

Sesquiterpenes

-Caryophyllene 7.5+0.5 4.5+0.5

Aromatic (phenol) compounds

p-Cymene 15+1 n/a
Carvacrol 1.6 £0.2 55.21 = 3.0
Thymol 0.3+0.1 16.04 = 1.5
Isopropyltoluene n/a 4.0+1.5

plants had more phenols compared with those
harvested in midsummer. The number of oils
in the populations of O. vulgare ssp. virens,
(O. vulgare ssp. viridulum) in southern
Italy achieved maximum values during full
blossoming of the plants [18]. The contents of
phenols is as a rule high during blossoming of
plants of phenolic type [5].

The volatile constituents of O. vulgare L.
ssp. hirtum grown in Croatia were established
to be affected by both the time of harvesting
and desiccation of the plants. The content of
p-cymene reached its maximum in August.
Upon drying of the plant material, all samples
demonstrated insignificant decrease in the
yield of essential oils compared with the fresh
plants. Drying at room temperature did not
affect the qualitative composition of oregano
oil [6].
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Among the phenolic essential oils extracted
from the reviewed plants from Lviv oblast,
Ukraine, p-cymen dominated (15% ); the rest
(1.9%) fell on carvacrol and thymol. Whereas
the plants were in the blossoming phenophase,
it would be reasonable to check their chemical
composition by the end of this phenophase —
at the beginning of fructification.

The antimicrobial properties of essential
oils of O. vulgare collected in Lviv oblast, with
domination of monoterpenes (nearly 50%) —
monoterpene essential oils (a-terpinene and
a-terpineol — 29-33%), acyclic monoterpenes
(B-myrcene and linalool — 11%); and only 17%
fell on polyphenol compounds — were very
weak (Table 2).

The studies showed that essential oil from
O. vulgare L. grown in Slovakia demonstrated
antimicrobial activity upon all isolates taken
into the experiment — both typical and clinical
ones (Figure). High antimycotic activity
of essential oil was established. It was also
revealed that oil is active against methicillin-
resistant and biofilm-forming isolates of S.
aureus. At the same time, the antimicrobial
activity of the oil received from the plants of
the local population was low. Such pattern
may have been caused by the low contents of
carvacrol and thymol, which play a decisive
role in the antimicrobial activity of plants of
the given species.

The composition of essential oils affects
the pharmacological properties of the
raw materials. Say, the essential oil with
maximum content of carvacrol was received
from the plants O. vulgare ssp. virens from
southern Italy [18] demonstrated the highest
antibacterial activity. Somewhat lower
antibacterial activity was shown by the oil
received from the populations of O. vulgare
ssp. viridulum from “Ricigliano”, which were
characterised by a big amount of thymol,
whereas the populations from “Acerno” had the
lowest contents of phenols and demonstrated
the least antimicrobial activity.

Extract of essential oils from O. vulgare
with carvacrol, thymol and cymol being
the main components, showed an expressed
inhibiting activity against enteropathogenic
bacteria of E. coli and S. enteritica var.
enteritidis.

Owing to the presence of cinnamaldehyde,
carvacrol, thymol and eugenol, essential
oils of cinnamon, oregano, thyme and
cloves showed strong antimicrobial activity
against L. monocytogenes, S. typhimurium,
E. coli 0157: H7 and bacteria causing food
spoilage (B. thermosphacta ta P. fluorescens)
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Table 2. Antimicrobial activity of essential oil from Origanum vulgare

(n=3, x =SD)
Test culture Plavnica, Slovakia Trostianets, Ukraine
S. aureus ATCC 25923 26.7 = 0.58 10.5 = 0.58
S. aureus clinic biofilm creation 25.7+0.58 9.50 = 0.33
S. aureus MRSA clinic 25.5+0.5 -
E. coli ATCC 25922 21.3+0.58 9.0 =0.50
E. coli clinic 25.8+0.29 8.50 = 0.25
E. faecalis ATCC 29212 20.3 =0.58 10.5 = 0.25
E. faecalis clinic 19.3 = 0.58 9.8 +0.25
S. pyogenes ATCC 19615 31.3 =0.58 -
S. pyogenes clinic 29.7+0.58 -
C. albicans ATCC 885-653 36.3 =0.58 12.0 = 0.58
C. albicans clinic 35.3 =0.58 11.0 =0.30

Note: * the data were statistically significant as compared with the control (P < 0.05) as a control were used:
ampicilin — for gram-positive bacteria; gentamicine — for gram-negative bacteria; nystatin — for microscopic
fungi; control of antibiotic — no inhibition; control of methanol — no inhibition.

Antimicrobial activity of essential oil
from O. vulgare against clinical
isolates of E. coli

[19]. The mixture of essential oils from O.
vulgare (carvacrol (66.9%)) and Rosmarinus
officinalis (1.8-cineolom (32.2%)) used as
spices, provided for the inhibition of the
growth of bacteria located on food products
(L. monocytogenes, Y. enterocolitica and
A. hydrophilla, P. fluorescens) [20]. It
was proved that O. vulgare can be used as
condiment to inhibit the growth of S. aureus,
and to inhibit the synthesis of staphylococcal
enterotoxins [21].

In our previous studies, we showed that by
their biochemical properties and antimicrobial
activity, essential oils can be used to inhibit
opportunistic and pathogenic microorganisms,
and as natural preserving agents [22—24].

Aqueous extract of O. vulgare was revealed
to exert a high antimicrobial activity upon ten
bacteria: E. coli ATCC 25922, K. pneumoniae,
P. mirabilis, P. aeruginosa ATCC 27835 et
al. Their activity was stronger against gram-

positive pathogens S. epidermidis (ATCC
12228) than against gram-negative E. coli [4].

Thus, owing to the presence of aromatic
essential oils (carvacrol and thymol),
flavonoids (rosmarinic acid) and derivatives
of pyrocatechin acid, the essential oil received
from O. vulgare grown in Slovakia has a high
antimicrobial activity, compared with the
monoterpene essential oil of the plants grown
in Lviv oblast, Ukraine. The obtained data have
proved the possibility of the use of essential oil
from Slovakia as an antimicrobial medication.
At the same time, it appears relevant to
proceed with the studies of the properties of
essential oils introduced in other climatic and
paedological conditions, and use of plants from
Slovakia as planting material.

Conclusions

Accumulation of essential oils has been
shown to depend upon the growth conditions —
solar radiation, climate, and topographic
conditions. In sunlit places and warm climate,
phenol compounds were accumulated, whereas
under continental conditions monoterpenes
prevailed, which was typical for populations
of O.vulgare L.

The populations growing in Lviv
oblast, Ukraine, were characterised by the
monoterpene chemotype, with the contents
of essential oil amounting to 0.35 = 0.05%.
The essential oil contained monoterpene
hydrocarbons a-terpinene and o- terpineol
(29-33%), acyclic monoterpenes — -myrcene
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(7%), linalool (4% ); whereas the polyphenol
compound p-cymene accounted for 15% only.
In the plants O. vulgare from Slovakia,
essential oil accounted for 0.15-0.50% of
their composition, with domination of the
carvacrol chemotype where phenols are the
main ingredients — carvacrol and thymol
(71% together), and isopropyltoluene (4.0%).
Monoterpene hydrocarbons terpinene (5.0%)
and terpineol alcohol (6.0% ) jointly accounted
for 11% ; acyclic monoterpene myrcene — 3%,
and sesquiterpene B-caryophyllene — 4.5%.
The essential oil from O. vulgare collected
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epipuux ousitt O. vulgare Ta aHTUMiIKPOOHUX
BJIACTUBOCTEH, pocauH, 110 3i6pami y Cximmii
CrnoBauumHi Ta y JIbBiBChbKil 00sacTi YKpainu.

Y mpupomuux ymoBax Origanum vulgare
L. 0ymao 3i0pano B okoauiigax ceisa TpocTsaHes,
JIpBiBCBKA 00J1acTh, v 2019 p. ¥V CroBauunHi poc-
JUHU OyJIM BUPOINEHi KoMIaHieo ArpokapiaTu,
IInasuunga. Edqipry ouifo i3 cupoBuHM Bigranaiu
rirpoaucruasaiiero (2 ronuau) B anapati KaiBen-
repa 3rifgHO 3 €BpomelichbKOI0 (DapMaKoOIeeo.

Hocaimxenua OioximiuHuMX BJIacTUBOCTEH
e(dipHUX 0JIili MOMYJAAIiN POCINH, IKi POCTYTh B
yMoBax JIbBiBIMUHY, TOKa3aan, 1o smict EO cTa-
"HoBUTH 0,35 = 0,05% . Cxaazn eipuux oiiit BKa-
3y€ Ha HaJIeXKHICTh POCINH IPUPOLHOL IOIyIaIrii
Origano vulgare L., mo 3pocrae y JIbBiBCbKill
obJiacTi, 0 MOHOTEPIEeHOBOro xeMoTuiry. MoHo-
TepHeHOBi BYTJIEBOAHI O-TepIIiHeH i o-t-Tepmine-
oJI craHoBuaIn B cymi 29-33% , anukaiuHi MOHO-
reprenu — P-mipien 7% i 4% — xixamon i gure
15% cramoBua moIidheHOIbHA CIIOJIYKa P-IIUMEH.

Pocaunu O. vulgare, Bupomieni y CiioBauunHi,
xXapakTepusyBajuchk BmMicToM edipuoi omii 0,15-
0,50% i KOMOOHEHTHUM CKJIaI0M, AKUI JaB 3MO-
Ty BijHecTHU iX 70 KapBaKpPOJbHOTO XEMOTUIY, e
OCHOBHUM iHTPeAi€HTOM € (peHOJIm — KapBaKpoOJ
i Tumout (pasom 71% ), isomponinroayos (4,0% ).
MownorepnenoBi ByraeBonui TepmineH (5,0) i
coupt Tepuineos (6,0) cranoBuau B cymi 11%,
anuKJIiuHUN MoHOTEepneH — wmipien (3%) i ce-
ckBiTepmeH B-rkapiobinnes (4,5%).

Edipna oaia O. vulgare, 3ibpana B CroBauuu-
Hi, BUABJISIA BICOKY AaHTUMiKPOOHY [Iifo Ha pede-
PEeHTHI Ta KJIiHiuHi i30J14TH YMOBHO IIATOTeHHUX
Mikpooprauismis. EdQipHa oirisg i3 3paskis, 3i0pa-
HuX Ha JIpBiBIIMHI, BUABJAIa HU3bKY aHTUMi-
KpOOHY aKTUBHICTb.

Or:ke, MOCTiAKYBaHI POCIAMHYN HAJIEKATH IO
Pi3HUX XeMOTHUIIiB, IO 0OYMOBJIIOE TIEPCIIEKTUBY
iX BUKOPUCTAHHS AJIA PI8HUX IIOTPEO 3aJIeKHO Bif
0ioxiMiuHOIO CKJaIy Ta BJIaCTHUBOCTEM.

Knwouwosi cnoea: edpipHa oais opirano, amTu-
MiKpoOHa aKTHUBHICTD, OioXiMiuHi BIacTUBOCTI.

72

ITenvo paboThl ABJSIETCA HCCJIAEJOBaHUE
KaueCTBEHHOTO 1 KOJUYEeCTBEHHOTO COCTaBa a(pup-
HBIX Macea O. vulgare, a TaKKe aHTUMUKPOOHBIX
CBOMCTB, pacTeHuil, cobpaHHbIX B BocTouwnoii Cio-
BaKuu u BO JILBOBCKOI o01acTu Y KpauHbI.

B ecrectBenHbBIX yemoBuax Origanum vulgare L.
ObLIN COOpaHbl B OKPECTHOCTAX cejia TpocTsaHerr,
JIbBoBcKadA obaactb, B 2019 rogy. B CiaoBakuu
pacTeHUA OBLIN BBIPAIIEHBI KOMIIaHME ATpOKap-
natel, [InaBuUa. dPUPHOE MACTIO U3 CHIPhS OT-
TOHSJIU TUAPOIUCTUILIAIIMEH (2 yaca) B anrmapare
Kausenrepa coryiacuo EBporeiickoit (papmakxoiiee.

UccnemoBaHue OMOXUMUUYECKUX CBOICTB
9(UPHBIX MacesJ HONYJIANUIN pacTeHUi, IPOUs-
pacTamIinnx B YCJI0BUAX JILBOBIIUHEBI, ITOKA3aJH,
UTO cofleprKaHue e(UPHBIX Maces coctaBiaeTr 0,35
* 0,05% . CocraB a(pupHBIX MacesJ YKa3bIBaeT Ha
OPUHAAJIEKHOCTh PACTEHUN HNPUPOAHOI MOIY-
aanuu Origano vulgare L., KoTopasa mpouspac-
TaeT BO JILBOBCKOM 00JIaCTU K MOHOTEPIEHOBO-
My XeMoTuiy. MOHOTepIIeHOBbIE YTJIEBOJOPOIbI
Ol-TePIUHEH U O-TePINHEOJ COCTABJIAIN B CYyM-
me 29-33%, anuKINYEeCKHe MOHOTEPIEHBI —
B-mupiien (7% ) u auramnon (4% ) u Toasko 15%
monudeHoJIbHOe COeIUHEHNE P-IITUMEH.

Pacrenusa O. vulgare, Bripaiennsie B CioBa-
KUU, XapaKTepu30oBaJuCh colep:kaHueM adup-
"Horo macaa 0,15-0,50% u KOMIIOHEHTHBIM CO-
CTaBOM, KOTOPBII ITO3BOJIMJI OTHECTH UX K KapBa-
KPOJBHOMY XEOTHIY, B KOTOPOM OCHOBHBIM WH-
TPeIeHTOM ABJIAIOTCA (DeHOJIBI — KapBaKpPOJ U
TumoJ (B cymme 71% ), usomponuaronyos 4,0% .
MoHoTepneHOBbBIE YIJIEBOAOPOIEI TepriHeH (5,0)
u cuupT TepuuHeos (6,0) cocTaBasgau B cymMe
11% , amuKkInYecKuii MOHOTEPIEH — MUPIEeH
(8% ) u ceckBuTepneH P-kapuopuiiex (4,5% ).

Adupuoe maciao O. vulgare, coopanuoe B Ciio-
BaKUU, IPOABJISANO0 BBICOKOE AaHTHMUKPOOHOE
IelicTBue Ha ped)epeHTHBIE U KINHUUYECKUE U30-
JISITBI YCJIOBHO IIATOTeHHBIX MUKPOOPTaHU3MOB.
AdpupHoe Macyso U3 00pas3IoOB, COOPAaHHBIX Ha
JIbBOBII[HE, MIPOANITIO0 HUBKYIO aHTUMUKPOO-
HYI0 aKTUBHOCTD.

Taxum o00pasom, uccaeayeMblie PACTeHUS OT-
HOCUJIUCHh K PA3JUUYHBIM XeMOTHUIIAM, UTO 00Y-
CJIOBJINBAET MEPCHEeKTUBY UX UCIOJIb30BAHUS IS
Pa3IMYHBIX HYK/ B 3aBUCUMOCTH OT OMOXUMUYE-
CKOT'0 COCTaBa U CBOMCTB.

Knrwoueevie cnoea: spumpHOEe Macjao OpPUTAHO,
AHTUMUKPOHAA AKTHUBHOCTH, OMOXUMHUYECKIIE
CBOIICTBA.
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The aim of this work was to study action of batumin on the strains of Candida albicans and
Candida krusei in planktonic and biofilm form and also to obtain more detailed insights into the
influence of batumin on biofilm formation by using atomic-force microscopy. The Minimum
Inhibitory Concentration (MIC) of batumin was studied according to CLSI standards. Formation of
a biofilm was studied by the photometric O’Toole method by means of a plate photometer ELx808
(BioTek, USA) at wavelength of 630 nanometers.

The batumin has a high selective activity against staphylococci (MIC > 0,25 ng/ml), at the same
time, antibiotic, being not active concerning yeast of the genus Candida (MIC > 512 png/ml) showed
the inhibiting action on biofilm formation of these microorganisms. Batumin influence on biofilm
formation was studied in type, collection strains C. albicans, C. krusei and clinical isolates.
Presence 0,125 pg/ml of batumin in the broth (1/2 MIC for staphylococci) reduced the biofilm
formation at 55.6% of the studied strains. Their biofilm formation values varied for C. albicans
from 1.5-3.9 CU (conventional unit: ODg3, in experimental samples/ODg3, in control samples), for
C. krusei of 2.3-3.0. Batumin was more effective against Candida strains with strong biofilm
formation.

Atomic force microscopy revealed qualitative changes in the exopolymeric matrix due to
batumin treatment, as well as a significant reduction in the number of cells adhered to the
coverslip, preventing formation of C. albicans 127 biofilm, However, C. albicans ATCC 24433 a
significant reduction in the number of cells adhered to the coverslip weren’t observed.

The data obtained by an Atomic force microscopy confirm ability of a batumin to prevent
formation of a biofilm at the studied strains that allows to consider it as the preventive agent at
treatment of the infections caused by yeast-like fungi of the genus Candida.

Key words: batumin, Candida, biofilm, atomic force microscopy.

Candida spp. are serious causes of hospital-
acquired blood and urinary tract infections,
and the most of these infections are associated
with implanted medical devices such as central
venous and bladder catheters with biofilm
formation within these devices [1].

A relevant characteristic of Candida
biofilms is resistance to antifungal agents,
which can be intrinsic or acquired by transfer
of genetic material between biofilm cells [2].

It has already been shown that antibacterial
drugs can affect Candida biofilm formation.
Tigecycline, for instance, is highly active
against growing and mature biofilms of

Candida albicans [3], whilst rifampicin can
induce biofilm formation by this Candida
species [4].

The polyketide antibiotic batumin
synthesized by the producer strain
Pseudomonas batumici has a high selective
activity against staphylococci. At the same time
strains of the yeast species C. tropicalis, C. utilis
and C. albicans are resistant to batumin (MIC >
512 ng/ml) [5, 6]. However, our data indicate
that the addition of antibiotic in concentration
of 0.125 pg/ml reduces the formation of
biofilm not only in staphylococci strains, but in
C.albicans as well [7].

73



BIOTECHNOLOGIA ACTA, V. 13, No 3, 2020

The objective of this work was to study
action of batumin on the strains of C. albicans
and C. krusei in planktonic and biofilm form
and also to obtain more detailed insights into
the influence of batumin on biofilm formation
by using atomic-force microscopy.

Materials and Methods

Batumin, obtained by fermentation of
Pseudomonas batumici, was purified by silica gel
preparative chromatography to 85% of purity.

Batumin is commercially available from
Santa Cruz Biotechnology (Santa Cruz, CA) or
Enzo Life Sciences Antwerp, Belgium).

The object of the study were type and
collection strains of C. albicans (n = 33) and
C. krusei (n = 12) (Table 1), isolated from
patients after examination for intestinal
dysbiosis, from skin microbial dysbiosis
(microbial collection of the Institute of Cellular
and Intracellular Symbiosis, Ural Branch
of Russian Academy of Sciences, Orenburg,
Russia).

Identification of C. albicans and C. krusei
was carried out on the basis of morphological,
cultural and biochemical properties with the
use of the commercial test system API20CAUX
(bioMerieux, France).

The Minimal inhibitory concentration
(MIC) of batumin was studied according
to CLSI Standards in Mueller-Hinton agar
[8]. The microbial load of C. albicans was
0.5 x 10" cfu/ml and the Petri dishes were
incubated at 37 °C for 24 hours.

Concentration of batumin (0.125 png/ml)
was used to study its effect upon biofilm
formation in Candida. Biofilm formation was
studied by a photometric method determining
the bacterial capacity to adhere to the 96-
well polystyrole plane-table surface (Thermo
Scientific, USA) with subsequent crystal violet
staining [9]. An antibiotic was added into
culture medium simultaneous with the culture
of fungi and cultivated 24 hours. At the study
of influence of batumin (0.125 pg /ml) on the
different stages of biofilm formation by C.
albicans strains the antibiotic was added into
culture medium simultaneously with yeast-like
fungi in 90 minutes, 24 and 48 hours from the
beginning of incubation.

Optical density measurement was done
using a photometer ELx808 (BioTek, USA)
at a wavelength of 630 nm. Degree of biofilm
formation was presented in conditional units
(CU) which was the optical density of the
broth after growth of the strain relative to the
nutrient broth optical density.
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For the study of batumin effect on biofilm
formation by atomic force microscopy, we used
C. albicans ATCC 24433 as test-culture and
C. albicans 127 (clinical isolate). For testing the
influence of batumin on biofilm production,
glass coverslips were immersed into Luria-
Bertani broth with 0.125 pg/ml of batumin
and incubated for 48 h at 37 °C.

Visualization of the biofilms was done by
atomic force microscopy using the SMM-2000
microscope (Proton-MIET Closed JOINT Stock
Company, Russia), in contact mode in an air
environment [10][11].

Statistic analysis was performed by non-
parametric method using Mann Whitney
U-test [12].

Results and Discussion

All the studied 45 strains of C. albicans and
C. krusei were highly resistant to batumin (MIC
of 512 ng/ml), in correspondence with earlier
data [6]. The resistance of strains to batumin
was studied according to CLSI Standards in
Mueller-Hinton agar [8]. At the same time, our
preliminary research showed effectiveness of the
antibiotic on inhibition of formation of a biofilm
in the cultures of the genus Candida [7, 13].

In experiments on batumin effect on
biofilm formation by strains of Candida we
used concentration 0.125 png/ml, which causes
only modification of biological properties,
including biofilm formation and did not
influence on grows properties of cultures.

The obtained results showed that the
effect of batumin on the formed biofilm in
the representatives of the genus Candida
was variable for different strains and species
(Table 1).

The biofilm formation values varied for
C. albicans from 1.5 to 3.9 CU, for C. krusei
from 2.3 to 3.0. Presence of batumin (0.125 ng/
ml) in the broth reduced the biofilm formation
for 55.6% in the studied strains of fungi,
whereas for staphylococci this was 85% [14].

Of special interest is the fact that the
change in biofilm in the presence of batumin
differs for different strains of Candida,
and that these differences are caused at a
concentration of only 0.125 png/ml, for strains
resistant to the studied antibiotic (Table 1).

Apparently, the changes we have detected
in the biofilms of yeast-like fungi under the
influence of batumin made them unstable,
incapable of persistence and dissemination in
the human body.

It should be noted that batumin is more
effective against C. albicans strains with
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Table 1. Batumin effect against biofilm formation by Candida albicans and Candida krusei

Biofilm formation before

Biofilm formation

batumin after 0.125 ng/ml batumin
Strains Source optical density optical density

(ODg30) cu* (ODg30) cur
1 |C.albicans 24433 | Xeferepee ATCC 0.12 2.4 0.13 2.6
2 |C.albicans 3 Vaginal 0.2 4.0 0.105 2.1
3 |C.albicans 4 Vaginal 0.155 3.1 0.135 2.7
4 | C.albicans 8 Vaginal 0.075 1.5 0.085 1.7
5 |C.albicans 13-2 Vaginal 0.195 3.9 0.075 1.5
6 |C.albicans 27 Vaginal 0.136 2.7 0.135 2.7
7 |C.albicans 18s Skin 0.185 3.7 0.13 2.6
8 |C.albicans 118 Colon 0.145 2.9 0.085 1.7
9 |C.albicans 53 Skin 0.115 2.3 0.115 2.3
10 |C. albicans 54b Skin 0.105 2.1 0.11 2.0
11 |C.albicans 1-n Nose 0.075 1.5 0.086 1.7
12 | C. albicans 123 Colon 0.09 1.8 0.1 2.0
13 |C.albicans 127 Colon 0.145 2.9 0.09 1.8
14 |C.albicans 128 ¢ | Colon 0.215 4.3 0.125 2.5
15 | C. albicans 139 Colon 0.256 5.1 0.195 3.9
16 |C.albicans 145-1 | Colon 0.25 5.0 0.135 2.7
17 |C.albicans 146 Colon 0.47 3.4 0.106 2.1
18 |C.albicans 147 Colon 0.16 3.2 0.101 2.0
19 |C.albicans 172 Colon 0.225 4.5 0.14 2.8
20 |C.albicans 173 Colon 0.105 2.1 0.105 2.1
21 | C.albicansl74 Colon 0.09 1.8 0.1 2.1
22 | C.albicans 175-2 | Colon 0.1 2.0 0.105 2.1
23 |C.albicansl76 Colon 0.09 1.8 0.09 1.8
24 | C.albicans 177 Colon 0.11 2.2 0.1 2.0
25 | C.albicans 178c | Colon 0.105 2.1 0.105 2.1
26 |C.albicans 183 Colon 0.075 1.5 0.085 1.7
27 |C.albicans 28 Vaginal 0.115 2.3 0.105 2.1
28 | C.albicans 29 Vaginal 0.096 1.9 0.095 1.9
29 |C.albicans 30 Vaginal 0.125 2.5 0.0125 2.5
30 |C.albicans 23s Skin 0.171 3.4 0.075 1.5
31 | C.albicans 212 Colon 0.145 2.9 0.09 1.8
32 | C.albicans 213 Colon 0.135 2.7 0.105 2.1
33 |C.albicans 215-1 | Colon 0.09 1.8 0.1 2.0
34 |C.krusei9 Colon 0.075 1.5 0.085 1.7
35 |C.krusei 10 Colon 0.16 3.2 0.115 2.3
36 |C.krusei21 Colon 0.1 2.0 0.095 1.9
37 |C. krusei 22 Colon 0.12 24 0.135 2.7
38 | C. krusei 23 Colon 0.24 4.8 0.13 2.6
39 | C. krusei 2-n Nose 0.175 3.5 0.145 2.9
40 |C. krusei 2 Vaginal 0.135 2.7 0.125 2.5
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Table 1. End
Biofilm formation before Biofilm formation
batumin after 0.125 pg/ml batumin
Strains Source
opti(c(§1]1)(:3e$sity CcU* opti(cg]l)c;;:(?)sity cU*
40 |C. krusei?2 Vaginal 0.135 2.7 0.125 2.5
41 |C. kruseib Vaginal 0.19 3.8 0.13 2.6
42 | C. krusei 6 Vaginal 0.215 4.3 0.151 3.0
43 |C.krusei 7 Vaginal 0.075 1.5 0.065 1.3
44 |C. krusei 25 Colon 0.075 1.5 0.09 1.8
45 | C. krusei 26 Colon 0.11 2.2 0.11 2.2

Note: * — CU: conventional unit: ODg3y in experimental samples / ODg3q in control samples. The optic
density of control samples is 0.05, which is the nutrient broth density; ** — the results are representative on
three separate experiments. P < 0.05 (Mann-Whitney U-test).

strong biofilm formation (CU values between
2.6 and 3.1).

The analysis of the experimental data on
batumin at the stage of biofilm formation for
C. albicans showed dependence of batumin
effectiveness at the stage of biofilm formation
(Table 2).

Addition of batumin to the cultivation
medium simultaneously with C. albicans did
not influence biofilm formation of fungi in
40% of cases, and promoted reduction of
biofilm formation values in 60% of cases for
63.1 = 3.4% of the initial level (P < 0.05).

Addition of batumin in 90 min after
incubation of C. albicans (an initial stage of
biofilm formation) reduced values of biofilm
formation in 70% of cases on average by 48.8 =
4.4% versus control (P < 0.05). Addition after
24 hours of growth, the antibiotic reduced
formation of biofilm in culture in 50% of
cases versus 24.8% of control (P < 0.05), and
in 50% of cases — stimulated this parameter
by 32.4%.

After incubation of C. albicans with the
antibiotic during the 48 hours in 70% of cases
the lack of the preparation influence was noted
and only in 30% of strains decrease in biofilm
formation was noted only by 5.6%.

Thus, the biofilm of the studied strains
of C. albicans is sensitive to batumin at early
stages of its formation whereas the well-
established biofilm was more resistant to
studied preparation.

On the contrary, batumin in 22.2% of cases
stimulated low level of biofilm formation in
yeast-like fungi. Possibly, the obtained data
reflect the developed relationship between
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species of microorganisms in a microbiocenosis,
as it is known that in interaction of bacteria
of the genus Pseudomonas and fungi of the
genus Candida there is a mutual depression
of biofilm formation of microorganisms at all
stages of development [15, 16].

By its action on biofilms of cultures of
Candida batumin is similar to action on
biofilms of Staphylococci [13]. Sidrim et al.
(2015) reported a similar effect when studying
B-lactam antibiotics and vancomycin effects on
formation of biofilms of Candida spp.

A more detailed study of batumin action
upon C. albicans biofilm formation was
carried out using atomic force microscopy for
C. albicans ATCC 24433" and C. albicans 127
(clinical isolate).

On the coverslip incubated with the cells
C. albicans ATCC 24433" without batumin the
set of cells adhered to its surface (Figure, A).
The glass coverslips were immersed into
Luria-Bertani broth with 0.125 pg/ml
of batumin and incubated for 48 h at
37 °C. At visualization of the surface of
microorganisms, the spherical formations
which are presumably gemmating daughter
cells (Figure, B) are clearly visible. However,
a significant decrease of the number of
adherent cells in the presence of the antibiotic
was not observed (Figure, C, D).

A detailed study of the surface of bacterial
cells treated with batumin allows establishing
significant reduction of their roughness values
(Table 3).

The cells of C. albicans 127 were observed
in the form of a monolayer of separate islets
(Figure, F). This strain formed biofilm on the
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Atomic force microscopy — topography images of C. albicans ATCC 244337 ((A) (B)) without batumin;
((C) (D)) — in the presence of 0.125 ng/ml of batumin and C. albicans 127 without batumin (F, G), with
antibiotic (H, I)

Scale bars: 1 pm.

surface of the glass, as can be seen. Surface
biofilm was formed by an exopolymeric
matrix with cells of round shape immersed
in it (Figure, G). The addition in the medium
of batumin caused, on the one hand, the lack
of signs of an exopolymeric matrix (Figure,
H, I), and on the other hand, the change of
cell morphology. So the mean diameter of
cells was equal to 1.88 = 0.43 yum, which was
significantly less than control values 2.29 =
0.20 (Table 3).

Atomic force microscopy revealed
qualitative changes in the exopolymeric
matrix due to batumin treatment, as well as
a significant reduction in the number of cells
adhered to the coverslip, preventing formation
of C. albicans 127 biofilm. In C. albicans ATCC
244337, a significant reduction in the number
of cells adhered to the coverslip was not
observed. In this case a nonspecific interaction
of batumin and a surface ligand of C. albicans
ATCC 24433" is probable.
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Table 2. Influence of batumin (0.125 ug /ml), expressed as CU%*,
after addition at different stages of biofilm formation by Candida albicans strains

C. albi_cans Before AtOh After 90 min After24 h After 48 h
strains
ATCC 24433" 2.4 2.6 1.7 1.7 2.4
118 2.9 1.7 1.8 2.9 2.8
123 1.8 2.0 1.8 2.3 2.0
173 2.1 2.1 2.0 2.8 2.1
174 1.8 2.1 1.8 2.6 1.8
127 2.9 1.8 1.8 2.6 2.9
128c¢ 4.3 2.5 3.0 3.5 4.0
146 3.4 2.1 2.2 2.4 3.4
147 3.2 2.1 2.5 3.0 3.2
112 2.9 1.8 1.9 3.6 2.9

Note: * — CU: conventional unit: OD630 in experimental samples / ODgsq in control samples; ** — the results
are representative on three separate experiments. P < 0.05 (Mann-Whitney U-test).

Table 3. Morphological characteristics of C. albicans ATCC 24433" and C. albicans 127
in the presence of batumin 0.125 ng/ml

C. albicans Batumiq Adherent L h Width Height Roughness
strain concentration cells,% ength (pm) values (nm)
(ng/ml) (pm) (nm)
i 0 100.0=11.0 | 3.50+1.17 | 2.09=0.50 | 1.86=0.53 | 49.4+12.3
0.125 47.0 =4.0% 3.80+1.38 | 1.91+0.61 | 1.09+0.35% | 41.0=*16.0
127 0 100.0 +=11.0 2.66+0.45 | 2.29+0.20 | 1.85+0.25 45.6 = 6.5
0.125 15.0*+5.5 2.77+0.42 [ 1.88+0.43*| 1.62=0.15 44.2 +14.4
Note: * — P <0.05 (Mann-Whitney U-test).
The results presented in this work showed
that all studied C. albicans and C. krusei strains Acknowledgement

were highly resistant against batumin (MIC >
512 ng/ml). However, the antibiotic showed
inhibition of biofilm formation of these
microorganisms.

The biofilm of the studied strains of
C. albicans and C. krusei was sensitive to
batumin at early stages of its formation,
whereas the well-established biofilm was more
resistant to studied preparation.

The data obtained by an atomic-force
microscopy confirm the ability of batumin to
prevent formation of biofilm in the studied
strains that allows to consider it as the
preventive agent for treatment of yeast-like
fungi of the genus Candida.
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AKTHUBHICTD in vitro AHTUBIOTUKA
BATYMIHY 1IO/10 BIOIIJIIBOK
Candida albicans

JI. M.‘Iypm‘ual, H.B. Hepynoeaz,
O. B. Byxapiuz, O. B. Isanosa?, JI. B.Apowenko®
1IHCTI/ITYT MiKkpo06ioJorii i Bipycosorii
im. II. K. 3abomxoraoro HAH Vkpaiuum,
Kuis
2IHCTI/ITYT KJIITUHHOTO 1 BHYTPiNTHBOKJIITUHHOTO
cumbiosy ¥YpB PAH, Openoypr, Pociiicbka
depeparrisa

E-mail: LNKogut@hotmail.com

MeTor0 poboTu 0yJI0 BUBUMTH Aif0 OaTyMiHy Ha
mramu Candida albicans i Candida krusei B niiaHK-
TOHHIiI Ta 6i0ILTiBKOBil (hopMi, a TAKOXK oJep:KaTu
OiIBII JeTaabHi BiJOMOCTI I110/[0 BIJIMBY OaTyMiHY
Ha (hopMyBaHHS OiOMIiBKY 3 BUKOPHUCTAHHAM aTOM-
HO-CUJI0BOI MiKkpockomii. MinimanbsHy iHTiOyBaIh-
"y Kounenrparito (MIK) 6aTyminy mociimxyBaau
BigmosigHo mo craggaprtiB CLSI. ®opmyBaHHs 6io-
IIiBKY BUBUYAIU (poromerpuuHuM metogom O’ Toole
3a JoroMoroio iaaHieTHoro goromerpa ELx808
(BioTek, USA) 3a noB:xxuau xBuii 630 HM.

IMonikeTuagHMi aHTUOIOTUK OATyMiH Mae BU-
COKY CeJIEKTMBHY aKTHUBHICTH CTOCOBHO cTadimo-
KOKiB. BogHouac auTHO0iOTHUK, 10 € HEaKTUBHUNI
crocoBHO apikmKiB pony Candida (MIK 512 mir/
MJI), TOKas3aB iHribyBaJybHy Aifo Ha (popMyBaHHSA
OiomIiBOK y X MiKkpoopranismis. Boius 6aTymi-
HY Ha YTBOPEHHS 0iOMIiBKY BUBYAJIY HA TUTIOBUX
i Kosmekniriaux mramax C. albicans, C. krusei Ta
KJIiHiuHUX i3oaarax. [IpucyTHiCTE y cepeaoBHUIIi
0,125 mrr/ma 6aryminy (1/2 MIK nna cradiso-
KOKiB) BHUIKYBaJIO YTBOPEHHA OiomIiBKu y 55,6%
JIOCJIi I3KyBaHUX IIITAMIiB. IxHui sHaueHHA BapiroBa-
an g C. albicans Bix 1,5 5o 3,9 YO, nusa C. krusei
Bix 2,3 mo 3,0. Barymin 0yB e(pekTUBHIIIII 11010
mramiB Candida 3 BUCOKMMU 3HAUEHHAMU 0io-
IJIIBKOYTBOPEHHS.

AToMHO-CHJIOBA MiKPOCKOIIisfA BUABUJIA AKic-
Hi 3MiHU B €K30M0JiMepHOMY MaTpuKci 3a mii 6a-
TYMiHYy, a TaKOX 3HAUHe 3MEHIIIeHHSA KiJIbKOCTi
aAre30BaHUX KJITHH, 3amobirarouym yTBOPEHHIO
b6iomaiBku C. albicans 127. Oguax y C. albicans
ATCC 24433 cyTTeBOro 3MeHIIIEHHS YKCJa ajare-
30BaHMUX KJIITHUH y IPUCYTHOCTI aHTHOIiOTUKA He
cmocTepiraugocs.

OrpumaHi 3a HOIOMOTOI0 aTOMHO-CHJI0BOI
MiKpocKotii gaHi migTBepAKyIOTh 3MaTHICTH Oa-
TyMiHY 3amobiraTu yTBOpPeHHIO OiOIIiBKH y JO-
CHIiIKyBaHUX IIITAMIB, IO A€ 3MOTY PO3TJIAIA-
T HOT0 IK INPEeBeHTUBHUN 3acid mpu JiKyBaHHI
iH(pexiil, AKi cipuunHeH] APiMKIKOTONIOHNMU
rpubamu poxny Candida.

Knawmouwosi cnosa: 6arymin, Candida, 6iomriBka,
aTOMHO-CHJIOBA MiKPOCKOIIid.
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AKTHUBHOCTD in vitro AHTUBUOTHUKA
BATYMHUHA B OTHOIIIEHUN
BHUOIIJIEHOK Candida albicans

J.HY prcuHal, H.B. Hepyﬂoeaz,
O. B. Byxapun®, E. B. Heanoea?, JI. B.'HpOLue;Luco2

"M HcTrTyT MEKPOGHOIOTUY 1 BUPYCOIOIAN
uMm. I1. K. 3a6omornoro HAH Vkpaunsl, Kues
2YIHCTUTYT KIIETOYHOTO U BHYTPUKJIETOUHOTO

cumbuosa YpO PAH,
OpenoOypr, Poccuiickasa ®@egepanus

E-mail: LNKogut@hotmail.com

ITennio paboThHI OBIIO M3yUeHMe AelicTBUA Oa-
TymuHa Ha mrammbl Candida albicans u Candida
krusei B MJIaHKTOHHON U OMOILJIEHOUHOII (hopMe, a
TaKsKe ImoJiyueHue 6oJjee MOAPOOHBIX CBeIeHUN O
BINSAHUY OaTyMuHA Ha (hopMUPOBaHUE OUOILIEH-
KU C HUCIOJIb30BaHUEM aTOMHO-CUJIOBOM MUKPO-
ckonuu. MUHUMAJIbHYIO MHTUOUPYIOITYI0 KOHIIeH-
tpanuo (MUK) 6arymuHa mcciegoBaam B COOT-
BercTBUU co craumapramu CLSI. @opmuposanue
OUOILIEHKU U3yUaIu (POTOMETPUUECKUM METOL0M
O’Toole ¢ momomb0 IIaHIIETHOTO (oTOMETpA
ELx808 (BioTek, USA) npu giuse BoaHBI 630 HM.

ITomuKeTuAHBIN aHTUOMOTUK 6aTyMUH 06.J1a1a-
€T BBICOKOM CeJIEKTUBHOU aKTUBHOCTHIO B OTHOIIIE-
HUM cTa()UIOKOKKOB, B TO K€ BpeMs aHTUONOTHUK,
Oyayuu HeaKTHUBHBIM B OTHOIIIEHUH APOKIKeH poaa
Candida (MUK 512 MKr/Mi1), IOKasaJa HHTUOUPY-
[olfee AelicTBUe Ha ()OPMUPOBAHE OMOMIJIEHOK Yy
9TUX MUKPOOPTaHM3MOB. Biusuue 6aTymMuHa Ha
oOpasoBanue OMOIIIEHKY M3yYasy Ha TUIOBBIX U
KoJLIeKIIMOHHEBIX ImtamMMmax C. albicans, C. krusei,
a TaK/Ke KJIMHUYEeCKUX M30JsTax. IIpucyrcreue B
cpene 0,125 mxr/ma 6arymuna (1/2 MUK nis cra-
(hUITOKOKKOB) CHIKAJIO 00pa3oBaHme OMOILIEHKHT Y
55,6% wucciegyemMbIx MITaMMOB. VX 3HAUeHU Ba-
pruposanu aisa C. albicans ot 1,5 go 3,9 VE, musa
C. krusei ot 2,3 no 3,0. Barymun 6511 60J1ee addex-
TUBeH B oTHoILIeHnY mrtaMmMmoB Candida ¢ BBICOKU-
MU 3HAUEHUAMY OMOILIEHKOOOPa30BaHU .

AToMHO-cHIOBasi MUKPOCKOIIMS BBIABIIIA Kaue-
CTBEHHbBIE U3MEHEHUs B 9K30IOJIUMEPHOM MaTPUK-
ce mpu AedicTBUM 6aTyMMHA, a TaKiKe 3HAUUTEb-
HO€ YMEHbIIIeHNe YKCJIA aAre3nPOBAHHBIX KJIETOK,
mpenoTBpaiiias oopasosaune ouoreHky C. albicans
127. Oguaxo y C. albicans ATCC 24433 cy1iecTBeH-
HOTO YMEHBIIIeHNU Ycja aAre3uPOBAHHBIX KJIETOK
B IPUCYTCTBUU AHTUOMOTUKA He HaOII0aI0Ch.

ITonydyeHHBIE C TTOMOIIBI0 ATOMHO-CUJIOBOM
MUKPOCKOIINY JaHHBIE ITOATBEPKIAIOT CIIOCO0-
HOCTh 6aTyMHHAa IpegoTBpallaTh 0o0pasoBaHUe
OMOIIJIEHKU y MCCJEeNYEeMbIX IIITaMMOB, UYTO IIO-
3BOJIIET PacCMATPUBATH €r0 KaK IIPEeBeHTUBHOE
CPEeICTBO IIPU JIeUeHUN NH(PEKIUil, BEI3BAHHBIX
Iposk:kenonobubIMu rpubamu poaa Candida.

Knwouesnvte cnosa: 6arymun, Candida, 6uomieH-
Ka, aTOMHO-CUJI0BAsA MUKPOCKOIIMS.
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The work was aimed to study the processes of industrial wastewater purification of a pharmaceutical
company treatment and to recommend an effective technology for local treatment of such wastewater
in accordance with the requirements of normative documents on the treated wastewater disposal into
the urban sewerage system.

Model solutions of cefuroxime, a cephalosporin antibiotic, in distilled water with a concentration of 25 and
35 mg/dm? were used for the study. COD model solutions, which is, respectively, 90 and 120 mg/dm?. Chemical
oxygen demand was etermined by the dichromate method (according to the guiding normative document (GND)
211.1.4.021-95. “Methods for Chemical Oxygen Demand (COD) Determining in Surface and Wastewater”).

The proposed technology included the following successive processes of physical and chemical treatment of
wastewater: aeration — equalization of quantitative and qualitative composition of wastewater and oxidation
up to 30% of organic matter; coagulation — removing of antibiotics from wastewater by their adsorption on a
highly developed surface of mineral coagulants flakes; sedimentation — separating of the formed flakes;
oxidation of antibiotics destruction products by hydrogen peroxide; filtration — removal of fine impurities.
Effect of COD reduction rate in the coagulation and setteling of wastewater in the case of ferrous sulphate III
was 79.2% and 75%, which is higher by 4,2—-6,7% than when using aluminum sulphate. The COD index
changing of the pharmaceutical enterprise wastewater by the stages of its purification was found as follows:
“aeration — coagulation with iron sulfate III — sedimentation — oxidation — filtration”. After filtering effect
of reducing COD index was 95,8-100% at the initial value of 120 and 90 mg/dm? respectively. The technology
of local wastewater treatment from antibiotics was developed, which was based on the consistent use of physico-
chemical methods of treatment and enabled to remove antibiotics and related substances from wastewater in
accordance with the requirements of normative documents and disposal of treated wastewater into the urban
wastewater system.

Application of the developed technology of local wastewater treatment from antibiotics and related
substances by the pharmaceutical companies would lead to meet the requirements of industrial wastewater
disposal into the city drainage system, to a significant risk reduction of the antibiotics influence on the
microorganisms of active sludge of the urban wastewater biological treatment facilities, to operating
costs reduction to achieve maximum allowable discharges (MAD) of wastewater into a natural reservoir.

Key words: antibiotics, wastewater, treatment, pharmaceutical enterprises.

Environmental protection should be a pri-
ority of state policy, Ukrainians should look at
all spheres of life through an ecological prism,
and business should gradually move to envi-
ronmentally friendly production processes.
Environmental standards must be integrated
into all areas of the economy and everyday life
of Ukrainians. Such a system works success-
fully in European countries and should be
tested in our country. Only the integration of
environmental policy and socio-economic
development will make it possible to stabilize

the state of the environment in Ukraine and
move to a model of sustainable development.
Ukraine has made significant progress
in implementing European environmental
legislation and meeting its obligations to
implement environmental requirements
such as those operating in EU countries. In
particular, the Laws “On Environmental
Impact Assessment” (which is already working
successfully) and “On Strategic Environmental
Assessment” were adopted, which oblige to
take into account the needs of the environment
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at the stage of development and decision-
making.

Unfortunately, in relation to the normative
documents of Ukraine on wastewater treatment
from pollution, in contrast to the normative
documents in the EU, USA and Canada, these
documents do not take into account several
important indicators of wastewater composition
that directly affect the effects of wastewater
treatment, active sludge properties and
residual concentrations of environmentally
hazardous pollutants in treated wastewater
during disposal into natural reservoirs.
Such indicators include the concentration of
nitrogen-containing compounds in terms of
total nitrogen, the concentration of phosphorus-
containing compounds in terms of total
phosphorus and the concentration of antibiotics
and related substances.

The efficiency of municipal treatment
plants (speed, treatment effects and depth of
individual pollutants removal, the composition
of their oxidation products, etc.) depends on
many factors, among which one of the main is
the physico-chemical composition of wastewater.

The most sensitive link to the negative
impact of wastewater chemical components is
the active sludge of biological treatment plants,
namely its main technological properties such as
the ability to oxidize dissolved pollutants and the
ability to sediment and separate from the treated
liquid during settling. An important indicator
of wastewater safety for the reliability of urban
treatment plants is the impact of their pollution
on the sedimentation properties of active sludge
and the ability to separate from the treated
liquid during settling. These indicators are not
always taken into account when controlling the
composition of industrial wastewater supplied
to the city sewer, as well as the presence of
biologically active compounds like antibiotics,
biocides, inhibitors, etc. in wastewater.
Neglecting these characteristics causes a
number of extremely negative consequences for
water utilities: reducing the efficiency of urban
wastewater treatment and increasing operating
costs to achieve the required indicators,
exceeding the MAD when discharging treated
wastewater into natural reservoirs (indicators
strictly controlled by environmental services),
active sludge “swelling” with the prospect of its
further loss, etc.

Although in Ukraine there are companies
that provide local wastewater treatment after
the production of liquid drugs, such as Private
Joint Stock Company (PJSC) “Scientific
Production Center (SPC) Borschagivsky
Chemical and Pharmaceutical Plant”, as well
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as companies that have begun work to address
the issue of local wastewater treatment from
antibiotics — Lekhim-Obukhiv LLC, Obukhiv
city, and Chemical Plant “Chervona Zirka”
PJSC, Kharkiv city, but nowadays one of the
urgent problems is the presence of antibiotics
in the wastewater of pharmaceutical industries.

In most cases, antibiotics and the products
of their transformation do not have the
ability to biological transformation, as well as
they adversely affect the microorganisms of
treatment plants (active sludge aeration tanks).

Physicochemical and biological methods
are used to treat pharmaceutical wastewater
from antibiotics.

Among the physico-chemical methods,
the methods aimed at antibiotic molecules
structure destroying should be noted, such as
oxidation by various oxidizing agents: ozone
[1, 2]; hydrogen peroxide [3, 4]; potassium
permanganate [2, 5] and others.

Another group of physico-chemical
methods is focused on antibiotics removal
using the following methods: adsorption
on coagulant or flocculant flakes [6, 7], on
activated carbon [8, 9], on zeolites, etc.;
membrane separation (ultrafiltration)[10, 11].

The use of biological methods of wastewater
treatment from antibiotics [1, 12, 13, 14,
15] has shown good results with long-term
aeration of wastewater. Thus, when aerated for
1-3 days, the purification effect by biological
oxygen demand (BODj) reached 90-96%. To
increase the treatment effect of pharmaceutical
companies wastewater, in the literature the
following measures are proposed:

e to dilute the concentrated wastewater of
the pharmaceutical company with municipal
wastewater 4—5 times;

¢ to use two- or three-stage biological treatment
technologies with a total efficiency of 90-95% ;

e to dose the compounds of inorganic
phosphorus in aeration tanks in the treatment
of wastewater from antibiotics, because of
its very small amount in the wastewater of
pharmaceutical industries;

e to increase the temperature of wastewater
up to 35 °C, which allows to increase the
treatment efficiency up to more than 90%, etc.

In Igor Sikorsky Kyiv Polytechnic
Institute, the scientists of Ecobiotechnology
and Bioenergy Department conducted the
research (with practical implementation) to
develop a technology for local treatment of
industrial wastewater from antibiotics.

The purpose of the work is to investigate the
processes of industrial wastewater treatment
of a pharmaceutical enterprise and to propose
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an effective technology of local wastewater
treatment in accordance with the requirements
of normative documents on the treated
wastewater discharge into the urban sewage.

Materials and Methods

Model solutions of cefuroxime, that is
cephalosporin row antibiotic, were prepared
for the study in distilled water with a
concentration of 25 and 35 mg/dm?. For the
preparation of solutions, a pharmaceutical
form of cefuroxime was used, namely tablets
(cefuroxime Sandoz). 1 tablet contains 250 mg
of cefuroxime and excipients. The tablets
were crushed and solutions of the above
concentration were prepared.

The chemical oxygen demand indexes
(COD) of model solutions were determined,
which were, respectively, 90 and 120 mg/dm?.
Chemical oxygen demand (COD) was determined
by the dichromate method (according to the
guiding normative document (GND) 211.1.4.021-
95. “Methods for Chemical Oxygen Demand (COD)
Determining in Surface and Wastewater”).

The following procedures of model solutions
processing were investigated consistently:

1. Model solutions aeration by means of the
aquarium compressor with air productivity of
20-40 dm?/h) and the aerator installed in the
vessel of 250 ml with the investigated model
solution, within 16 hours;

2. Coagulation with mineral coagulants:

e ferrum III sulfate at a dose of 50 mg/dm?
by Fe,(S0,)3, Fey(SO,)57TH,0 was used as a
reagent;

e aluminium sulfate at a dose of 50 mg/dm?
by Al,(SO,)5, Aly,(SO,)5:18H,0 was used as a
reagent.

To achieve complete coagulation of mineral
salts, the pH was adjusted to 7.0-7.5 with a
solution of alkali NaOH.

The model solutions were quickly mixed
with the coagulant solution for 1-2 min and
continued to stir slowly for 15-20 min till
flakes formation and agglomeration.

3. Sedimentation the coagulated impurities
for 30 minutes.

4. Clarified water selection from the vessel
and formed precipitate separation.

5. Oxidation of clarified water
contaminants with hydrogen peroxide at a
dose of 30 mg/dm? using a solution of 30%
concentration for 30 min with stirring using a
laboratory magnetic stirrer.

6. Solution filtration through a sand filter.

Sand for filtration (fraction of 0.5-
0.8 mm) was prepared as follows: thoroughly

washed with running water from mechanical
impurities; dried in an oven at 105 °C for
10 hours; fired in a muffle furnace at 600 °C
for 2 hours to ash all residual contaminants;
cooled and washed with distilled water. After
that, the sand was transferred to the filter
and filter layer of a 10 cm high was formed,
filtration rate was 2 cm/min.

At each stage of the process, water samples
were taken to determine the COD wvalue.
The analysis results and the determined
purification effects at each stage are given
in the Table and in the Fig. 1 and 2. The
reliability of the obtained data is P < 0.05, i.e.
statistically significant differences are found.
To assess the significance of the difference
between the averages of the two groups, t—test
(Student’s test) was used.

Results and Discussion

The results of studies using aluminium
sulfate (Table) showed lower values of COD
reducing effect — 80 and 75% at the initial COD
90 and 120 mg/dm?, respectively. Therefore,
a coagulant based on ferrum III sulfate has a
certain advantage over aluminium sulfate.

As it is shown in Fig. 1, the greatest
decrease in the COD index was observed in the
coagulation processes of pollutants contained
in wastewater, and in settling. For coagulation,
mineral coagulants based on ferrum III sulfate
and aluminium sulfate were used with pH
adjustment to achieve the isoelectric region
for the most complete formation of iron III and
aluminium hydroxides, their coagulation and
wastewater treatment from organic pollutants.
The effect of COD reduction in coagulation
and sedimentation of wastewater in the case of
ferrum III sulfate usage was 79.2% and 75.0%
in the initial COD of untreated wastewater,
respectively, 90 and 120 mg/dm?.

Increasing the initial COD index value in
untreated wastewater reduces the effect of
organic pollutants removal by COD when using
coagulation and sedimentation by 4.0-6.5%.

The use of other purification processes
according to the studied technological scheme
allowed COD reduction by 25.0-33.3% during
aeration, by 91.7-94.4% during oxidation
with hydrogen peroxide, by up to 95.8-100%
during filtration.

Based on the obtained results, the
technology was developed (Fig. 3), process
parameters were established (aeration
duration, reagent dose, sedimentation
duration, filtration rate, filter loading height,
amount of precipitate formed, etc.).

83



BIOTECHNOLOGIA ACTA, V. 13, No 3, 2020

The results of physico-chemical treatment technology research
of a pharmaceutical company industrial wastewater according
to the scheme “aeration — coagulation — sedimentation — oxidation — filtration”

COD index value. mg/dm3
No. of model solutions
and cleaning effect, % befo'r € aftgr after settling after oxidation . afte?
cleaning aeration filtration
Option with ferrum III sulfate coagulation
1 90 60 12 5 0
Effect, % = 33.3 86.7 94.4 100
2 120 90 25 10 5
Effect, % = 25 79.2 91.7 95.8
Option with aluminium sulfate coagulation
3 90 64 18 7 0
Effect, % = 28.9 80 92.2 100
4 120 87 30 12 5
Effect, % = 27.5 75 90 95.8

Note. The effects of COD index reduction were determined in each purification process with P < 0.05 relative

to the initial COD values before purification.

WS | Ferrum sulfate mmmm 2 Ferrum sulfate = e=@==Effect] — == Effect2
140 - 100
90
120
30
100 2
60

COD, mg/dm’
(=]
[=3

LA
(=]
Effect, %

e 40
40 1 30
20
20 -
10
0 - =] 0
before cleaning after aeration after after after
(control) sedimentation oxidation filtration

Fig. 1. Change in the COD index of a pharmaceutical company industrial wastewater and the effect of

purification by COD in purification by the technology “aeration — coagulation with ferrum III sulfate —
sedimentation — oxidation — filtration”:
effect 1 was determined at a COD value in untreated wastewater of 90 mg/dm?®
in each process relative to this value; effect 2 — at a COD value in untreated
wastewater — 120 mg/dm
* — P <0.05 compared to the control without ferrum sulfate addition
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Fig. 2.Change in the COD index of a pharmaceutical company industrial wastewater and the effect of
purification by COD in purification by the technology “aeration — coagulation with aluminium sulfate —
sedimentation — oxidation — filtration”:
effect 3 was determined at a COD value in untreated wastewater of 90 mg/ dm?in each process relative to this
value; effect 4 — at a COD value in untreated wastewater — 120 mg/dm
* — P <0.05 compared to the control without aluminium sulfate addition
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Fig. 3. Scheme of pharmaceutical company industrial wastewater treatment technology from cefuroxime:
1 — averaging; 2 — coagulation with mineral coagulants; 8 — settling; 4 — oxidation with hydrogen
peroxide; 5 — filtration

The technology includes sequential processes
of physico-chemical wastewater treatment,
namely averaging, coagulation, settling,
oxidation with hydrogen peroxide, and filtration.

Given the uneven drainage of industrial
wastewater from pharmaceutical companies
and fluctuations in pollutants concentrations
during the day, to equalize the quantitative
and qualitative composition of wastewater
when it enters the treatment plant for local

treatment, wastewater averaging is required
which is carried out using an aeration system.
The use of air for wastewater aeration in the
averaging unit allows in the first stage to oxidize
up to 30% of organic substances contained in
industrial wastewater with the help of oxygen.
The next process of wastewater treatment
is coagulation of pollutants with a mineral
coagulant, for example, with ferrum III
sulfate — Fe,(S0,); at a dose of 50—100 mg/dm?
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with alkalization of wastewater with NaOH
solution up to pH 7.0-7.5. It is possible to
use a flocculant, for example, Magnafloc at
a dose of 1-2 mg/dm? to form large flocks
and intensify the process of coagulant flakes
sedimentation. For coagulation, aluminium
sulfate Al,(SO,); can also be used instead
of Fey(SO4)5 in combination with alkali and
flocculant. However, it should be noted that a
more economical option is Fe,(SO,)s.

Due to the large specific surface area of
colloidal particles, they have a significant
surface energy and, consequently, a high
adsorption capacity, due to which the
adsorption of dissolved in wastewater
substances takes place on the surface of the
formed colloidal particles.

The flocculation process application
is based on the mechanism of flocculants
action, which is based on the phenomenon
of flocculant molecules adsorption on the
surface of colloidal particles, formation
of mesh structure of flocculant molecules,
adhesion of colloidal particles due to Van der
Waals forces. Under the action of flocculants,
three-dimensional structures are formed
between colloidal particles, capable of faster
and more complete separation from the liquid
phase.

Flocculation is carried out to intensify
the process of iron hydroxide flakes
formation in order to increase the rate of
their sedimentation. Flocculants usage allows
reducing the coagulants dose and coagulation
process duration, and increasing the rate of the
formed flakes sedimentation.

Thus, when introducing coagulant and
flocculant into industrial wastewater,
due to the processes of coagulation and
flocculation, there is removal of contaminants
from wastewater, which are impurities
of varying degrees of dispersion (fine,
colloidal and molecular-soluble substances)
due to adsorption of these substances on
the highly developed surface of mineral
coagulants flakes which are formed in water
at maintenance of conditions necessary for
coagulation.

To separate the formed flakes with
adsorbed contaminants from water, the
sedimentation process is used. The taken
duration of sedimentation is 1.5 hours. To
increase the efficiency of sedimentation (by
25-30%) and reduce the process duration (up
to 15—20 minutes), you can use a thin-layer
sedimentation tank with inclined shelves of
parallel working tiers of the sedimentation
tank.
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The sludge formed in the sedimentation
tank (10-12% of the wastewater volume) must
be periodically taken away for consolidations.
You can use filter bags to dehydrate the sludge
from the initial humidity of 95.0-99.7% to
the moisture content of the compacted sludge
of 70—-80% for further disposal.

Further, according to the technology
(Fig. 3), wastewater after sedimentation is
directed to the oxidation of contaminants
remaining in wastewater after coagulation,
flocculation and separation of sludge, using
hydrogen peroxide H,0, as oxidant at a dose
of 30-60 mg/dm? for 30 min of wastewater
contact with the oxidant under stirring
conditions to undergo reactions between
hydrogen peroxide and contaminants. The
advantages of hydrogen peroxide usage
compared to other oxidizing reagents are high
oxidation efficiency of organic substances,
absence of residual concentrations of
hydrogen peroxide in treated wastewater
due to its decomposition, stability of salt
content of treated wastewater, and the course
of reactions without toxic intermediates
formation.

The final process in the technology is the
process of wastewater filtration, for example,
through sand filtration loading. Due to
filtration, fine impurities are removed from
wastewater, which are carried away by the
water flow after the sedimentation stage: small
flakes of coagulant and colloidal substances
that are retained on the surface of the grains of
the filter loading due to the action of adhesion
forces, mutual colloids coagulation, and
adsorption on the loading surface.

Conclusions

Wastewater treated using the developed
technology can be discharged into the urban
drainage system and will not interfere with the
operation of municipal treatment facilities.

1. On the basis of experimental research
on wastewater treatment of pharmaceutical
companies from antibiotics and related
substances the local treatment technology
has been developed, which is based on the
consistent use of physico-chemical treatment
methods, can be used for local treatment
of these wastewater and for antibiotics and
related substances removal from wastewater in
accordance with the requirements of normative
documents, and disposal of treated wastewater
to the urban sewerage system.

2. The performed experimental researches
allowed establishing the rational parameters
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of technological processes of pharmaceutical
enterprises wastewater treatment from
antibiotics and related substances and
recommending the offered technical solutions
for introduction at the enterprises of
pharmaceutical branch.

3. The developed technology of local
wastewater treatment from antibiotics and
related substances application by pharmaceutical
companies will significantly reduce the risk of
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E®EKRTHUBHA TEXHOJIOI'TA
JJORAJBHOI'O OYNIEHHA CTITYHUX
BOJ ®PAPMAIIEBTHUYHUX
HNIAITPUEMCTB BIJJ AHTUBIOTURIB

JI. A. Cabuaiit, B. C. JKyxosa

HamionanbHuii TexHiYHNE YHiBepcuTeT Y KpaiHu
«KuiBcbKuii mosiTexHivHM iHCTUTYT iMeHi
Iropsa CikopcbKoro»

E-mail: veronika_vv@ukr.net

MeTor0 poboTu 6yJI0 ZOCIIiAUTH IIPOIECH OUM-
MIeHHA BUPOOHUYMX CTIiYHUX BOJ (papMaleBTHUY-
HOT'0O HiAIPHUEMCTBA Ta 3alIPOMOHYBATH e(PeKTUB-
HY TEXHOJIOTiI0 JIOKAJbHOTO OUUINEHHS TAKUX
CTiYHMX BOJ BiAIIOBiAHO A0 BUMOT HOPMaTUBHUX
JTOKYMEHTiB ITTOJI0 CKUJAHHSA OUUINEHUX CTIUHUX
BOJI Y CICTEMY BOJOBiJBeIeHHA MicTa.

s mocaigsxeHHs 6yJI0 BUKOPUCTAHO MO/EJIb-
Hi po3unHu IepypokcuMy — aHTUOiOTUKA Ieda-
JIOCIIOPMHOBOTO PAAY, V AUCTUJIHOBAHIN BOA1 3 KOH-
meHTparrieo 25i 35 mr/ aM3. XimiuHe CIIOKMBAHHS
KIUCHIO MOJIEJIbHUX PO3UYMHIB, CTAHOBUJIO, Bigmo-
Bimmo, 901120 MI‘/,/IMg. XCK BusHauaJu 3a 6ixpo-
maTHUM MeTozxoMm (3riguo 3 KHIL 211.1.4.021-95.
«MeTonuKa BUSHAUEHHSA XiMi4YHOTO CIOKMBAHHS
kucHO (XCK) B TOBEepXHEBUX i CTIUHUX BOZAX» ).

Edexr sHmxenna noxkasauka XCK npu koa-
TyJIALII i BiCTOIOBaHHI CTIYHIX BOJ Y BUIIAJIKY BU-
KopucTaHHs cyabdary s3amisa III cranosus 79,2% i
75% , 110 Buinie Ha 4,2—6,7% Hi¥K Ipy 3acTOCYBaHHSA
cyJsb(para aaoMiHito. BcraHOBIEHO 3MiHY TTOKa3HUKA
XCK criuHux BoZ (hapMIIiAIIPIEMCTBA 32 eTallaMu X
OUMITIEHHA: «aepallisa — KoaryJadalid cyJibdaTom 3a-
gisa III — BifcTOIOBAaHHA — OKUCHEHHA — (PLIBTPY-
BauHs» . [licaa ginbTpaliii epeKT SHUIKEHHS IIOKAa3-
auka XCK cranosus 95,8—-100 % mpu moyaTKOBUX
saauverusa 120 i 90 MI‘/J_'[M3 BigmosigHo. Po3pobiierno
TEXHOJIOTiIO JIOKAJIHHOT'O OUMIITEHHS CTIiUYHUX BOJ, Bif
aHTHOIOTUKIB, AKA I'PYHTYETHCA HA IIOCJIiJOBHOMY
BUKOPUCTaHHI (hi3MKO-XiMiUYHUX METO/iB OUUITIEHHSA
Ta J03BOJISIE BUNAIUTHY i3 CTIUHMX BOJ AHTUOIOTUKH
i cynyTHi iM peYoBMHM 0 BUMOT HOPMATUBHUX JI0-
KYMEHTIB Ta Bi/IBECTY OUMIIEH] CTiUHi BOAY B MiCbKY
CUCTEMY BOJIOBiIBEIEHHA.

3acTrocyBaHH:A (hapMAaTeBTUIHIMU ITiIITPUEMCTBA-
MU PO3POOJIEHOI TEXHOJIOTIT JIOKAJIBHOTO OUUIIIEHHA
CTiUHMX BOJ Bil aHTMOIOTUKIB Ta CYyITyTHIX iM peuoBUH
pusBee A0 3a0e3MeUeHHsT BUMOT CKUTY BUPOOHUYNX
CTIiUHMX BOJZl Y MICBbKY CHUCTEMY BOIOBiIBEeIEHHS, 0
CYTTEBOTO SHIKEHHA HEOE3IeK! BILIUBY aHTHUOI0TH-
KiB Ha MiKpOOPraHi3Mu aKTUBHOTO MYJIy 6i0I0TiUHIX
OYMCHUX CIIOPY], MiCTa, 10 3MEHIIIeHHS eKCILTyaTalli-
WHUX BUTPAT HA JOCATHEHHS IPAHUYHO-TOITYCTAMUX
CKUJIiB CTiUHUX BOJ| Y IIPUPOIHY BOIOIMY.

Knawwoei cnosea: antubioTuru, cTiu"i BOAH,
OYMCTKAa, (hbapMalleBTUYHI IIiJIPUEMCTBA.
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IDPPDPEKTUBHAA TEXHOJOT'UA
JIOKAJIBHOY OYUCTKHA CTOYHBIX BOJT
®APMAIEBTUYECKUX ITPEAIIPUATHN

OT AHTUBHOTHUKOB

JI. A. Cabaruii, B. C. JRyrxosa

HamnnonanbHBIN TEXHUYECKUIT YHUBEPCUTET
VYrpaunbl « KueBcKuit mosiuTexHUYEeCKuit
uHCTUTYT uMeHu rops CUKOPCKOTO»

E-mail: veronika_vv@ukr.net

ITesnso paboThI OBLIO MCCIENOBAHNE IIPOIIECCOB
OUMCTKY IIPOU3BOACTBEHHBIX CTOUHBIX BOJ (hapMa-
IEBTUYECKOr0 IPEeAIPUATAS U IPeIIosKeHne a@-
(eKTUBHOI TeXHOJOTUH JIOKAJIBLHON OUMCTKU Ta-
KUX CTOYHBIX BOJ B COOTBETCTBUY C TPEOOBAHUAMU
HOPMATUBHBIX TOKYMEHTOB IT0 COPOCY OUMIITEHHBIX
CTOYHBIX BOJ[ B CUCTEMY BOJIOOTBEIEHUS I'OPOA.

Jist uiccremoBaHMs ObLIY HCIIOJIb30BAHBI MOJIEJIb-
HbIE PACTBODHI ITehypoKCcUMa - aHTUOMOTHKA 1eda-
JIOCIIOPMHOBOTO PAZA, B JUCTUJIIMPOBAHHOM BOJE C
KoHIleHTparen 25 u 35 mr /,uM3. XuMuuecKoe morpe-
GJIeHMe KUCJIOPOIa MOIEIbHBIX PACTBOPOB COCTABJISLIO
90 u 120 mr/am°, coorBercTBerHO. XIIK ompenessin
1o 6uxpomaTtHOoMy Meroxy (o KHJIT 211.1.4.021-95.
«MeToauKa ompefeieHnsA XUMUUECKOro morpeob.ie-
HuA kucaopoa (XITK) B HoOBepXHOCTHBIX 1 CTOYHBIX
BOZAX»).

AddeKrT cumKeHNUA ToKasaTena XIIK mpu Koa-
TYJISIUYA U OTCTAMBAHUY CTOUYHBIX BOJ[ B CJIyYae WC-
MoJIb30BaHus cyab(dara sxesesa I1I cocrasua 79,2%
u 75% , uro BoIle Ha 4,2—6,7% uvem mpu TpUMeHe-
HUU CyJIb(haTa ATIOMUHUA. ¥ CTAHOBJIEHO N3MEHEHIIEe
nokasaress XIIK cTouHbIX BOA (papMIpPeIIpUSaTHA
110 9TalaM MX OYMCTKH: «asparus — KOaryJIAaius
cyabdarom skesesa III — orcramBanme — OKUCJIe-
Hue — (QunabTpoBanue». Ilocie puabrpanu sddext
cHmxenud rnokasaress XIIK cocrasisan 95,8—-100%
mpu HaYaIbHBIX 3HaueHUA 120 u 90 MI‘/,I[M3 COOT-
BeTCTBEHHO. PaspaboTaHa TeXHOJOTUA JIOKAJIbHOM
OUUCTKM CTOYHBIX BOJ OT aHTUOMOTHUKOB, OCHOBAH-
HOH HAa ITOCJIeIOBATEILHOM HCIIOIb30BAHNY (DU3UKO-
XUMUYECKUX METOI0B OUNCTKY U II03BOJIAET YIAIUTD
M3 CTOUYHBIX BOJ aHTUOMOTUKY U COITyTCTBYIOIIIIIE IM
BeITleCTBa C TPeOOBAHUAMY HOPMATUBHBIX JOKYMEH-
TOB ¥ OTBECTHU OUMUII[EHHBIE CTOYHBIE BOIBI B IOPOJI-
CKYIO CUCTEMY BOJOOTBEIEHUS.

IIpumenenue papMaleBTUYECKUMU IPEAIIPHU-
ATUAMU Pa3zpaboTaHHON TeXHOJOTUU JIOKAJIHHOMN
OUYMCTKY CTOYHBIX BOJ OT AHTUOMOTUKOB U COIYT-
CTBYIOIIUX UM BEIIEeCTB IIPUBEAET K 00eCIIeUueHUIO
TpeboBaHUi cOpoca MPOU3BOACTBEHHBIX CTOUHBIX
BOJ B TOPOJICKYIO CUCTEMY BOZOOTBENEHUA, K CY-
IIIECTBEHHOMY CHUKEHUIO OIIACHOCTH BO3IeCTBUS
aHTUOMOTUKOB Ha MUKPOOPTAHU3MbI aKTUBHOTO
mnJia GMOJIOTUYECKUX OUMCTHBIX COOPYKEHUIT Topo-
Ia, K YMEHBIIIEHUIO SKCILTyaTAI[MOHHBIX PACX0/I0B
Ha JOCTUIKEHNEe I'PAHUYHO-IOIYCTUMBIX COPOCOB
CTOUYHBIX BOJl B €CT€CTBEHHBII BOJOEM.

Knrwuesvte cnosa: aHTUONOTHUKY, CTOUHBIE BOJEI,
OUNCTKAa, (papMalleBTUUeCKre IPeqIPUuATHA.



