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Introduction

Kuchmistov, V. A., Koziko, N. 0., Kuchmistova, O. F., Shmatenko, O. P., Tarasenko, V. O., & Drozdova, A. O.
(2018). Theoretical and experimental substantiation of a fungal therapeutic drug with immunomodulating and
antitumor action according to the authors’ prescription. Regulatory Mechanisms in Biosystems, 9(1), 3—10.
doi: 10.15421/021801

The article is devoted to a promising direction in pharmacological mycology and biotechnology, namely the use of
Basidiomycetes as a biologically active substance for preparation of pharmaceuticals. The anticancer and immuno-
stimulating properties of Basidiomycetes result from the structural characteristics of the polysaccharides: the presence
of B-(1 — 3) connections in the main chain and an additional B-(1 — 6) branched part of glucans. Attention is focused
on Shiitake mushrooms (Lentinula edodes) as a unique biosystem with a strong ability to be involved in the regulatory
mechanism of human immunomodulation. The purpose of the theoretical and experimental study is development of a
pharmaceutical preparation from Shiitake biomass (including its immune cells), the effectiveness of which is considered
from the standpoint of the chemistry of natural compounds. Having a 3000-year history of cultivation and application,
this mushroom 1is again of interest to scientists around the world because of investigation into its therapeutic and
prophylactic potentials. For the first time, the biotechnological method of cultivating L. edodes biomass was developed
with the use of deep cultivation, adapted to the plant raw material base of Ukraine. Malt wort was used as a nutrient
medium without processing Humulus lupulus. The analysis of research and preclinical studies of specific activity of the
designated biosystem showed a steady increase in human immune status, particularly the antitumor status. This gives
special relevance to the evaluation of the properties of the designated biosystem in order to further develop the
corresponding fungo-therapeutic immunomodulatory and antitumor drug. According to the results of technological
research: physico-chemical characteristics of Shiitake biomass dry powder (including crystallographic) were studied;
the possibility of its tableting using only antifriction auxiliaries was substantiated; the optimum technology of tablet
manufacturing with an operating name "Shitavit" was presented, an integrated approach to its creation was presented,
the qualitative and quantitative composition of the drug was experimentally developed. The direct compression method
was rejected due to unsatisfactory performance of all samples of tablets. The chosen technology of using preliminary
granulation and the possibility of short-term contact of the L. edodes dry powder with a granulation liquid and an
adjustable temperature regime allows all the properties of the biologically active substances of the designated raw
material to be preserved. The research results for all series of the designated object showed relative stability of
parameters for all indicators in laboratory samples. The information presented in this article is a guide to further
research, necessary for a better understanding of the healing properties of fungal polysaccharides, increasing the use of
broad-spectrum fungi-based preparations,leading to improvement of the quality of human life.

Keywords: Shiitake fungus; Lentinula edodes; tablets; immune resistance; antitumor effect

effect of fungi-based preparations and Basidiomycetes in particular.
In general, more than 2,000 species of edible and/or medicinal fungi

Enhancement of immunity to certain diseases remains one of the
major problems of modern medicine. Analysing various literature refe-
rences regarding therapy of such diseases, it is worth mentioning that
typically heath-related conditions are not the only factor, but also a
complex of simultaneous processes and general overall vulnerability.
Clinical settings require combined therapy, thus the purpose of the phar-
macotherapy of immunological diseases is to effect different compo-
nents of the immune system (Shah et al., 2011; Xu et al., 2014). Attenti-
on is being increasingly dedicated to the examination of the biological

have been identified , many of which are widely consumed, stimulating
much research on their health-promoting properties (Friedman, 2016).
In the last decades the therapeutic properties of fungus in naturally
produced pharmaceuticals have been the center of intensive research
(Puchkova & Shcherba, 2006; Rao et al., 2009; Ganeshpurkar et al.,
2010; Ren et al., 2012; Mizuno & Nishitani, 2013; Giavasis, 2014;
Meng et al., 2016; Zhang et al., 2016).

Accelerated progress in mushroom growing in many countries
(Japan, China, South Korea, USA, Canada, and France) within the last
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3040 years is based on modern biotechnologies (Meng et al., 2016).
This equates to control of the most important natural functions of
fungus and obtaining of large crops of fungi kames as a valuable
material to obtain broad-spectrum pharmaceutical substances. Global
manufacturing of cultivated fungi-based pharmaceuticals brings in a
revenue of $1.2 billion annually (Welbaum, 2015; Krasnopol'skaya
etal., 2016). The need to develop similar pharmaceuticals in Ukraine is
unquestioned not only from the perspective of clinical implementation
but also in terms of the possibility of mainstream use with the purpose
of immunodeficiency treatment.

One of five most common edible fungi in the world is Shiitake
(Lentinula edodes, Pleurotaceae), the natural distribution of which
includes the warm and humid climate zones of Southeast Asia. Shiitake
fungus leads by volume in fungus cultivation worldwide, and the global
production of Shiitake fungal mycelium since the beginning of the 21st
century has increased to approximately 800 thousand tonnes annually
(Babickaya et al., 2009; Meng, 2016). Only champignon fungus (4gari-
cus bisporus) production volumes can be compared with production of
Shiitake (Taufiqur, 2012).

Currently, more than %; of the global Shiitake production is based
on extensive rearing, where the fungus is bedded on the freshly-cut
deciduous trees stumps (e.g. Chinkapin (Castanopsis), oak, maple tree,
hombeam, poplar, alder, mulberry, etc.) The experiential interest
consists in the submerged cultivation methods of Shiitake fungus
(Puchkova & Shcherba, 2006; Hearst et al., 2009; Pashev et al., 2009;
Zhang et al., 2016). Its advantages include the possibility of growing
fungus during the whole year; stable high yield by virtue of creating
optimal conditions for obtaining the biomass; usage of a wide range of
cellulose herbal substrate and lignin-containing agricultural and
industrial wastes; short production cycle (8—10 weeks); automation and
mechanisation of the technological process. The submerged cultivation
is aimed at obtaining a considerable amount of the good quality seed
grain at the transfer from industrial production of fungus kames to the
production of the biomass with its further processing into biologically
active substances (BAS), pharmaceuticals and separate chemicals
desorbing.

Shiitake is considered a medicinal fungus in some forms of conven-
tional medicine. Over the past decade its mineral vitaminous and amino
acid profile has been discovered, which defines its high biological va-
lue; enhancement of energy metabolism of the human body, emotional
lability, hypermnesia, a decrease of chronic fatigue syndrome, improve-
ment of CNS activity and the cardiovascular system, improvement of
immune status, etc. (Malitikov, 2013; Friedman, 2016) (Table 1).

Table 1
Complete mineral-vitamin formula of L. edodes

54.3 g Carbohydrate; 22.25 g Protein; 19.0 g Water; 2.5g Fiber;
0.75g Leach; 0.5 g Lipid; 0217 g Vitamin B, (Riboflavin);
304.0mg Potassium; 230.0 mg Mangan; 142.0 mg Cuprum;
112.0mg Phosphorus; 20.0 mg Magnesium; 9.0 mg Sodium;

In 4.0 mg Vitamin B; (Niacin, Nicotinic acid or Vitamin PP); 2.0 mg

calculation Calcium; 1.5mg Vitamin Bs (Pantothenic acid); 1.03 mg Zinc;

t01000g 041 mg Ferrum; 0293 mg Vitamin By (Pyridoxine); 0.10 mg
Copper; 0.015 mg Vitamin B, (Thiamine); 325.0 mcg Vitamin A
(Acerophotol); 230.0 meg Manganese; 13.0 meg Vitamin By; (Folic
acid); 5.7 meg Selenium; 4.15 meg Vitamin By, (Cyanocobalamin);
0.4 mcg Vitamins of group D (Cholecalciferol, Ergocalciferol)

A proteinous strand of this fungus includes, inter alia, a complete
set of all 22 essential amino acids, which is an exceptional property in
any product (Sreenivasan et al., 2010). According to other sources,
using the method of ion-column chromatography, 19 amino acids were
found in dry powder of Shiitake fungus biomass (including 7 indispen-
sable amino acids: Lysine, Threonine, Valine, Methionine, Leucine,
Phenylalanyl), using the method of atomic emission and atomic adsorp-
tion analysis with flame atomisation — 8 micro- and macro elements
(Sodium, Potassium, Calcium, Magnesium, Zinc, Ferrum, Mangan,
Cuprum) were found (Pashev et al., 2010; Drori et al., 2016; Friedman,
2016). The examined object is richer in amino acid content than soy,
beans, and com. In particular, the immunomodulatory, antitumoral and
antiviral activity of Shiitake fungus is of major interest in the XXIst

century, taking into account that humanity still has no effective medi-
cine to control certain widespread diseases. Among medicinal fungi
with antineoplastic activity, L. edodes is the leader according to its
immunomodulatory properties and surpasses Reishi fungus (Ganoder-
ma lucidum) (Mizuno, 1997; Puchkova & Shcherba, 2006; Hearst et al.,
2009; Taufigur, 2012).

Tetsuro Ikekawa (Japan) defined the chemical structure of immu-
nomodulatory 1,6-b-complex of Shiitake kames that are extracted with
hot water back in 1969 (Mizuno & Nishitani, 2013). The next decade
was dedicated to intensive research on the immunomodulatory activity
of touchwood constituents and pure grown fungus of different systemic
groups. Research findings on such immuno-amplifiers extracted from
Basidiomycetes as lentinan, schizophyllan, krestin, also glucans and
mannans of certain types of ascomycetes have been regularly presented,
starting from the 1st International Conference on Immuno-
pharmacology (1980, Brighton, UK), International Symposium on Im-
munomodulators of Microbial Origin (1981, Osaka, Japan), Microbio-
logists’ Association Congress (1982, Budapest, Hungary), and at the
2nd International Conference on Immunopharmacology (1982, Wa-
shington, USA) there were numerous submissions on research into
some immunostimulants of Basidiomycetes (lentinan, schizophylilan,
Krestyn), glucans and mannans, from some types of fungi from the
phylum Ascomycota. Scientists arrived at the conclusion that all immu-
no-amplifiers are polysaccharides, regardless of the primary structure
and impact particularities (Minato & Mizuno, 2001; Bisen et al., 2010;
Ren et al., 2012). Research in this direction continues to be intensively
conducted (Jones, 1995; Feofilova, 2004; Rao et al., 2009; Pashev et al.,
2010; Shen et al, 2011; Drori et al, 2016; Zhang etal., 2016).
Currently, Shiitake is considered to the most extensively studied medi-
cinal fungus (Welbaum, 2015).

The widespread use of polysaccharides is based on the flexibility of
its effect on the immune system as an immunomodulation factor.
The general epiphylaxis derives from the direct effect of immu-
nomodulators on maturation, proliferation, and differentiation of immu-
nocytes responsible for humoral and cellular self-protection factors.
This permits the use of pharma drugs made of higher basidiomycetes in
immuno-correcting therapy (Jones, 1995; Feofilova, 2004; Minato &
Mizuno, 2001; II'inskikh, 2012; Meng et al., 2016).

L. edodes contains a lentinan polysaccharide complex (Lentinan)
unique, in its nature, which has no equal in the plant kingdom (Fried-
man, 2016) (Fig. 1).

"o o o ot
T i e e &
o °\m°}\m°\/N°\/Nv

ok o+ ok oH oK
- Fig. 1. Basic structure of Lentinan, isolated from the Shiitake fungus

The specified substance stimulates the antineoplastic activity of the
immune system, which relies on the ability to increase the generation of
perforin polymer protein, attack atypical cells and destroy them, at the
same time potentiate the increase of the quantity of natural killer cells
(NK-cells), T-lymphocytes fractions (cytotoxic T-cell and T-helpers), as
well as cachectin of benign (myoma, fibroma, mastopathy, prostatic
hyperplasia) and malignant neoplasms (cancer, sarcoma, lymphoma,
melanoma) (Shah et al., 2011). In vitro test results show that depending
on the concentration of lentinan, the double increase of r-interferon level
in leukocytes occurs, and interferon increases double to fourfold in
relation to control (Lindequist et al., 2005; Puchkova & Shcherba, 2006).

High concentration of natural antioxidants sustains radio protective
properties, which help to offset the impact of free radicals, which are
able to turn normal cells into nosogenic. First, it is L-ergothioneine
(a powerful antioxidant) — in its quantitative content, Shiitake fungus is
unrivalled (Jones, 1995). Later, scientists were able to isolate an extract
from the spawn of this fungus (L. edodes mycelium extract, LEM),
which also showed outstanding results in therapy of oncological
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diseases (Sreenivasan et al., 2010; Xu et al., 2014). The foregoing
demonstrates the uniqueness of the selected research target, the
effectiveness of which is considered from the standpoint of the
chemistry of natural products.

Consequently, taking to account the importance of preventive
health care of the population in Ukraine, the matter of obtaining valu-
able bioproducts and adaptogens is a priority and requires a practical
prompt solution. Therefore, the analysis and consolidation of literature
data with regard to the modem aspects of the use of the medicinal
fungus, L. edodes, and, in particular, the technology and formulation
development of medication products based on it is a challenging issue.

Materials and methods

Research target — Shiitake fungi biomass dry powder.

Topics examined:

— physiochemical characteristic of the biologically active excipient —
L. edodes dry powder (crystallographic indicants), the practicability of
the possible tabletting of the target;

— evaluation of technological properties of tableting blend on the
mentioned vehicle (flowability, compression, tapped density, moisture
content);

— in-depth study of the possibility of granulation and compression
(main phases of tableting process), selected tableting process validation
under codename “Shytavit™;

— examination of certain of the tablets’ quality attributes
(disintegration and solubility, hardness and friability tests) according to
modern requirements.

For the purpose of finding solutions to the abovementioned tasks,
standard research methods, stipulated in test assessment reference: State
Pharmacopoeia of Ukraine (SFU) which is brought up with European
Pharmacopoeia (Ph. Eur.) in terms of pharmaceuticals production, were
used (Ph. Eur., 2014; Hryzodub et al., 2015).

Crystallographic core data of the research target’s parts was eva-
luated by way of light-optical microscopy method with the use of tar-
get’s visual analysis.

Crystallinity was investigated with an electron microscope MBI-15
(200x magnification), which gave an opportunity to distinguish the
shape and the surface of crystals, as well as particles, average linear
dimensions according to procedures developed by the State Scientific
Pharmaceuticals Centre (Kyiv, Ukraine). The image was displayed on
computer monitor from the microscope via Sony CCD-IRIS camera
(Pashev et al., 2009).

For specific particles on photographs, a corresponding regular
geometric shape was adjusted and dimensions (length and width) were
measured considering the zoom. Form factor indicant, which provides a
possibility to outline the isometric level of the powder, it was defined as
a ratio of particles’ average width (W, mum) to the particles’ average
length (L, mum), using formula (1):

W
TL )

It has been established that K > 0.5 (up to 1) for isometric particles
and K <0.5 for anisometric particles.

Flowability is one of the most important parameters which impacts
technological processes of processing of loose materials, starting from
the transporting process to the production of the end formulation
(according to divisions 2.9.16. 2.9.36 of SFU, Hryzodub et al., 2015).
The definition was conducted using a standard vibratory device, model
VP-12-A  manufactured at Plant of Production Manufacturing
Machinery (Mariupol, Ukraine), after bumping down for 20 s.
Flowability measure (V,, kg/s) was defined as a ratio of sample weight
(m, kg) to the full duration of test run (t, s), using formula (2):

m
= a0 @)

Direct compression lines the aptitude of the powder to create stable
structural systems as a result of particles’ attraction under pressure. For
determination of dispensing 0.3 g was pressed in a pill 9 mm in
diameter using a hydraulic press with 120 MPa compacting pressure.
After pressing out, the pill was pushed out from matrix with lower

punch and the hardness index was determined (n, N) by the ratio of
crushing load (P, Pa) to the basic tablets’ parameters: its height (h, mm)
and diameter (d, mm), using fo}r)mula 3):

n=

dxh ©)]

Bulk density (mass) is the characteristics of the powder which
reflects heaping of its particles thus outlining the powder’s aptness to fill
the unit of volume, which depends on unit weight and dispersity, form
and powder particles’ surface texture (according to divisions 2.9.15,
2.9.34 of SFU, Hryzodub et al., 2015).

For determination of exact dispensing of the powder it (approx. 10 g)
was placed in a graduated glass cylinder, fixed on 545-AK-3 apparatus
manufactured by Plant of Production Manufacturing Machinery (Ma-
riupol, Ukraine). Incremental mechanism lifted the cylinder with pow-
der up to a certain height, from which the cylinder swooped down,
hitting into a special device, afterwards was lifted up again to the upper
level. By virtue of numerous impulses over the board, powder
compaction took place. The vibration amplitude — 3540 mm, impact
frequency — 150 imp./min. After settling the constant powder level in,
the tapped density (P, kg/m’) was calculated by ratio of cylinder mass,
filled with powder (P, + n, kg) and empty cylinder (n, kg) to the
cylinder volume after succession (V, m3), using formula (4):

_ (B +nl—n
B v “4)

Testing allowed us to determine using specified criteria, the bulk
density and tapped density of the material, which consists of solid
particles (powders) to compaction, aptness of material to compaction, as
well as its volume and density after compaction (Hryzodub et al., 2015).

Tablets’ test was conducted according to modem requirements
(according to division 2.9.3 of SFU, Hryzodub et al., 2015).

Tablets’ disintegration was conducted from the weighted amount
0.5 g according to SFU using the sieve with 2.0 and 0.5 mm meshes.
However , when performing “Dissolve” test Pharmacopeia does not
require the obligatory “Disintegration” test (Hryzodub et al., 2015).

Determination of hardness was conducted using TVT of “Erweka”
apparatus (Germany) according to modern requirements (according to
division 2.9.8 of SFU, Hryzodub et al., 2015).

Determination of friability was conducted using TAP “Erweka”
tester on 25 rmp for 5 min (2.9.7, Hryzodub et al., 2015). 20 pre-
weighted tablets were loaded into the drum. Friability index (C, %) was
determined by ratio of difference between tablets’ mass before abrasion
(P, g) and after abrasion (Pk, g) to tablets” weight value before abrasion
(P, g), using formula (5):

-F,

P
= = 100%

®

The granules’ moisture content was determined as loss on drying.

The determination was conducted using type UV-1 express-moisture

meter. Sample moisture content (X, %) was calculated as the ratio of the

difference between the weight of the sample for testing (P,, mg) and the

sample’s constant weight after complete desiccation (P, mg) to the
index of the sample for testing (P,, mg), using formula (6):

X="—— x100%

B 6)
The research was conducted in 5 laboratory samples by the
methods described above. The data in the tables is given in the form x +
m, where x is the average value of the indicator, m is the reliable
interval at the level P<0,05; the results obtained were considered
statistically significant (Gubler & Genkin, 1973; Mincer et al., 1991;
Pashev et al., 2009). We used an ANOVA, the basic principles of which
are developed in the scientific papers Lapach (2002), Kobzar' (2006).
Authors of this article analysed selected monographs and research
methods on powdered and tableted substances, which are presented in

Ph. Eur. 8.8 (2014).

Results

A biotechnological method for obtaining biomass of basidial fungi
(Basidiomycetes) used both as a biologically active substance and as

Regul. Mech. Biosyst., 9(1) 5



further development of broad-spectrum pharmaceuticals was developed
for the first time. A deep cultivation method, adapted to the raw plant
material base of Ukraine, was used. Malt wort without hops (Humulus
lupulus, Cannabaceae) was used as a nutrient medium — a product of
soaked and germinated seeds of cereal cultures preheated at a certain
temperature, which contributed to the enzymatic destruction of starch in
the malt seed and the formation of sugar, mainly maltose. Preclinical
studies of specific activity showed a steady increase in human immune
status. This confirmed the feasibility of evaluating the properties of the
specified biosystem and possible further development of an appropriate
fungal therapeutic drug with immunomodulatory and antitumor action.
For the purpose of balanced formula development and industrial
technology of a new local tabloid form medicated product codenamed
“Shytavit”, it was necessary to define and substantiate the sequence of
in-process production stages and its pivotal points. This task was
completed based on experimental research, conducted using the above
mentioned methods. It is commonly known that the production of pills

starts with research on the parent’s drug properties, which considerably
preordain tableting short-cut, selection of available auxiliary substances,
which induces the necessary quality of the mentioned formulated pro-
duct (Dmitrievskij, 2008). Each of factors mentioned above has its
certain effect on the pharmacologically active substance. Bulk material
in the form of powder-like forms (particle size up to 0.2 mm) or granu-
lar (correspondingly 0.1-3.0 mm) is used as the output raw material.
They have certain physical, chemical, structural-mechanical and techno-
logical properties. In particular, technological properties include flowa-
bility, ability to compress, tapped density (mass), fractional (granulomet-
ric) composition, moisture content, dispersion, etc. (Gladuh et al., 2016).

At the initial research phase, physicochemical properties of the
primary biologically active substance were explored: Shiitake fungi dry
powder, its dispersity degree was determined using the sieve method. It
is known that the abovementioned properties of the pharmaceutical
powder are induced by its crystallographic structure, that is why the
shape of L. edodes particles was determined first (Fig. 2).

Fig. 2. Microcrystalline structure of L. edodes: the image of the object was obtained using MBI-15 electronic microscope (with 200" magnification)
and captured by the camera Sony CCD-IRIS; staining of the fungus biomass samples (in particular, using Lugol’ solution) was not performed;
in this case, the polysaccharides will react with the micropowder, leading to the change of colour, which is undesirable

Crystallographic analysis of the microcrystalline structure of the
powdered target under 200" magnification showed that it is a medium-
dispersed powder with a cuboidal crystalline form with rough and
coarse particles surface.

Analysis of the fraction composition of various substances series
shows the powder’s cryptocrystalline structure with the isodiametric
shape of grains (in the form of shapeless lumps), the major portion of
which (>90%) had less than 10 microns (Table 2). Based on the
obtained data, we can assume that due to the fact that Shiitake fungi
biomass dry powder has an isodiametric particles structure, it may have
a good flowability. However, to confirm this assumption it was
necessary to research its technological characteristics (Pashev et al.,
2010). The results of technological characteristics research on all 5
samples of the presented target showed relative stability of all test
parameters in laboratory samples.

Table 2
Fractional composition study results of dry powder biomass batches
of Shiitake fungus taken as main biologically active substance

Particles mass percentage, %

Series umber — 5 0um  <l0pm  <5pm <lpm
Series 1 1 8 17 58 16
Series 2 1 9 18 S5 17
Series 3 4 9 21 51 15
Series 4 4 12 18 52 14
Series 5 5 5 24 48 18
Average value 2.5 8.6 19.6 52.8 16.0

purpose of improvement of the technological parameters of Shiitake
fungi biomass dry powder, the following excipients were used: Potato
Starch (Solani Amylum), Aerosil (Silica) and Magnesium stearate
(Magnesii stearas). At the mixing stage for tableting, the following
technological characteristics were evaluated: flowability, compression
capability, and tapped density (Table 3).

Table 3
Results of technological characteristics
of the Shiitake fungus biomass samples for tableting

In the second stage of the research, we tried certain excipients and
assessed technological characteristics of Shiitake fungus biomass for the
purpose of its possible tableting (Gladuh et al., 2016; Rybachuk et al.,
2016). Scientifically proven selection of excipients in each particular
case is one of the key factors in obtaining tabloids with maximum
therapeutic activity and minimal adverse drug reaction. With the

Mixture  Proportionof Flowability, —Direct comp- Tapped
composition ingredient, % kg/s ression N, H _density, keg/m’
1 DPSF’ 80 2.81+0.14 62.0+£32 048+0.04
Starch 20 ) ) T ) )
DPSF 80
2 Starch 19 315+0.10  59.0+25  044+0.02
Aerosil 1
DPSF 80
Starch 16
3 Aerosil 1 361+020  541+25  046+0.02
Magnesium 3
Stearate
DPSF 85
Starch 11
4 Aerosil 1 351+0.17  51.0+£26  052+0.02
Magnesium 3
Stearate
DPSF 85
Starch 10
5 Aerosil 2 340+0.16  49.1+23  057+0.04
Magnesium 3
Stearate

Notes: * — DPSF — Shiitake fimgi biomass dry powder, ** — the number of measu-
rements n= 5, P =95%, *** —system international units of measurement were used.
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During the third stage we conducted a selection of a possible
method of Shiitake fungi biomass dry powder tableting, in particular,
we analysed the practicability of conducting a direct compression or the
necessity of applying pre-granulation. The results of tablets’ direct

compression impact and their quality are shown in Table 4. During the
fourth stage, a tailored composition of tablets was defined under the
codename “Shytavit”, the external characteristics of which would
ultimately meet the compendial requirements (Table 5).

Table 4
Results of qualitative indicators of tablets obtained by direct compression
Index Mixture | Mixture 2 Mixture 3 Mixture 4 Mixture 5

Weight variation, % 8.0+0.40 84+0.40 8.3+0.50 79+040 82+0.50
Disintegration time, min 49+0.30 5.1+£0.30 50+0.20 52+0.30 53+040
Abrasion, % 16.0+0.30 15.5+£0.07 15.0+£040 14.0+0.30 15.0+040
Notes: the number of measurements n = 5.
Table 5
Results of qualitative and quantitative composition of raw materials for further tableting

Ingredients’ Weight Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
DPSF, g 0.5000 0.5000 0.5000 0.5000 0.5000
Aerosil, g 0.0150 0.0150 0.0150 0.0150 0.0150
Starch, g 0.0800 0.1690 0.0567 0.0275 0.0716
Purified water, g - 0.2300 - - -
Starch solution, 5%, ml - 0.2510 - - 0.1880
Starch solution, 10%, ml — - 0.2630 - -
Starch solution, 20%, ml - - - 0.2830 -
Magnesium Stearate, g 0.0050 0.0050 0.0050 0.0050 0.0050

Notes: the number of measurements n = 5; in some cases, not all ingredients were used for mixtures (marked with a dash in the table).

At the final stage of the work, the impact of tableting mass moisture
effect on the compressing process and the tablets’ quality was investiga-
ted (Tables 6, 7). The drying of the tableting mass of Sample 2 was
performed at a constant temperature.

Table 6
Impact of tableting mass moisture effect
on compressing process and tablets’ quality

Granules  Granules  Tablets Tablets Characteristics
moisture  flowability, hardness, disintegration, of obtained samples

content, % kg/s H min amp
40.0 2.7 35 1.0 Agglutination of tablets
25.0 29 42 1.5 Agglutination of tablets

8.0 32 48 20 Slight agglutination of tablets

Satisfactory appearance of
35 34 60 2.0 {ablets appearance
3.1 4.0 59 2.1 Slight agglutination of tablets
Table 7

Variation of the tablets” samples main quality indicators (n=15)

Attributes Sample 1 Sample2 Sample3 Sample4 Sample 5
Flowability, kg/s 39 34 23 2.0 32
Disintegration, min 13 2.0 35 5.6 1.7
Hardness, H 45.0 62.0 88.0 110.0 51.0
Friability, % 5.0 0.2 03 0.3 4.0

Considering test results, it was established that the quality of tablets
of the provided formulation and the stipulated process technology under
the codename “Shytavit” best meets the compendial requirement .

Discussion

Expanding the range of highly effective medicines for the treatment
of a number of diseases is of paramount importance in the medical care
of the population. The solution to this problem is facilitated by the
search and introduction of new original medicines, the development of
scientifically sound technology for their manufacture, based on the latest
advances in science and technology. Despite a sufficient number of
highly effective modern drugs of synthetic origin, the interest in natural
biosystems is not diminished. The problem of the creation of domesti-
cally produced medicines based on fungus, with a pronounced pharma-
cotherapeutic activity, simple manufacturing technology, which are
non-toxic in comparison with chemical synthesis products used for
immunocorrection therapy, is very relevant for Ukraine. Immune
dysfunctions, autoimmune conditions, cancer diseases are clearly the

leaders among the causes of death both among the Ukrainian population
and on a planetary scale. The Basidiomycetes Shiitake fungus (L. edo-
des) is considered as a unique biological system with a clearly expres-
sed ability to be included in the regulatory mechanism of human immu-
nomodulation. This is confirmed both by literary studies and by our
own research results (Pashnev et al., 2010; Shah et al., 2011; Ren et al.,
2012; Welbaum, 2015; Drori et al., 2016; Krasnopol'skaya et al., 2016).

Today, the pharmaceutical market is gradually beginning to offer a
variety of dosage forms based on biologically active substances, isolated
from this fungus. However, most of them, till now have been the
product of a simple processing of touchwood and spawn (sometimes
together with substrate): extracts, tinctures (water or oil), infusions,
ointments, balms, cognac tincture, vodka tincture or flaxseed oil infu-
sion of Linum usitatissimum), solutions (1 mg/bottle), drops, capsules,
suppositories, powder, syrup, saps. Furthermore, it is a plant product for
many biologically active dietary supplements (Sotnikova, 2001;
Pashnev et al., 2010; Bisen et al., 2010; Taufiqur, 2012; Giavasis, 2014;
Drori et al., 2016; Krasnopol'skaya et al., 2016). For example: “Shiitake
mushroom extract No. 40 in the form of capsules and tablets 0.25 g,
No. 40 (production of Ukraine); “Shiitake mushroom extract No. 80" in
the form of capsules and tablets 025 g No. 80 (Ukraine);
“Immunomax’ represents freeze-dried powder in ampoules and vials of
100 or 200 IU (Finland); “Fungimax” tablets of 0,4 g No. 30 in the
form of capsules, 0.2 g No. 60 or in powder form in bags of 1.0 g
(Russia); “Shiitake” represents tablets with a skin of 0.56 g No 20 and
No. 60 (Russia); “Mushroom triple” (drug fungus Shiitake, Reishi and
Maitake) represents tincture at 250,0 g (Russia); “‘Shiitake Fung Chi” in
the form of capsules, 75 mg No. 60, cream in tubes of 50 mg of powder
in bags No. 30 (Russia), etc. Clear recommendations regarding the use
of these drugs were suggested. For example, the cream “Shiitake Fung-
Chi” is designed for external use in diseases of the joints, oncology (in
cases of metastasis to bone tissue), ulcers and wounds that are difficult
to heal, benign formations on the skin (papillomas, lipomas, warts).

To achieve the goal of this research in the course of theoretical and
experimental study of the mechanism of operation of the polysaccharide
Shiitake fungi complex on the immune system of tissue of the human
large intestine , we reached the conclusion that the most effective is the
usage of a micro powder obtained from the touchwood of Shiitake
fungi, rather than, for example, its extract or an extract from its kames.
According to data from the literature, there is a direct proportion
between the length of glycan in medication and intensity of its effect on
immune cells. On the other hand, molecules in extracts are short.
In those cases when it is necessary to use 1-2 g in conversion to Shii-
take extract to reach the desired effect, only 200 mg of the micro pow-
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der is enough (Malitikov, 2013). Consequently, a medicinal product
based on the said powdered biologically active substance, shows more
apparent therapeutic benefit and is economically more affordable.

In our view, the optimal tableting technologies of Shiitake micro
powder have still not been fully examined. A detailed survey in this
field may contribute to the emergence of highly effective tableted
immunocorrecting drugs for prevention and complex therapy of
immune diseases.

The choice of the dosage form (Tabulettae) relates to a number of
its known advantages (medical pharmaceutical, manufacturing,
operational) and high bioavailability when used orally (per os). This
leads to the increase of worldwide production of tabloids by 10-15%
annually (Gladuh et al., 2016). Occasional studies have been dedicated
to the topic of development of L. edodes based tableted forms. In
particular, according to Feofilova (2004), tablets were produced from
the dry extract of these fungi. Dry concentrate contained sufficiently
high percentage of BAS, including lentinan, the anti-tumour effect of
which depended heavily on the dose. Based on the results of the pre-
clinical studies, the recommended therapeutic dose of the dry Shiitake
extract was 2.0 in one pill, and 24 pills were to be taken daily. The pills
provided were covered with the special soluble (sugar) coating (Feofilo-
va, 2004). Some manufacturers added vitamins, for example, D;
(Cholecalciferol) and C (Ascorbic acid), medicinal herbs like redberry
(Panax schinseng, Araliaceae). The abovementioned studies intended
the development of biologically active substances only, as noted above.
We did not find any publications devoted to the development of tablets
on the basis of Shiitake fungus powder.

Our studies were aimed to the development of a pharmaceutical
drug of pluripotential treatment-and-prophylactic action. Theoretical and
experimental confirmation of the tailored composition and technology
of the tablets codenamed “Shytavit” included the analysis of physico-
chemical and technological properties of the ingredients. The choice of
excipients was determined primarily based on physicochemical and
technological properties of BAS and environmental stability factors.
Biopharmaceutical studies prove that excipients are not form-building
vehicles, but have multiple impacts on the pharmaceutical drug and its
therapeutic effect (Dmitrievskij et al., 2010). In particular, the conditions
for a direct compression of tablet formulation have been investigated,
and the influence of the type and concentration of binders and lubricants
on compressibility and the quality of the tablets obtained have been
previously studied. The optimal concentrations of binders and the force
of tablet compression have been determined (Rybachuk & Rybachuk,
2016). One of the problems of drug manufacturing is how to obtain
satisfactory powder flowability in tableting machine feeders (hoppers,
batchers). Obtained granules or powder have an irregular surface, which
hinders its absorption from the hopper to the matrixing cavity.
Moreover, granules can stick to the walls of the matrix and punches as a
result of adhesion in contact areas of the particles in tablet tooling.
To minimise such adverse effects, fiiction-proof substances, presented
by the glidant and lubricants, are used (Gladuh et al., 2016).

In view of the above, the following excipients (in this case friction
proof substances, lubricants) of the pharmaceutical composition
(tabletting mass) were chosen:

— Aerosil (Silicii dioxydum, Aeroperl) as glidant substance, the
quantity of which cannot exceed 10% of the whole mass;

— Amylum Solani (Potato starch) as glidant and anti-adherent
substance the quantity of which is not regulated by the State
Pharmacopoeia of Ukraine;

— Magnesii stearas as a glidant, lubricant, and anti-adherent
substance, the quantity of which cannot exceed 1% of the whole mass
(Hryzodub et al., 2015).

The quality of the above mentioned is subject to special conditions
stipulated in European Pharmacopoeia, in particular, Aerosil Ph. Eur.
Monograph 0434 ED 6 2.9.2, Magnesii stearas Ph. Eur/E572 Mono-
graph ED 72.6.8,2.6.14 (Ph. Eur., 2014).

Excipients must provide their necessary functional properties under
minimum content with minimal content in the product. In this regard,
empirically, a certain content of each mentioned ingredient was mat-
ched to achieve the optimal technological characteristics of tableting

mass with Shiitake fungi biomass dry power. In our view, Series No.4
has the best ratio of ingredients in tableting mass (Table 2), namely: the
amount of dried and ground biologically-active substance of L. edodes
is 85%, Solani amylum (Potato starch) is 11%, Magnesii stearas (Mag-
nesium stearate) is 3% and Silicii dioxydum (Aerosil, Aeroperl) is 1%.
Such amounts are consistent with the requirements of Pharmacopeia.

Technological development always requires appropriate scientifi-
cally based technological schemes of production. With the development
of biopharmaceutics, more attention is being paid to the technological
aspects of the drug formulation. Choice of tableting method is the
critically important task for L. edodes dry powder based drug techno-
logy development in the form of pills. As the analysis of the literature
showed, research in this direction continues. For example, in the article
by Rybachuk (2016) the technology of manufacturing tablets by direct
compression of natural zeolite is described (Rybachuk & Rybachuk,
2016). Without a doubt, a major pragmatic interest is the production of
directly compressed tablets, as it allows high production efficiency to be
achieved and shortens the time of technological processes through
excluding some technological operations. It is known that the capacity
for direct compression (without granulation) is typical, first of all of the
substances which belong to the cubic system (Dmitrievskij et al., 2010).
The object of our study possesses precisely such characteristics
(medium dispersed powder of cubic crystalline form), as described in
the Results section. Furthermore, powdery substances with the above-
mentioned physicochemical properties are able to be tableted directly
without such auxiliary excipients as Sodium chloride and Potassium
bromide (Gladuh et al., 2016).

However, the quality of all tablet samples, obtained using the
abovementioned method, appeared unsatisfactory (Table 2), namely: (a)
on simple examination we noticed contaminations and the surface of all
tablet samples was not unscored; (b) during the tableting process the
tableting mass of sampled No. 2 and No. 4 stuck to the tablet tooling
and the obtained tablets had irregular edges; (c) obtained tablet samples
did not pass the friability test and mass deviation indicator according to
the requirements of SPU. All of the above-mentioned factors impelled
us to reject the direct extrusion method.

For further study, we proposed a pre-granulation method for
powder compaction and obtaining uniform crystal granules which have
to improve the flowability and the appearance of tablets. Since we are
using BAS as an active substance, we chose the method of wet
granulating, which implies obtainment of granules with the possibility
of short-term contact of L. edodes dry powder with granulating liquid
and adjustable temperature scenario. It is worth mentioning that in the
process of “Shiitake Mushroom Powder” drug production in tablets of
0.4 g, developed by State Chemical-Pharmaceutical Academy (St. Pe-
tersburg, Russia), these medicinal fungi were not cooked/heated at all.
This ensured the preservation of polysaccharides in its native state
(Malitikov, 2013).

We propose a production technology of the medicinal product,
which also allows preservation of all BAS of the provided materials.
More specifically, the granulate was prepared with the pre-sifted pow-
ders of Shiitake, starch, aerosol and magnesium stearate. Purified water,
as well as 5%, 10% and 20% of starch paste, were used as humectants.
The humectant was calculated on the basis that the water is 44 + 1%.
This refers to the fact that if the concentration of the moisturiser is less
than 38%, granulated structure is not observed and at the concentration
0f 46% and more, adhesion of the granulate takes place.

Based on the obtained measured data (Tables 2, 4) the optimal
formulation of the product in tablet form under the codename
“Shytavit” was determined: Shiitake fungi biomass dry powder — 0.4 g,
Aerosil — 0.015 g, Starch — 0.08 g, Magnesium stearate — 0.0005 g per
tablet. The resulting tablets with mentioned qualitative-quantitative
formula complied with pharmacopeia requirements for its terminal
characteristics.

Consequently, with the flowability of 3.4-3.5 kg/s, compression
capacity 51.0 H and tapped density 0,52 kg/m’, the highest accuracy of
the dose delivery was achieved for tablets for feeder units of the
tableting machine (under observance of the Shiitake fungus biomass
storage regulations).
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Obviously, the quality of tablets is significantly affected also by the
granules moisture index, which ensures the necessary flowability of the
powder or tableting mass. Excessive moisture content of the powder
decreases its flowability through forming the adsorbed layer on the
particles. Therefore, the tableting material has to have optimal moisture.
There is a positive correlation between the given moisture of the
tableting mass and its compression capacity. The better the compres-
sibility, the higher the hardness of the tablet. If the compressibility is
low, the tablet will tend to partial or event full collapsibility when
stripping off the tableting machine matrix (Gladuh et al., 2016).

The moisture content of the powders used in tablet production must
be between 3—5% (Dmitrievskij et al., 2008). The tableting mass (3.5%)
moisture content determined by us, also proves that the selected
experimental formulation agents the high quality of tablets (Tables 5, 6).
Analysis of L. edodes processability discovered marginal moisture-
sorptive properties and medium flowability.

The set of studies conducted by us showed that physicochemical
and technological properties of Shiitake fungi biomass dry powder
comply with the requirements for powders which can be tableted using
the pre-granulation method (with the possibility of the short-term
contact of L. edodes dry powder with a liquid for granulation along with
adjustable temperature) without adding auxiliary excipients (Sodium
chloride and Potassium bromide), which shortens the time of the
technological process and lowers the product cost.

With this in mind, Shiitake fungus according to analysis of the
literature is currently the most superpotent innovative plant-based
medication with immunomodulatory effect. Todays scientists are using
the protective properties of L. edodes more often ,combining it with
chemo- and radiation therapy. By dint of such fungi based medicines,
patients even with stage II-II cancer can reach remission from three
months to 10 years (when combined with the traditional cancer
treatment) (Shen et al., 2011; Giavasis, 2014; Meng et al., 2016; Zhang
et al., 2016). In addition, Shiitake remains one of the most biologically
active non-hazardous fungi.

The tabletted Shiitake fungi biomass dry powder based therapeutic
developed by the authors of this article is a highly effective drug, which,
with no doubt will enrich the domestic pharmaceutical market. Even in
the absence of treatment indication (immune dysfunction, including
AIDS, oncology diseases, autoimmune and neurological diseases, eco-
logical allergies, mycotic and virus infections, multiocular sclerosis,
post-infarct and post-apoplectic conditions, vascular diseases, viral
upper respiratory tract infection), it is recommended to take “Shytavit”
tablets twice per year as a preventive measure, in spring and in autumn,
when the human immune system is most vulnerable and requires help
from the outside. It is worth mentioning that “Shytavit” tablets work
well with most nutraceuticals and potentiate the effect of medicinal
herbs. Exceptions are Echinaceae (Asteraceae) and Aconitum napellus
(Ranunculaceae). It is not recommended to combine fungi therapy with
ASA (Aspirin).

The foregoing shows that the dried biomass of L. edodes is a
prospective product for developing pharmaceutical drugs and is capable
of significantly strengthening human immune defences.

Conclusion

Based on examination of the literature , we explored the main
tendencies of pharmacological mycology development, in particular
with regard to Shiitake (L. edodes). We conducted a comparative
assessment of other mushrooms, champignons (4garicus bisporus) and
Lingzhi fungus (Ganoderma lucidum). We consider the evaluation of
technological properties of Shiitake fungi with the purpose of the further
potential development of a convenient immunomodulation medicine
drug to be of current interest.

We researched and presented the relationship between the strong
correlation between the chemical makeup of L. edodes powdered
biomass, as research target, and its pronounced immunomodulation and
antitumor effect with application of modern methods of scientific
analysis. A biotechnological method of Basidionycetes biomass produc-
tion was developed for the first time. The deep cultivation method,

adapted by the authors to Ukraine’s plant resource base, was used.
Preclinical studies confirmed an increase inf patients’ immune status.

The literature review did not found publications on the develop-
ment of tableted drugs using Shiitake fungi powder basis. Previous
researchers focused only on development of nutritional supplements.
One may assume that the authors are the initiators of research in the
abovementioned direction, as the search for the optimal technology for
micropowder tableting of this biosystem was conducted for the first
time.

Based on the research undertaken , we proposed a technology of
tablets under the codename “Shytavit”, as well as a theoretical and
experimental proven integrated approach to its formulation:

— we provided the reasons for preference for the tableted form as
the most optimal in the given case, as well as rationale for tableting;

— we outlined physical and chemical parameters of Shiitake fungi
biomass dry powder as working quality indexes (crystallographic pro-
perty and fractional makeup), which induce the ability for compression;

— based on the technological research findings (flowability — 3.40—
3.51 keg/s, compressibility — 51 H, tapped density — 0,52 kg/m’, moisture
content — 3.5%) we substantiated the possibility of tableting of dried
powder of Shiitake fungus biomass with the use of antiftiction excipient
only;

— the direct compression method was rejected as a result of the
unsatisfactory quality of all tables samples;

— we selected tableting technology with the use of pre-granulation,
with the possibility of short-term contact of the L. edodes dry powder
with granulating liquid and adjustable temperature scenario;

— we determined the optimal qualitative-quantitative formula of the
medicine per tablet (Shiitake fungi biomass dry powder — 0.4 g, Aerosil —
0.015 g, potato starch — 0.08 g, and magnesium stearate — 0.005 g),
which is in full compliance with compendial requirements.

The authors developed a new tableted drug codenamed “Shytavit”
with tablet strength 0.5 g for fungi therapeutic correction of immune
dysfunctions, the production technology of which ensures the presser-
vation of all biologically active properties of the raw material in its
original condition.
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This article presents the results of an experiment on the influence of serotonin-modulating anticonsolidation
protein (SMAP) on the spatial memory formation of juvenile goldfish Carassius auratus (L.) in a maze with food
reinforcement. Three experimental fish groups were formed: (1) intact animals, (2) experimental group (fish injected
ICV with SMAP in 24 h before the beginning of training; 2 pl, 1.5 mg-ml™), (3) active control group (fish injected
ICV with inactivated SMAP). Goldfishes of the experimental group demonstrated the lowest capability for spatial
recognition: the maximum level of performance of the task was on 4th day of the training — 38%, while the values of
this index in fishes of the control and intact groups were 70% and 63% respectively. In general, throughout the
period of the training the average value of task performance was 16% in the SMAP-injected fish (in the control and
intact groups — 42% and 53%, respectively). By using Ds-Na-polyacrylamide gel electrophoresis SMAP composite-
on has been revealed. It was found that it consists of 10-12 protein components, among which four proteins
dominated. They were identified by mass spectrometry MALDI-TOF: spectrin, dihydropyrimidinase-related
protein 2 (DPYL2), tubulin and actin. It has been suggested that the most likely candidate responsible for the
negative effects of SMAP on fish memory formation is DPYL2. It was hypothesized that anticonsolidation effect of
SMAP is caused by the effect of DPYL2 which blocks the growth of axons or its cytostatic activity which leads to
disorders in formation of new neurons in the brain as a result of learning.

Keywords: teleosts; serotonin-modulating anticonsolidation protein; SMAP; learning; spatial memory

Poub HelipocnienpuaHOro IMTrHAPONMPUMHINHA3A TOA00HOTO0 Oesika-2 (dpyl2)
B (p)OPMHUPOBAHMY NPOCTPAHCTBEHHOI MAMSATH Y KOCTUCTBIX PbIO

. B. T'apuna*, B. B. bomsrrakos*, U. FO. Toporsmrua™*, A. A. Mextues***, A. M. AuapeeBa*™

*Unemumym buonocuu enympernux 600 umenu M. /1. [lananuna PAH, Bopok, Poccus
**Hayuno-ucciedosamenbCKuil uHcmumym ouomeouyunckoui xumuu umenu B. H. Opexosuua PAH, Mocksa, Poccust
***Uncmumym ¢uzuonocuu umenu A. U. Kapaesa HAH Azepbatiosicana, Baxy, Azepbaiioscan

HccnenoBany BIUsSHUE CEPOTOHUH-MOIYTUPYEMOro aHTUKOHcoMaaonHoro Oesnka (CMADB) Ha ¢hopmupoBaHHe NPOCTPAHCTBEHHOM MAMATH Y

momnoau kapacst Carassius auratus (L.) B nabupuHTe C NuieBbM noaxperuieHneM. ONbITHO# rpyrie peid 3a 24 4 10 Havana 00y4eHrs] BBOAWIIH B
o0nacth yeTBepToro xenynouka Mosra 2 M1 CMAB (1,5 mr/mi), koHTposbHO# rpyrme — CMADB, HHaKTHBUPOBAaHHBIM HArpeBaHUEM, HHTAKTHAsI
Ipylna He IOABEpragach HHBEKIMH. KapacH OIBITHOH TIpyHIbl MPOIEMOHCTPHPOBAIM HAMXYHIIIYIO CIIOCOOHOCTh K HPOCTPAHCTBEHHOMY
PAacIO3HABAHUIO: MAKCUMAIIBHBIH YPOBEHb O0YUEHHOCTH OTMEYAIICS Ha YETBEPTHIH IeHb U cocTaBui 38% (B KOHTPOIBHOW M MHTAKTHOI TPyIIIax —
70% u 63%, COOTBETCTBEHHO), B LIEJIOM e 3a Bce BpeMsi 00yUeHHs CpeAHNI N0Ka3aTellb B ONBITHOM rpyrme poid coctaBui 16% (B KOHTPOJILHOH U
HHTAaKTHOH rpymnmax — 42% u 53%, cootBercTBeHHO). C nomomisto SDS-ar1exTpoopesa B monmakpriIaMuIHOM rene yeraHoBri coctaB CMAB: on
TPEZCTABIICH JICBSTHIO OENKOBBIMU KOMIIOHEHTAMH, CPEIH KOTOPBIX MO OTHOCHUTEIBHOMY COZIEPYKaHHIO TOMHUHHPYIOT deThipe. C IOMOLIBIO Macc-
crexrpoMerpun MALDI npoBeneHa nx WaAeHTU(UKALWMS: CTIEKTPHH, TUTHAPOIUPUMEIMHA3a-TI0A00HbIH Oenok-2 (DPYL2), TyOynuH M akTuH.
ITockoNBKY TPH M3 YETHIPEX YKA3aHHBIX OCNIKOB — CTPYKTYpPHBIC, MBI IIPC/IOIOKIIN, YTO HanOoIee BEPOSTHBIN KaHIUAAT, OTBETCTBEHHEIH 3a
HeraTuBHbIH 3(dexr CMAB Ha (GpopMupOBaHHE TOITOBPEMEHHON NMAaMATH Yy PbIO, — 3TO AUTHAPONUPUMUINHA3A-N0N00Hb Genok-2 (DPYL2).
BeiBuHYTa THIOTE3a, YTO aHTHKOHCOIMIAMOHHBIH dddexr CMADB o0ycnosnen sddexrom DPYL2, Gnokupyrommm npopacTaHie akCOHOB HITH
€ro IIUTOCTATUYECKOH aKTUBHOCTBIO, HApYIIAIOLIei 00pa3oBaHKe B pe3yJibTaTe 00yUeHHs! HOBBIX HEHPOHOB B FOJIOBHOM MO3T€.

Knrouesvie crnosa: peiObL; CepOTOHUH-MOYINPYEMbIi aHTHKOHCOINIAaOHHEIH Oenok; CMADB; npoctpaHcTBeHHAs HaMsTh
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Baenenue

ITamsTs 11 0OyueHue pbIO B paHHEM OHTOTCHE3€, a TAKKe PHoOpe-
TEHHBIE B3POCIIBIMH OCOOSIMU HABBIKH JIEKAaT B OCHOBE YCIEILITHOTO
CyIIECTBOBAHNUS BH/IA, PA3MHOXEHIMSI M OCBOSHHUSI UM SKOJIOTHUECKOH
Hunm. B HacTostee BpeMst yCTaHOBJICHO, YTO Y PBIO CyIIECTBYET Kak
KpaTKOBPEMEHHasI, TaK M JOJTOBpeMeHHast mamsTh (Csanyi et al., 1989;
Zion et al., 2011), criocoGHOCTB K NMPOCTHIM (KJIACCHYECKHI YCIIOBHBINA
pedIieKc) 1 TOBOJBLHO CIIOKHBIM (hopMaM HaydeHHs! (IPOCTPAHCTBEH-
Hoe pacrniosHaBanue) (Rodriguez et al., 2005). MonekysipHbie Mexa-
HM3MBI JONTOBPEMEHHOM NaMSTH PbIO B TIOCTIEAHHE IECSTUIETHS TIPH-
BIIEKAlOT Bce Oonblie BHUMaHKS uccienopareneil. [lomydens! nokaza-
TENBCTBA YYacTHsl XOJIMHEPIUUECKOW U IIyTaMaTepruyeckoil Herpo-
TPAHCMHTTEPHBIX CHCTEM B IIpoLieccax oOydeHus U mamst y Danio
rerio (Cognato et al., 2012). IToxazaHa BakHast poib TeneHIedanona 1
€T0 OTZENOB (JIATEPATEHOTO ¥ MEUAIEHOTO NTAJUTYMa) B (hOpMIpPOBa-
HUM SMOLMOHATILHOW, BPEMEHHOW U IPOCTPAHCTBEHHOH NaMsTH Yy
ny4enepbix poio (Broglio et al., 2005, 2010). [lop3onarepaisHoe yzia-
JIeHUE TeneHue(aIoHa 30JI0TOH PHIOKU PUBOIUT K YXY/ILIEHHIO PO~
CTPaHCTBEHHOTO PACMO3HABAHNS, CXOAHOMY C TaKOBBIM MPH TOBPEK-
JieHny Turmokamiia Miexormratonmx (Portavella et al., 2002). Hefipo-
(hM3MONOTHYECKNE UCCIIEIOBAHIIS CBUCTENECTBYIOT TAKKE O BOBJIEUE-
HHM MO3KEUKa PBIO B TIPOLIECCHI ITAMSITH U 00yUeHHsI, KaK 3T0 HabIIo-
JlaeTcsl y BBICIINX 1T03BOHOUHBIX (Rodriguez et al., 2005). Obnapyke-
HO, 4TO OCTPBIif CTpecc, BbI3BAHHBIH (PePOMOHOM TPEBOTH WM Kaifpo-
MOHOM XMIIIHUKA ¥ PUMEHEHHBII HEMOCPEICTBEHHO Iepe]] TECTHPO-
BAHUEM PbIO, 3HAYUTENBHO XY IIACT POCTPAHCTBEHHYIO U CUTHAJIb-
Hyto niamsite 'y Danio rerio (Gaikwad et al., 2011). Bmecre ¢ Tem, B
9TOi 00MacTy (PYZHONOTHM HU3MIMX MO3BOHOYHBIX CYILIECTBYET HEMa-
110 GEJIBIX ITSITEH.

CepOTOHHH-MOTY TMPYEMBIiA aHTUKOHCOJIMIAIIOHHBIA OCIOK, WTH
CMAB, nepBoHaYaIbHO BBIBICH B 3aTHUIOYHOH OOJACTH KOpPBI TO-
JIOBHOTO MO3ra KpbICHI TIoCHe amumkaiyy ceporonrHa (Mekhtiev,
2000). Ha3Banue Gerka 00yCIIOBICHO, C OTHOM CTOPOHBI, YCTAHOBIICH-
HOM 3aBUCHMOCTBIO €70 COJEPKaHUs B HEPBHBIX KJIETKAX TOJOBHOTO
MO3ra MIJICKOIUTAIOIIMX OT ypoBHs cepororuHa (Gasanov & Mekh-
tiev, 1991; Mekhtiev et al., 2003), a ¢ ipyroii — HeraTMBHBIM BIIMSIHUEM
CMADB Ha ¢opmupoBaHHe NOITOBPEMEHHOH MaMSTH y YKWBOTHBIX
(Mekhtiev, 2000). Hapymierre KOHCONMMIAIMN CIEAOB MaMSTH IO
neticreBueM CMADB HaGmromanoch Kax y BBICIIHX TT03BOHOYHBIX (MJIe-
KOIUTAIOIIVX) B Pa3IMYHBIX YCIIOBHO-PE(IICKTOPHBIX MOJIEIISIX 00y1e-
wust (Guseinov & Mekhtiev, 2012; Mekhtiev et al., 2015), Tak 1 y HU3-
X (KOCTHCTBIX pbIO) npy BBeieHnr nM CMAB B skertynodek Mosra
niepen oOyuenreM (Garina & Mekhtiev, 2014). Kpome Toro, ormican
psn mpyrux sbdexroB CMADB, BOXHBIX il KU3HSACSTEIBHOCTH Op-
TAaHM3MA: yJacThe B 00e3BpeKUBaHAN TOKCHHOB (Movsum-Zadeh et al.,
2013), peryrmsimu mporeccoB 3MOprorenesa 1 Meramopdosa (Mekhti-
ev et al,, 2016), antrokcunanTaeli (Bakhshalieva et al., 2010), antu-
myrtarenssii (Mekhtiev et al., 2006) addekTs! 1 HeKOTOpEIE ApyTHE.

VYuactiue CMABD B perysisitiu CToJb 3HAYMMBIX JJ11 HOPMAJIBHOTO
(DyHKIIMOHMPOBAHHMSI OpraHM3Ma HPOLIECCax MPUBENO K MBICIH O TOM,
YTO OH 3a7EHCTBOBAaH B OJHOM M3 KITIOUEBBIX CUTHAJIbHBIX KACKaJ0B
wietku. Llenbro nanHOi palboTs! SBISUIOCH 1) HMCCnenoBaTh BIMSHHE
CMAB Ha ¢opmMupoBaHre IPOCTPaHCTBEHHOH MaMSTH Y PhIO; 2) BbI-
sicauTh coctaB CMAB ¢ moMomsio srekTpodopesa B OMHaKpUIaMit-
JTHOM TeJie U 3aTeM HIICHTH(UIIMPOBATH BEISIBIICHHBIE OEJIKOBBIC (pak-
LIUH € TIOMOLIBEO Macc-criekTpomerput MALDL

Marepuaj 1 METObI HCC/ICI0BAHMIA

Cxema NoBeIcHYeCKOro 3KCIepUMeHTa. DKCIIEPHMEHT T10 HC-
CIIEJIOBAHMIO BIIMSIHUSL CEPOTOHHH-MOAYJIMPYEMOTrO aHTUKOHCOJIHIIA-
onHoro Oenka (CMAB) Ha ¢opMupoBaHue MPOCTPAHCTBEHHOH Ta-
MSTH y PBIO NPOBOMIUIM Ha MOJOM cepeOpsiHoro Kapacst Carassius
auratus (L.), BBIpaIlIeHHOH Ha SKCTIEPHMEHTATLHON IpyHOBOH Oase
UBBB PAH (1. Bopok) u 3atem cozieprkaBIIeiics: B aKBapHAITbHBIX YC-
JIOBISIX B TedeHwe 4 MecsiieB. Bo3pact Monomy Ha MOMEHT Havana
OIIbITa COCTAaBWI 6—7 MecsLeB, cperHss Macca — 7,8-9,7 1, cpenusst
mmHa 8,5-9,0 cm. 3a 7 cyTOK 10 Havasa SKCIepuMEHTa PbIO B3BEIIN-

BAJIM, M3MEPSUTH ¥ TIOMEIIATH B HHIIMBU/TyaTbHBIE KOHTEIHHEPBI 00be-
MOM 4 JI C IPUHYIUTENBHOH adpaupeid. [Iporenypy BHyTprueperHon
MHBEKIMH TIPENapaToB MPOBOIIIIH 0] HAPKO30M IO paHee arpodu-
posannoii Meromuke (Garina & Mekhtiev, 2014). OnbITHO# TpyrIIe
pbI6 (n = 8) BBOMIWM B 00JIACTH YETBEPTOTO KETyIOUKa MO3ra 2 MKIT
HatueHoro CMADB (1.5 wmr/mi), koHTpombHOW Tpymme (n = 10) —
CMAB B To}#1 e J103€, THAKTUBUPOBAHHBII HArpeBaHUEM Ha BOJSHOU
Gane B Teuerye 40 MuH npu Temmeparype 55 °C. VHTakTHYIO rpymmy
Kapaceii (n = 8) He moJBepraim KakuM-roo uHbeKIsaM. Yepes 24 4
TIOCJIe MHBEKIIMH PErMCTPUPOBATIN IMHAMUKY (pOPMUPOBAHIS HABBIKA —
HaXOXKZICHHE KOpMa, HAXOJILIErocsl B OMPe/IeNIeHHOM MeCTe JIaOUpHH-
Ta (puc. 1), B Teuenne 10 ceaHcos o00ydeHuUs.
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Puc. 1. Cxema 3KCIepUMEHTATBHON YCTaHOBKH JUIS HCCIICIOBAHHS
MPOCTPAHCTBEHHOM ITAMATH y PbIO: / — CTapTOBAst Kamepa;
2 —3aCIIOHKA, 3aKPBIBAIOLIAS BBIXOJ] M3 CTAPTOBOH KaMepbl

B Tedenne cytok oOydeHre MPOBOMMINA OJHOKPATHO (OIMH ce-
aHc). PeructpupoBamy (hakT BHIIOTHEHHS WM HEBBIIOTHEHHS 3a]1a-
HusI (HAXOXKIEHUE U TIOeJaHre KopMa) 0coObI0 B TeueHre 10 MyH roc-
JIe OTKPBITHSI 3aCTIOHKY B CTApTOBOH Kamepe.

CrarucTiyecKyro 00pabOTKy MOJTyYeHHBIX PE3YJIbTaTOB IIPOBOIH-
JIM C TIOMOIIIBIO 0HO(AKTOPHOIO JuciepcroHHOro aHamza ANOVA
(Statistica 7.0, StatSoft Inc., USA) npu ypoBHe 3naunmocts P < 0,05.

Ipenapat. CepoTOHMH-MOTYIMPYEMbIi AHTUKOHCOIMIAIMOHHBIN
6emnox (CMAB) nonyuen B Mucturyte drsronormm mvenn A. 1. Ka-
pacBa HAH AsepOaiimkana; BbIIeneH 13 Mo3ra ObIKa ¢ HCIIONB30Ba-
HHMEM METOJIOB BBICAIMBAHMS Cy/Ih()aTOM aMMOHHUS M KOJIOHOYHOH
resb-xpomarorpadum Ha cedanekce G-150, mox KOHTpOIEM TBEpHO-
(asHoro nMmyHodepmeHTHOro anam3a. [Ipenapar roBomwm ¢usno-
JIOTUYECKMM PACTBOPOM JIJIsl XOJIOTHOKPOBHBIX *KUBOTHBIX (pH 7,3) 0
KOHLIeHTparmu 1,5 Mr/MIT ¥ XpaHWIM 10 Hadana paboThl MU TeMIIe-
patype —80 °C.

HccnenoBanue cocrapa CMADB n unenTnguxamus 0eJIkoB.
Hccnenopanme cocraba CMAB nposomim B 12,5% Ds-Na-TIAAI' B
BoccTaHaB/HBaronwx ycnoswix (Laemmli, 1970). B kadectBe mMapke-
OB MOJIEKYJIIPHOI Macchl HCTONB30BaH Habop OenkoB PageRulerTM
Prestained Protein Ladder Plus (10, 15, 27, 35, 55, 70, 100, 130,
250 x/1a) (Fermentas). Pacuer BemurH MOJNEKYISIPHBIX Macc OEJKOB
(MW) ocymectsmsum ¢ iomorsto nporpammbl ONE-Dscan, Ver 1.31
(Scananalytic Inc.). TTocne anexrpodopesa 13 resist BBIpe3aIH yIacTKy,
COJICpIKaBIIINE MayKOpHBIE (DpaKiyyl OCIIKOB, TOABEPrald UX TPHIICH-
HOJNM3Y | 3aTeM HICHTH(HIIMPOBATN OSJKH ¢ TIOMOLIBIO MacC-CIIeKT-
pomerpuu MALDI. Macc-ClieKTpbl perucTpupoBaIy Ha BpeMSIIPOIeT-
HoM Macc-criekrpomerpe BRUKER Ultraflex II (“Bruker Daltonics”,
T'epmannst). Mnenmndrkarpro GenkoB npoBoIwiy B cucteme Mascot
(Ormmst «IIeTTHIHBINA (PUHTEPIPUHT), WWw.matrixscience.com). [Torck
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npoBomH B 0ase manHbix NCBLnr cpem GenkoB BceX OpraHu3MOB.
Kanmiatos, UMerONmx mapameTp JOCTOBEpHOCTH score > 92 (P <
0,05), cunTanu 10CTOBEPHO ONpee/ICHHBIMU.

Pesynabrarsl

Bimsinue ICV-unbexumu CMAB Ha npocTpaHcTBEHHOe pac-
NO3HABAaHUe B Ja0upHuHTe y Kapaceil. Kapacu MHTaKTHOH Ipyrbl
00y4JaIHCh JIOCTATOYHO OBICTPO: YXKE B MIEPBOM CEaHCE 00YUCHHUST KOPM
Haxomwk 3 ocobu 13 8 (38%) (puc. 2).

80
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Puc. 2. [Tunamuka GpopMHAPOBAHHS HABBIKA
Y Kapacel HaXOAUTb KOPM B JIAOMPUHTE

VYpoBeHb 00y4EeHHOCTH PhIO HOCTENEHHO YBEINIMBAICS U JIOCTH-
rajl MAKCUMyMa Ha TIIThIe CyTKH (63%). PBIOBI 113 TpyTIIBI aKTHBHOTO
KOHTPOJISl 00Y4JaICh B LIETIOM XyKe, OJHAKO HA IIITHIC CYTKH y HUX
BBITOHSUH 3a7aHue 70% ocoOell. Y Kapaceid ONbITHOM IPyTIIB MaK-
CHMAITBHBIA yPOBEHb 00YYeHHOCTH HaOMIOAJICS Ha YETBEPTHIH JICHb 1
cocTaBit 38%, B 11E7IOM Ke 32 BCE BpeMst 00YUCHHUS CPE/THHIA TIoKa3a-
Tenb cocTaBil 16% (B KOHTPOJBHOM M MHTAKTHOW rpymmax — 42 u
53% cootBerctBenHO) (P < 0,05).

Ta0muua 1
Unentudukarms 6enkos B coctae CMAB

JnexrTpodopernyeckuii anaam3 cocraa CMAB. Vccienoa-
Hue coctaBa CMAD ¢ nomoriipro smektpodopesa B ICHATYPUPYHOIINX
YCIIOBUSIX TIOKA3aJI0, YTO OH IIPE/CTABIICH JACBSTHIO KOMITOHEHTAMU,
Cpel KOTOPBIX IO OTHOCHTEJIBHOMY COICPYKAHHIO IOMHHHPOBAIN
gersipe (puc. 3, ppakmm 1-4). Bee getsipe ¢pakimy oToOpaHbl st
MAcCC-CIIEKTPOMETPHUIECKOrO aHAIIH3A.
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Puc. 3. SDS-anexrpodopes CMAB: cieBa (cronouk « CMADBy):
anekrpodoperpamma CMAB; cTperku clipaBa YKa3bIBaroT Ha
nokanm3ario ppaxiwit CMADB (1-5), B3sIThIX Ha TOCIICTYFOIIHEA
anam3 MALDI-TOF; ctpernka ciieBa — HarpapiieHHe SeKTpodopesa;
crpaBa (CTONOKK «M»): JTOKaIH3aIWs MApKEPOB MOJIEKYIIPHOM
maccel PageRulerTM Prestained Protein Ladder Plus (Fermentas)
Ha a7eKTpodoperpamme; Ldpame 0003HaYCHBI MOJICKYILSIPHBIE
MAcChl CTaHIAPTHBIX OeKoB-MapKepoB (k/1a)

Macc-criekTpoMeTpuyecKuii aHam3 6esikoB B cocrae CMAB.
Cpem mpeHTMdHIpoBaHHBIX B coctaee CMAD uerthIpex OelKkoB oka-
3QJTUCh CIIeKTPHH (1), IMrUapOnMpUMIIIHA3A TOAOOHbIH Genok-2 (2),
TyOynuH (3) v aktuH (4) (Tabm. 1).

izﬁzpmrsm Kanmunarasiii 6erok (NCBI) Acces(;cgl];l]l)lmb er MW, Da calc'/obs®  Score’ Coverage,' %

1 Spectrin beta chain, non-erythrocytic 1 isoform X2 [Bos taurus) 2i[528968379 272512/241840 126 14

2 Dihydropyrimidinase-related protein 2 [Bos taurus] £i/115496400 62239/56540 188 45

3 Tubulin beta4A chain isoform X10 [Orcinus orca] 21821404056 40540/52110 158 53

4 Actin, cytoplasmic 2 [Canis lupus familiaris) 21924442847 41711/39570 109 40

5 Actin, cytoplasmic 2 [Macaca fascicularis] 2i/54896078 41722/32260 119 37
Tpumeuanue: ' — pacyeTHast BEHYMHA MOTICKYJISPHOM MACChI; © — SKCTIEPUMEHTAITHHAS BEJTHUHHA MOTIEKYJIAPHOI MacCh; ° — BEJIMUHHA JI0CTOBEPHOCTH; * — NIEpeKphIBa-

HH€ aMUHOKHCIIOTHBIX [10CIE/IOBATEIIBHOCTEH.

Oobcy:x1eHue

Takum 00pa3oM, HaMH BIIEpBbIC MOJTYYCHBI CBUCTEIILCTBA Hera-
THUBHOTO BIIMSIHHSL CEPOTOHMH-MOYJIMPYEMOrO aHTHKOHCOJMAALIOH-
Horo Genka Ha ()OPMUPOBAHHE MPOCTPAHCTBEHHOMN MAaMSTH Y KOCTHUC-
ThIX pbi0. AHaim3 coctaBa CMADB mokasai, 4rto OH COCTOMT W3 He-
CKOJIBKHX OCJIKOBBIX KOMIIOHEHTOB, TIPH 3TOM I10 OTHOCHTEIIHOMY CO-
JlepKaHUI0 npeoOranaroT yerblpe Oeika. [lapamerp noctoBepHOCTH
(score) mst Beex OenkoB Bbimte 92 (109—-188); BenmunHbI NepeKpbIBa-
HMS AMHHOKHCIIOTHBIX OCIIEIOBaTeIbHOCTEH (coverage) deThIpex
0€IKOB M X TOMOJIOTOB YIOBIETBOPHTENbHEI (14-53); BemMuMHBI pac-
YeTHBIX M SKCIIEPHMEHTATIBHBIX MOJIEKYISPHBIX Macc OekoB (MW)
ommku. Kpome Toro, sKCIiepiMEHTATBHBIA U KaHAHAATHBIC BUIBI K-
BOTHBIX, y KOTOPBIX OOHAPY>KEHBI OEJIKH CO CXOHOH CTPYKTYPOH, TIpH-
HapIexaT ofHoMy Ktaccy Mammalia. B mieniom ykazaHHbIe (akThl 1103-
BOJISTFOT YTBEPYK/IATH HAJIKHOCTH MPOBCIICHHOM HIICHTH(DHKAIK OCITKOB.

TTocKonbKy CHIeKTpHH, TyOyJIMH ¥ aKTHH SIBIIFOTCSL CTPYKTYPHbI-
Mu Oenkamy, a Bce ocTanbHble (pakimu B coctase CMAD nperncras-
JICHBI B CJIMIIIKOM HU3KOW KOHIICHTPALH, MOXKHO HPEATIONIOKHUTE, YTO
HanOoJiee BepOSITHBI KaHIAIAT, OTBETCTBEHHBIIH 32 dddexts: CMAD —
9TO JMTHIPONTHPUMIIHHA3A-TTO00HBI Oenok (dihydropyrimidinase-
related protein 2, DPYL2, wm CRMP2) (www.uniprot.org/uniprot/
002675). D10 BHYTPHKIICTOUHBIIN Helipocrermduunblii 62 k/la 6erok,
OTHOCHUTCS. K HEOOJIBIIIOMY CEeMEHCTBY LMTO30NBHBIX (hochorpoTen-
HOB, M3BECTHBIX KaK MeUaTopbl Sema3A CUrHajMHra ¥ HelpoHasb-
Hoit mudpdepentmariu. [locne aktrBarmn Sema3 A miekcuH A CBSI3bI-
Baetcst ¢ OGenkamu CRMP, BenencrBue yero oHn moaseprarores oc-
(hoprumposanmro nporenHkiHazamu CdkS, GSK3beta u Fes. Y CRMP
OJIOKHpYETCST CIOCOOHOCTD CBSI3BIBATRCS C AMMEpaMU TyOyJMHa, YTO
BBI3BIBACT JICTIONMMEpU3aIMIO F-akTiHa ¥ B KOHEUHOM CHeTe — IIpe-
KpallleHie pocTa akcoHa. bromnorrueckast dynxims 6emxos CRMP —
y4acTHe B Pa3BUTHH ¥ HIOJSIPH3ALIN HEHPOHOB, PEryJIILIMKM POCTA aK-
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COHOB ¥ KJIeTouHOM murparuu (Schmidt & Strittmatter, 2007; Naka-
mura et al., 2000). [Tpucyrcreue B cocrase CMAB TyOynvHa 1 akTHHa,
TOBUIMMOMY, 00YCIIOBIIEHO KX B3anmozeicTsueM ¢ CRMP2 B krnetxke.
Tockoneky pakuronnpoanne CMADB mponcxomuT B HeACHATYpH-
PYIOIIHX (B OTCYTCTBHHU ETCPreHTOB) YCIOBHSX, IATHAPOIAPAMIII-
Ha3a TOHOOHBIN OEOK-2 SMIOMpYETCsl ¢ Teb-XpoMaTorpadaecKoi
xoJoHKH G-150 B koMIUIEKCE ¢ TyOyITHHOM U aKTHHOM, OJTHUM ITHKOM.

TlockombKy B OCHOBE 00y4eHNSI JKMBOTHBIX JISKUT 00pa3oBaHHe HO-
BBIX CBsI3eH MEXIy HelipoHamu, a BHyTpuMo3rosoe BaefieHrne CMAB
MJICKOITUTAIOIM ¥ pbIOaM Ieper] BbIpaboTKOI y HUX YCIOBHBIX pe-
(hrIeKcOB MPUBOMIO K HAPYIIECHUIO (POPMUPOBAHUS Y HUX MaMSTH
(Guseinov & Mekhtiev, 2012; Garina & Mekhtiev, 2014; Mekhtiev
etal.,, 2015), MO>XHO TIPEATIONOKHTE, UTO HeratuBHBIH dext CMAD
Ha (h)OPMHpPOBaHME TIPOCTPAHCTBEHHON MAMSTH Y PBIO B HACTOAIICH
pabore o0ycosieH 3ddexrom DPYL2, Gnokupyrommm mpopacTanue
AKCOHOB, BOBJICYEHHBIX B (DOPMUpOBaHKE IaMsTH HelipoHoB. Kpome
TOTO, IMOCKOJIBKY TIOKa3aHO, YTO B Pe3yJIbTaTe OOYUYEHHsI IPOUCXOIUT
00pa3oBaHNe HOBBIX HEHPOHOB B PsiJie CTPYKTYP TOJIOBHOTO MO3T'a JKH-
BOoTHBIX (Sherstnev et al., 2010, 2016; Deng et al., 2010; Yau et al.,
2015), To antukoHconuaarmonHele 3dextsi CMAB Taroke Moryt
OBITH CBSI3aHBI C [IUTOCTATHYECKOH akTHBHOCTEI0 DPYL2.

3akioueHue

B HacrosiIieM HccieloBaHUH BIIEPBBIE YCTAHOBJICHO, YTO CEPOTO-
HHH-MOJTYJIMPYEMBIi aHTHKOHCOMMIAIMOHHbIN Oenok (CMAB) oka-
3bIBACT BBIPOKEHHOE HETaTHBHOC BIMSHHE HAa (DOPMHPOBAHME IPO-
CTpaHCTBEHHOM MaMATH Yy KOCTHCTBIX pbl0. B coctaB mpenapara
CMADB BXOZSIT IeBSTH OEIKOBBIX KOMIIOHEHTOB, CPEIX KOTOPBIX JI0-
MHHHUPYIOT YeTBIpE: CIIEKTPUH, TUTHAPOIMPUMH/IIHA3A OJOOHbIH Oe-
JI0K-2, TyOymH 1 akTyH. [TomydeHHble pe3yIIbTaThl TTO3BOJSIIOT Hpe-
TIOJIO>KHTb, YTO aHTUKOHCONMAIMOHHEIH d( ekt CMADB oOycrnosnen
apdexrom DPYL2, GnokupyronmM MpopacTaHie aKCOHOB, HMITH €rO
LIATOCTATUYECKON aKTHBHOCTBIO, HApYIUAIOLIeH oOpa3oBaHUE B pe-
3yJbTaTe OOy4YeHHs HOBBIX HEHPOHOB B I'OJIOBHOM Mo3re pbIO. Jlist
TIOATBEPKIICHHST 3TOM TMIOTE3bI HEOOXOIUMBI JOTIONHHUTENBHBIE HC-
CIIEIOBAHMS C OUHIIIEHHBIM IpenapatoM DPYL2.

Brarogaproctn

ABTOpBI BbIpaKatoT OnarogapHocts M. T1. PAOueBoit 3a TEXHIYECKYIO TIOMOILIb
TIPY MPOBEJICHAH PAOOTHL
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The concentration of chemical ements (Pb, Cd, Cu, As, Zn, Hg, Fe, Co, Mn) in the liver of healthy cattle and those
affected by Fasciola hepatica and Dicrocoelium lanceatum in Poltava region (central part of Ukraine) was determined.
The research was carried out by the method of atomic and absorption spectrometry carried out at the Regional State
Laboratory of Veterinary Medicine in Poltava region. The liver samples (n = 30) from healthy cattle black-and-white
breed and those affected by F. hepatica and D. lanceatum were taken at the meat processing plant. The ages of the cattle
ranged from 6 to 8 years. The samples were immediately cooled, transported to the laboratory and stored at —20 °C for
further analysis. The results of the research determined the average indicators of concentration of some toxic elements
in the livers of healthy cattle and those infected by the trematodes. The content of chemical elements in the liver of
healthy animals and those affected by fasciola can be represented in the form of a decreasing rank number: Zn > Fe >
Cu, and for dicrocoeliosis, respectively, Fe > Zn > Cu. It has been established that Cu and Zn are involved in the
metabolic processes of the body of trematodes, which is confirmed by our research. The presence of F. hepatica and

D. lanceatum in the body of cattle significantly reduces the level of copper and zinc, with a high inverse correlation
dependence on the intensity of infection, thus indicating the possibility of their accumulation by helminths.
Concentration of Cu and Zn in the liver of cattle with fasciolosis was 6.82 + 0.29 and 35.77 + 1.93 mg/kg, while for
animals with dicrocoeliosis it was 3.90 + 0.25 and 41.91 + 2.22 mg/kg. The content of cobalt and manganese in the liver
of healthy animals was, respectively, 0.05 + 0.01 and 1.95 £ 0.06 mg/kg. In the case of Fasciola parasitising in the liver
tissue, the level of cobalt (0.10 + 0.02) and manganese (2.55 + 0.16) significantly increased, positively correlating with
the intensity of the infection, indicating no effect on the exchange and bioaccumulation of these elements by helminths.

Keywords: microelements; heavy metals; correlation; Fasciola hepatica; Dicrocoelium lanceatum

BmicT XiMiYHHMX eJIeMEeHTIB y neviHli BeJIUKOI poraroi Xxyi0om
3a ¢acuiosibo3y Ta IUKPOLETio3y

O. B. Kpyunnenko*, M. IL. [Ipyc**, M. B. I'anat**,
C. M. Muxaitmorenko*, O. C. Knumenko*, JI. M. Ky3pmenko™*

*[Tonmagcvka depacasna azpapua akademis, [lonmasa, Yrpaina
**Hayionanvhutl yrnisepcumem 6iopecypcie ma npupodoxopucmyeanns Yxpainu, Kuis, Yxpaina

Ha Tepuropii [TonraBcbkoi obnacti (LeHTpaibHa YacTHHA YKpaiHH) BU3HAYCHO KOHIeHTparlito Ximiunux enementiB (Pb, Cd, Cu, As, Zn, Hg, Fe,
Co, Mn) y nediHLi BenmKoi poraToi Xy1001 Bizl 30pOBUX TBApHH 1 ypakeHux Fasciola hepatica ta Dicrocoelium lanceatum. JIocni/pkeHHs: IPOBEICHO
METOJIOM aTOMHO-a0CcOpOLiiiHOT criekTpoMeTpil Ha 0a3i PerioHanbHOi JeprkaBHOI Jiaboparopii BeTepuHapHOi MeauimHKA B IlonTaBchkiil oOmnacTi.
Ha m’sicokoMbinari BinOupanu 3pasku nedinkd (n = 30) Bi 370pOBHX KOPIB YOPHO-PsIO0T MOpoau Ta ypaxeHux F. hepatica ta D. lanceatum. Bik
BEJUKOI POrarTol Xyo0ou — 6—8 pokiB. 3pa3kil HeraltHoO OXOJIODKYBAIIY, TPAHCIIOPTYBAIU B JTa0OPaTOpiO Ta [0 MOJAIBIIONO aHawi3y 30epiram 3a —20 °C.
BcraHoBieHo cepeiHi MOKa3HHKM KOHIICHTpAIlil OKpPEMUX XIMIYHMX EEMEHTIB y TNMEdiHI 3[0pOBUX Ta iHBA30BAaHMX TPEMATOJAMH TBApWH. YMiCT
XiMIYHHX €JIEMEHTIB y MEeYiHI[l 30POBHUX TBAPHH 1 YPKESHUX (hacIioNaMKi MOYKHA HABECTH Y BUIVISI CIIAJHOTO PaHXKyBaIbHOTO psiay: Zn > Fe> Cu, a 3a
Jwkporeriosy — Fe > Zn > Cu. Mizgb Ta tHK O6epyTh y4acTb B OOMIHHHX IPOIIECax OpraHi3My TPEMaro/l, IO I ATBEPIKYETHCS HALIMMH JIOCIIDKEH-
wsavu. [pucythicts F. hepatica ta D. lanceatum B opraHi3mi BEJIMKOi poratoi XyJoOU JOCTOBIPHO 3HIDKYE PIBEHb Mifli Ta LIMHKY, MAIOUM BHUCOKY
3BOPOTHY KOpEJILIHY 3a/IeKHICTb Bl iHTeHCHBHOCTI iHBasii. KoHrenTparist Cu ta Zn y neyiHr 3a paciionso3y ckianae 6,82 + 0,29 135,77 + 1,93 mr/kr, a
3a aukporeniosy — 3,90 + 0,25 ta 41,91 + 2,22 mr/kr. Bmict koGaIbTy Ta MapraHiio y MediHIl 30pOBUX TBAPHH CTAHOBHUTH, BijmoBiaHO, 0,05 £ 0,01 i
1,95 + 0,06 mr/kr. 3a napa3uryBaHHs (HacIion y TKaHWHI IIE4iHKU JOCTOBIPHO MiIBUIIYETHCS piBeHb KobanbTy (0,10 + 0,02) Ta mapramiio (2,55 + 0,16),
TIO3UTHBHO KOPEJIOIOYH 3 IHTEHCUBHICTIO 1HBA3ii, 1110 CBITYHUTH PO BiICYTHICTh BIUIMBY Ha OOMiH Ta Gi0aKyMyJISsILIiO Fe/IbMIHTAMH LIHX €JIeMEHTIB.

Knrouosi cnosa: MikpoeleMeHTH; BaXKi MeTatu; kopersiuist; Fasciola hepatica; Dicrocoelium lanceatum
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Beryn

Jlo He3aMiHHOI TPYIIH PEUIOBHH, 1110 BUKOHYIOTh BKIIMBI 0i0sI0riy-
Hi (DyHKIIIT, BITHOCATH MiKpO- Ta MakpoesieMeHTH. L{i MiHepaibHi pedo-
BHHH MAIOTh BUCOKY OlOJIOTIYHY aKTHBHICTB, MICTATBCS Y TIPOAYKTaX
XapyyBaHHsI, IMTHIK BOJI, TKAHWHAX JIFOAMHU Ta TBapUHH. Minp, KO-
OaiIbT, IHHK, MapraHellb, 3a11i30 OepyTh y4acTb Maibke B ycix Gionoriu-
HHX TIpOIIeCaX, IO BiIOYBAIOThCS y TKAHHHAX OPraHi3My, Ta MaroTh
nocuth crietmdiuny miro (Ekici et al., 2004; Mohammadifard et al.,
2017). Minp BHCTYyIae HEOOXITHIUM KOMIIOHCHTOM JUXAIBHOTO (ep-
MEHTY LMTOXPOMOKCH/IA3H. 3a BIICYTHOCTI XiMIYHHX €JIEMEHTIB He-
MOXTHBI: JUXaHHSI, YTBOPEHHS KPOBI, OUTKOBHIA, BYTJICBOIHHUIA Ta JKH-
posuii oomiam (Minatel & Carfagnini, 2002; Stern, 2010).

Kobaner Gepe axTHBHY y4acTb y ()epMEHTATHBHHUX MPOLIECAX Op-
ranizMy (Orjales et al., 2017). BimmideHo Horo ransMiBHMIH BIUIMB Ha
OKFICHO-BITHOBHI IIPOLIECH, BiH 3HIDKY€ aKTUBHICTb ITATOXPOM- 1 XOJIiH-
OKCHZIa3H, KaTaja3y KpoBi, aKTHBYE JIANECITHIA3Y, apriHa3y, KICTKOBY
Ta kuikoBy ocdarazu (Leskinen et al., 2016).

Bionoriuna posib MHKY 10B’s13aHa 3 ByJieBOIHNUM oOMiHOM. [leit
MIKpPOEJIEMEHT pa3oM i3 (hepMEeHTamMy, FOPMOHAMH Ta BiTaMiHAMU
BIUTMBaE Ha (DYHIAMEHTAJIbHI JKUTTEBI MPOLIECH: PO3MHOXEHHS, PICT 1
PO3BHTOK OpraHi3my, 0OMiH OUIKIB, KHPIB, OKFCHO-BITHOBHI MPOLIECH
Ta eHepreTrunnii ooMiH (Grosskopf et al., 2017).

MapraHelp — He3aMiHHHIA eJIeMEHT [yIsl )KUTTS POCIIUH 1 TBApHH.
BiH cTHMYJTIOE CHHTE3 XOJICCTEPUHY Ta )KMPHUX KHCIIOT, BUSBIISFOUM
THM caMuM TinotponHi ii. KpiM BIumBY Ha rporiect KpOBOTBOPEHHSI,
Mapratellpb BIUIMBA€ Ha AHTUTLIONCHE3, IPUCKOPIOIOYN YTBOPEHHS aH-
TUTINL. BUbIIicTh efleMeHTiB, y ToMy urcii Mn, Ma€e XapakTepHHii st
HBOrO Jiaria3oH Oesreunol excrosumii (Botle et al., 2004; Griffiths
etal,, 2007; Bowman et al., 2011).

B opranizmi TBapuH (epyM IpUCYTHII B yCIX TKaHMHAX, POTE
HalOUTBIIIa HOT0 YacTHHA 30Cepe/PKeHa B KPOB’SIHUX TiIax. ATOMH 3a-
JIi3a 3aifiMalOTh LICHTpaIbHE TOJIOKEHHSI B MOJIEKYJaX I'eMOIIO0iHY,
3aBISKH YOMY OCTaHHI MOXXYTh TPHEIHYBATH Ta BiIUICIUTIOBATH
kucenb (Hansch & Mendel, 2009). HemocraTHe HaxOmKeHHHS riepe-
PaxoBaHHX ENEMEHTIB JI0 OpraHi3My 3 KOPMaMH Y/ HETIOBHE 3aCBOEH-
HS y pa3i 3aXBOPIOBaHb CYIPOBODKYIOTHCS TIATONOTIYHIMY 3MiHAMH,
BUKIINKAE TUCOATIAHC MIiHEPAIBHUX PEUOBUH, MOPYLICHHS OOMIHHIX
TIPOLIECIB, 3HIKEHHS sIKocTi mponykuii (Berger, 2005; Dermauw et al.,
2013; Alzaheb & Al-Amer, 2017).

Jlo MiKpoesIeMeHTIB Hale)kaTh TaKOK BOKKI METaJH, SIKi aKyMy-
JIFOIOTHCS B PI3HUX HA3EMHHMX 1 BOJHUX €KOocHcTeMax. BoHM — HEBif -
€MHA CKJTJIOBA POCIMH, OpPraHi3My TBApHH 1 JIFOJICH, OCKUTbKU Oarato
CIIOJTYK IMX €JIEMEHTIB BXOJIATH JI0 CKJIay BITAMiHiB, TOPMOHIB Ta pi3-
nux TKanuH (Kabata-Pendias, 2004; Tchounwou et al., 2012; Ramos
etal,, 2014). OgHax HaIMipHE HAKOIMYCHHS LIMX CIIEMEHTIB BHKIIHKAE
TSDKKI HACITIJIKH, HaBITh 3aXBOPIOBaHHs (Zeng et al., 2016).

Binomo, 1110 Baykki METAJH CTAlOTh BUCOKOTOKCHYHIMY Y pasi M-
BHIIEHHS iX MOPOTOBHX KOHIEHTpalii. [HmwBinyansHa motpeda sxu-
BHX OpPraHi3MIB y IIMX €JIeMEHTaX Mi3epHa, a HaJIXODKCHHS i3 30B-
HIllTHBOI'0 CEPEIOBHIIIA X HAPTHIIIKOBHX KLTbKOCTEH CIPHUHHSIE TIOPY-
1ieHHs: QYHKIH pi3HKX opraHiB Ta ix cucrem. Kaqmiit B opranizmi ak-
THBYE LIMHK3QICKHI (EPMEHTH, BXOISUM JI0 CKIATy NCSKHX OLUIKIB,
Oepe yJacTb y MeTaloTi3Mi 3aJTi3a, Mifli Ta KaJbLIiio, BIUTHBAE Ha BYTJIC-
BOHMH 00MiH. PazoM i3 M 0co6Boi HEOOXITHOCTI B HOro HaaXO/-
JKCHHI HEMae, IO IMATBEPHKEHO JIOCIIDKSHHSIMI: 3rOJIOBYBaHHS OY-
ralIsvM xyopuy kaamito y ozax 0,03 i 0,05 Mr/kr macu Tijia porsi-
rom 30 [1i6 CIPHYMHIIIO PO3BUTOK XPOHIYHOTO KaIMiEBOrO TOKCHKO3Y.
3aiaBaHHs1 3 KOPMOM XJIOpUTY Kaamiro y 71031 0,05 MI/KT 3yMOBHIIO Bi-
poriHe 3HWKEHHS PiBHSI HEGH3UMHOI Ta €H3MMHOI CHCTEMH aHTHOKCH-
JIAHTHOTO 3aXUCTy OPraHi3My TBApHH, Ha 110 BKa3ye 3HIKCHHS aKTHB-
HOCTI CYTEpOKCHIIMCMYTa3H, KaTallasd, TIIyTaTiOHIEPOKCHIIAa3H, BMi-
CTy BiHOBJICHOTO TJIYTaTiOHY, CEleHy, BiTaMiHIB A Ta E B iX KpoBi
(Gutyj et al.,, 2016). 3a nannvu Lazarus et al. (2008), kaamill HUTSKATH
JI0 HAHTOKCHYHILIFX PEYOBHUH, 110 MAIOTh BJIACTUBICTh HAKOITMYYBATH-
cs1. [lepion #oro HariBBHBEICHHS KOJIMBA€ETHCS B Mexkax 10-35 pokiB.
Ieit eneMeHT HaKOMUUYEThCS B HUPKAX, TICUiHIT, TPYyOUaCTHX KiCTKaX,
TTINLTYHKOBIHN 3271031, CeJIe3iHII Ta IHIIMX TKAHUHAX i OpraHax, Cripu-
YUHSE MIBULLICHHS TUCKY, HMODYIUICHHS POOOTH HEPBOBOI CHCTEMH,

JIeTeHb, HAPOK Ta MOSIBY 3OSIKICHMX HOBOYTBOpeHb (Skalny, 2004).
CBUHEI b JIOCHTH MOBUTLHO BUBOIUTHCS 3 OPTaHi3MYy, [IEPEBEKHO 3 KATIOM i
ceuero. BiH cTiMyITIOE mporieck pocTy Ta BiHOBICHHS TKAHUH, Oepe
y4acTh y Tporecax oOMiHy KalbL{IO Ta 3aj1i3a; Peryjroe BMICT re-
MOIJIO0IHY y KPOBI; aKTUBYE a00 MPUTHIYYE aKTHBHICTB JCIKUX (ep-
MeHTiB. OTHaK Bke Y pasi HOTPAIULIHHS | MI' CBHHITIO B OPraHi3M pee-
CTPYETBCS HOTO TIepEeIO3yBaHHS, 110 CIIPHYMHSIE 3aXBOPFOBAHHS KICTOK,
TiMepTOHIl0, aHEMI0, aTEPOCKIIEPO3, BUCHAKEHHSI, HUPKOBY HEZIOCTAT-
HICTb, MOCIIA0JICHHSI IMyHITETY, 3HIDKCHHS PiBHS MIKpO- Ta MiKpoerie-
MeHTIB Ta iHm naronorii. OCHOBHI OpraHM HAKONHMYEHHs KaTiOHIB
CBHHIIIO — HUPKH Ta Mo30K (Shefa & Héroux, 2017).

ApCceH NOJMNIye KPOBOTBOPEHHS, PEryJIIOE 3aCBOEHHS a30Ty Ta
(hocdopy, YUHHUTE MOCTA0IOBANBHY [IiF0 Ha OKHCHI TIPOLIECH, B3a€EMO-
i€ 3 DSSIKUMH TPyTaMH OLUIKIB, 8 TAKOX i3 IMCTEIHOM, TIIyTaTiOHOM,
JIHITOEBOKO KHCIIOTOK; Oepe y4acTh y (hDepMEHTATUBHUX PEaKIIisX, JIE
K 3aMiHHHK (ocaty (Datta et al., 2010). IlepeBHeHns: ToporoBoi
KOHIICHTpAIIiI eIEMEHTa CIPUYMHSE JIPATIBIMBICTh, AJIEPTiI0, CK3EMY,
JIEPMAaTHUTH, BUPA3Ky, KOH IOKTUBITH. TaKoXK YpaKacThCsl MXabHA
cHCTeMa, BiAMIYA€ThCsl TOpyIIeHHs (yHKil nediHku. PeectpyroTs
MiIBUILICHHST PU3HKY BUHMKHEHHS! OHKOJIOTIYHMX 3aXBOPIOBAHb, IPH-
THiYeHHs QyHKIIH HepBOBOi cucTeMu. TOKCHYHA /1032 B [iara3oHi S—
50 mr/moba, a 30ubIIeHHS 10 S0 MT 1 BHIIE MOMKE MIPH3BECTH IO Jie-
TanbHIX HacikiB (Skalny, 2004; Datta et al., 2012).

3a oCTaHHI POKH 3POCIM BUKUIM TOKCHYHUX €JICMEHTIB Y JIOBKLUI-
JIS PI3HHUX KpaiHaX CBITy. 3a0py/IHEHHS HABKOJMIIHBOTO MPUPOTHOTO
CEpeIOBHIIA BOKKUMU METAIAMU CTAIO0 IVIOOAIBHOIO MPOOIEMONO.
Jlo ronoBHuX (HaKTopiB, 110 CIPUYMHIIIM 3arPO3NTHBHIA CTaH JOBKULIS,
BiZIHOCSITh 3aCTapily TEXHOJIOII0 BUPOOHHIITBA Y IPOMHUCIIOBOCTI, He-
cydacHe OOJagHAaHHS, HU3bKHI PIBEHb YIPOBADKEHHS PECypco- Ta
€HEPro3aola/LKyBaIbHIX, €KOJIOTYHO YHUCTUX TEXHOJOTIH; BUCOKHI
PpIBEHb KOHIICHTpAIii MPOMUCIIOBHX 00’ €KTIB; BiICYTHICT HAJIEKHIX
TIPHPOIOOXOPOHHKX CHCTEM; HU3bKHI PIBEHb KCILTyaTallil iCHYIOUHX
HPUPOIOOXOPOHHUX 00’€KTIB; BiICYTHICTh HAJIEKHOTO IPABOBOTO Ta
€KOHOMIYHOTO MEXaHi3MIB PeryJIOBaHHs; IPOrpecyody ypOaHi3allio
HACEJICHHS, PO3POCTAHHS TIFAHTCHKHMX METAIONICIB, BiICYTHICTh Ha-
JISKHOTO KOHTPOJIIO 32 OXOPOHOIO JIOBKUUIS, BUBSP)KCHHS BYJIKaHIB
(Davydova, 2005; Shakir et al., 2017).

ExornorivHi HaCiIKK TaKUX TEOXIMIYHHX 3MiH IPUBEPTAIOTh yBa-
Ty, OCKUIbKH, Ha BiIMiHY BiJI iHIIIMX PEYOBHH, 110 3a0pyIHIOIOTH cepe-
JIOBHILIE, METATH Y TPUPOJIHAX YMOBAX HE PYHHYIOTBCS,  JIMILE 3Mi-
HIOIOTB (hOpMY 3HAXOJDKEHHSI 3aJIe)KHO Bift HU3KH (axTopiB. KpiM Toro
HOPYILYETHCS TIPUPOHUI KPYrooOir XiMivHUX eteMeHTIB (Sokolenko
& Sokolenko, 2015).

ToMmy, iHTepec 10 KOHLEHTpALlii TOKCHYHUX EJIEMEHTIB y JKHBUX
opranizmax 3pic (Li et al., 2015). BizomocTi npo BMIiCT BayKKIX METaIIiB
1 0COOMMBOCTI 1X JIOKATI3AMi{ y TKAHUHAX TBAPHUH, IITHII, OE3XpeOSTHIX
MarloTh BeNMKe npaxtrane 3HaueHHs (Gasparik et al., 2010; Thedioha &
Okoye, 2013; Brygadyrenko & Ivanyshyn, 2015). AxryansHicTe MO-
HITOPUHTY TIOJISITA€ B TOMY, IO HAXODKCHHS 3HAYHOI YAaCTHHU TOK-
CHYHHUX €JIEMEHTIB B OpraHi3M JIOJIMHHA B OCHOBHOMY BiJIOYBA€ThCS 32
JIAHITFOTOM «TPYHT — POCJIHHA (KOPM, PaIliOH) — TBapHHA — MPOTYKT
TRapuHHMLITBA — JiFomHa» (Roggeman et al., 2014; Sachko et al., 2016).

Jlns Bu3HaueHHST OCOOJMBOCTEH PO3TALIYBAHHS BMICTY BaXKKHX
METaJliB Y JKUBUX OpraHi3Max, 3HAIOUM X BIIACTUBICTB 10 aKyMYJISLIiL,
HAYKOBII JOCTIMIIN TBapHH-OI0IHAMKATOpiB. BOHM 1O3BOIIOTH
BIBHAUUTH CTYHiHb HEOE3MEKH TUX a00 IHIIHMX PEYOBHH JUIS SKHBOL
TIPUPOAH Ta JIFOAHWHY; JAI0Th MOMKJIVBICTH KOHTPOJIOBATH JIIO0 OyIIb-
SIKHX METAJIB, CIIOTYK TowIo. /{0 TepeBar «oKUBHX IHIIMKATOPIBY BiTHO-
CSTh MOMUTMBICTB OLIHUTH CTaH HOMYJIALT B LIJIOMY, BKITFOYAIOUN TOK-
CHYHI €JIeMEHTH Ta aHTpOroreHHi Qakropy. BoHH MokasyroTs TeHaeH-
L1, IIBH/IKICTB 3MiH, CITiBBIiJHOILICHHSI, 11O BiOYBAIOTHCS B HABKOJIHIII-
HBOMY CEpPEZIOBHILL, BKA3YFOTh Ha LXK Ta MiCIs HAKOITIYCHHS B €KO-
crcreMax Bakkux MeraitiB (Lopez Alonso etal.,, 2002; Yarsan et al., 2014).

AHai3 MTOKA3HNKIB HAKOIIMYEHHS TOKCHYHIX €JIEMEHTIB y TBapH-
Hax-HMKaTOpax JI03BOJISIE JATH CaHITAPHY XapaKTEPHCTHKY CTaHy Ce-
PEIOBHIIIA BiTHOCHO (JAKTOPIB MPOMHICIIOBOTO 3a0pYIHEHHSI, OLIHUTH
CTYIIiHb PHU3MKY Bl Aii HOBHX aHTPOIOIEHHHX YMHHHKIB y Giocdepi
Ta, BIZTOBI/IHO, CKJIACTH KOPOTKO- Ta IOBIOCTPOKOBI MPOrHO3H 3MiHH
exororii (Saltyikova, 2011; Peterson & Schulte, 2016). BiomoniTopus-

16 Regul. Mech. Biosyst., 9(1)



I'y BOKKUX METAIB B OpraHax i TKaHMHax puO MpHCBsideHo rmpani Le
etal. (2016) ta Javed & Usmani (2016). JocrymHi JiTeparypHi aaHi
CBIYaTh TAKOXK 1 PO aKyMYJBILIIO BOKKUX METAIB HapasuTaMu puo,
1110 JIOKaJi3yroThes B 1i pisHux opranax (Nachev et al., 2010; Bayoumy
etal.,, 2015; Hassan et al., 2016). ABTOpH JOBOJIT, IO MAPa3HTH 30aT-
Hi HAKOTIMYYBATH BXKI METAIM B KOHIICHTPALSX, sIKi y Oarato pasiB
BUIII, HDK Y TKaHUHAX rocriozaps (Sures, 2004; Leite et al., 2017; Sures
et al,, 2017). Yepes 3naTHiCTh MapasuTa 10 Oi0aKyMyJILi BAKKIAX Me-
TaliB y CBOil CUCTEMI BOHM MOXKYTb CITy>XUTH ITOTCHIIHHIMH MOKa3-
HHKaMH SIKOCTI HaBKOJIMIITHBOrO cepenouiiia (Nachev & Sures, 2016;
Vidal-Martinez & Wunderlich, 2017). Axantouedani — HaiOUIbLI
BHBYCHA IPYTIa NAPA3HTIB Y BOJHUX €KOTOKCHUKOJIOTTYHHX JIOCITIHKeH-
msix (Sures et al., 1997; Podolska et al., 2016). [IpeacraBaukn iHIIIX
BUJIIB TeJIEMIHTIB BUBYCHI MEHITIOIO MipOIO.

Tomy Mera i€l cTaTTi — BU3HAYUTH BMIiCT TOKCHYHIX €JIEMEHTIB y
TICYIHIII BEJIMKOI pOraToi Xy100H 3a (hacIlioNbo3y Ta JUKPOLIEITio3y.

Marepian i MeToIU JOC/TKEHD

JocnimxeHHs npoBomy Ha 6a3i PerioHanbHOT aepykaBHOT J1abo-
patopii BeteprHapHOi MeauIHA B [lonTaBehKii 00macTi, sika akpeam-
ToBaHa HarlioHansHIM areHTcTBOM 3 akpeauTamii Ykpainu (HAAY).
Ha m’sicokomGiHaTi Binibpano 3pasku nevinke (n = 30) Bi 3M0POBIX
KOpIB YOPHO-PsI001 OPOIM Ta ypakeHHX F. hepatica Ta D. lanceatum.
Bik Benmkoi poratoi XynoOu cTaHOBHMB 6—8 pOKiB. 3pasky HeraiHo
OXOJIOIDKYBAJIH, TPAHCIIOPTYBAIM y JIA00OPATOPI0 Ta JI0 NOJAIBILIONO
aHayi3y 30epirau 3a temneparypu —20 °C.

Bwmicr Mizti, HHHKY, Ka/iMit0, CBHHLIIO, 3a1i3a, KOOAIbTy Ta MapraH-
LIF0 BU3HAYAIM METOZIOM aTOMHO-a0COPOLIHHOI CIIeKTpOMeTpii 3 aTo-
MI3aIli€r0 y TOMyM’i aToMHO-a0copOLiHOro criekTpodoTomeTpa Vari-
an AA 240-FS (FOCT 30178-96). PiBer» MuIr’sIKy BU3Ha9aiIH 3a JI0-
niomororo crekrpodoromerpa Cary 50 Ta (hoToeneKTpoKoIopUMeTpa
KOK-2 (I'OCT 26930-86). KoHIteHTpallito pTyTi BU3HAYAIH 3a J0TO0-
Moroto anamizaropa pryti DMA-80 (EPA Method 7473 “Mercury in
solids and solutions by thermal decomposition amalgamation, and ato-
mic absorbtion spectrophotometry” & ISO 11212-2:1997(E) Part 2
“Determination of mercury content by atomic absorbtion spectromet-
1y”’). [paHUYHO OMyCTUMIMIT BMICT TOKCHYHHX €IEMEHTIB Y35TO 3Til-
HO 3 Haka3oM JlepXkaBHOro JernapTaMeHTy BETEpHHApPHOI MEAULIMHU
Ne 107 Bin 27.09.2004 poxy.

CraTucTHYHE ONpAIOBAHHS OTPHMAHKX Pe3yJIbTaTiB POBOIUIH
3 BUKOpHCTaHHsM Tporpamu Statistica 10 (StatSoft Inc., USA, 2011).
Vi napaMerpy po3nISaM SIK HellapaMeTPHYHI J]aHi, BUPOKAIH SIK
cepenHe 3Ha4eHHs + SE (cTanmaptHa nommika). [l nomapHoro mo-
PIBHSIHHST Pe3yJIbTaTiB BUKOPUCTOBYBaIM Kputepii MaxHa — YiTHi.
3HaYyIIMMI BBKAJIA BiIMIHHOCTI MK TIOKa3HUKaMH Y TpyTax 3a P <
0,05. Koedimient xopessii CripmeHa (1) 3CTOCOBYBAIIH ISl BU3HA-
YEHHS 3aISKHOCTI MDK 3MIHHHUMH: IHTEHCHBHICTIO iHBa3il Ta KOHLICH-
TPALSIMH MIKPOEJIEMEHTIB y TIEeYiHIT.

PesysibTatn

VeranopieHo KoHLeHTpatlii xiMiuaux enemenTtis (Pb, Cd, Cu, As,
Zn, Hg, Fe, Co, Mn) y nocmimkeHHX 3pa3Kax MediHKH BETHKOi poraroi
xyno6u. [Ipoanani3oBaHO BMICT IIMX METAIIB Y TICHiHIIl areIbMiHTHIX
TBapHH 1 ypaxkeHHX (aciiionamu Ta IuKponerisiMia. KoHreHTparis
MMII'SIKy Ta PTyTi B YCIX JOCIIIHHX 3pa3Kax He NEepeBUIIyBajIa Ipa-
HUYHO JIOMYCTHUMi HOPMH Ta HE MaJia JIOCTOBIpHOI pi3HuIl. BcraHoB-
JICHO TIEPEBHILICHHS BMICTY Mifli Y 370pOBUX TBapuH (27,3 £ 5,0 Mr/kr)
TMOPIBHSHO 3 TPAHUYHO JIOMYCTHMOKO KOHLICHTPALYEIO, 10 CBIIIMIO
PO HaZIMIPHE HOT0 HAIXOMKEHHS 3 KOPMOM. 3a Iapa3suTyBaHHS Tpe-
MATOJI KOHIEHTpALlisi Mili Y MediHIli JOCTOBIPHO 3HIKyBaacs. i pi-
BEHP y JIOCII/DKEHUX 3pa3kax 3a HAsSBHOCTI (acIiion cTaHoBUB 6,82 +
0,29 Mr/kr, a 3a muKporerniosy — 3,90 + 0,25 mr/kr (P < 0,0001).

OneprkaHi pe3yJIbTaTH CBiTY4ATh, 0 BMICT CBHHIIFO HE TICPCBHIILY-
BaB IPAHMYHO JIOMYCTHMIi KOHIICHTpALii B yCiX mpobax. Y mediHi 3a
BIJICYTHOCTI 30y/THUKIB [apa3UTapHIX XBOPOO HOro KOHIICHTPALIisI CTa-
Hosia 0,19 = 0,01, Toxi sik B oprasi 3a ypaskeHrst haciioniamMu csrana
0,23 £ 001 mr/kr. Crig 3a3HaunTH, MO 33 YPOKCHHS [EYiHKA

JIAKPOLICITISIME, HABIAKH, PCECTPYBATH 3HIKECHHS BMicTy Pb 110 0,14 +
0,01 (P< 0,004) nopiBHsiHO 3 KOHTpOsieM. KoHIIGHTpallisl KaaMito y
nedyinii 3noposux TBapuH (rpyna H) cxmama 0,122 + 0,006 mr/kr, y
xBopux Ha (hacrionso3 (rpymna F) — 0,057 + 0,007 mr/xr (P < 0,0002),
Ha uKporenios (rpyma D) — 0,037 + 0,003 mr/kr (P < 0,0001). V 3paz-
Kax OpraHa areJIbMiHTHOI BEJIUKOi poratoi Xy00H BMICT IIHKY CTaHO-
BUB 94,3 + 2,5 Mr/kr. Y XBOpHX Ha (DacIiionso3 i UKPOLENios XKy HHIX
nel mokasHuk poctoBipHo (P < 0,0001) 3mmkyBasest (35,8 + 1,9 ta
41,9 + 2,2 mr/kr, BiImoBinHO). BMicT 3aimi3a TakoX 3MEHIIYBaBCS y
JpYTiil Ta TpeTiii rpymi: KOHLEHTpalis LbOro eaeMenta y rpymi F
cknana 34,2 + 2,1 mr/kr (P < 0,0001), a y rpyni D — 52,6 + 0,6 mr/r,
THOPIBHSHO 3 TTOKa3HUKOM KOHTPOJIBHOI rpyri — 55,9 + 1.4 mr/kr (puc. 1).

TaxuM 9MHOM, KOHIIGHTpALiS Y TEHiHI KaaMiko, Mifi, [IFHKY Ta
3aJ1i3a 32 ypaKeHHS TpeMaToaMy HIDKYa, HDK Y KOHTPOJIBHII TpyTIi.
Kpim nepepaxoBaHHX €NEMEHTIB, JOCTOBIPHO 3HIDKYETBCS Y Ipymi D
TAKOXK BMICT CBHHITIO. 32 Pe3yJIbTaTaMH JOCIIDKEHb (Tl 1), y me-
YiHI[ BEJIUKOI POraTol Xy1001, ypakeHoi (aciiioaMu Ta JAKPOIICITis-
MH, BiIOYJIOCS JIOCTOBIPHE BITHOCHO KOHTPOJIBHOI MPYITH ITi/IBUIICHHS
KoHIeHTpaii kobamsty mo 0,103 + 0,015 (P < 0,1) ta 0,143 +
0,009 mr/kr (P < 0,0001) Ta Mapranigo 1o 2,547 + 0,160 (P <0,004) Ta
2,210 £ 0,078 mr/kr (P < 0,100). BmicT koOanbsTy Ta MapraHIio y 1ie-
YiHII 30OpPOBHX TBAapHUH CTAHOBUB, BimmosimHo, 0,049 + 0,009 Ta
1,951 + 0,060 mr/kr.

Taommus 1
O1iHKa Pi3HUII MOKA3HUKIB MK TBOMA BUOIpKaMU
3a nopiBrsHHs rpyn H ta F 1 H ta D(n = 10, U-tect Manna — VitHi)

JHocniz- Z-3HAYEHH 3a P value za z-3HayeHHs13a P value3sa
XKyBaHi ~ HODIBHAHHATPYI IOpIBHSHHSA  MODIBHSAHHA  IODIBHSHHS
€JIEMEHTH HrtaF rpyn HtaF  rpynHtaD  rpynHTaD
Pb —1,58745 0,1124 2,8725 0,0040
Cd 3,6662 0,0002 3,7418 0,0001
Cu 3,7418 0,0001 3,7418 0,0001
Zn 3,7418 0,0001 3,7418 0,0001
Hg 3,7418 0,0001 -1,8142 0,0696
Fe 3,7418 0,0001 1,8142 0,0696
Co —2,5323 0,0113 —-3,7418 0,0001
Mn —2,8725 0,0040 —2,4945 0,0126

V nediHLi 300POBUX TBAPUH PAHKYBAIBHUIA S 3 PIBHEM XiMid-
HUX EJIeMEHTIB MPEe/ICTaBIeHNH TakuM diHoM: Zn > Fe > Cu ta Mn >
Pb > Cd > Co y cniBBimHomensi 3,45 : 2,05 : 1,00 i 39,82 : 3,96 :
2,49 : 1,00, BimmoBigHO. Y IOCIIHKYBaHOMY OpraHi CIIOCTEpiraiy BU-
COKHI1 BMICT IIMHKY Ta HU3bKHI1 — koOansTy. KoHneHTpartito apceHy Ta
pTyTi He Opaiy 10 yBaru, OCKUIBKH Iii TIOKA3HUKHU B YCIX JOCIITHIX
3paskax JIOCTOBIPHO HE KOPETIOBATH. Pa3oM i3 ITiM, BMIiCT TOKCHYHHX
€JIEMEHTIB y TIeHiHIIi BEJIMKOI poratoi XyJoOH, ypakeHii (acrionamu,
MOYKHA HAaBECTH Y BUIVIl CHAJHNX PAHKyBaIbHUX psidiB: Zn > Fe >
Cu y criBBiomenHi 5,23 : 5,02 : 1,00 Ta Mn > Pb > Co > Cd — 44,68 :
3,96 : 1,81 : 1,00. Y mediHIIi KOpiB, ypaxkeHHX 30y IHIKOM JUKPOLIEITiO-
3y, PAaHKyBIBHHI ST MaB iHIIY TOCTIIOBHICTE: Fe > Zn > Cu ta Mn
> Co > Pb > Cd, 3 Takum cmiBBigromennsM: 13,49 : 10,75 : 1,00 ta
59,73 :3,86:3,73 : 1,00.

InrencuBHicTh daciionbo3Hoi iHBazii (II) B cepenHpoMy cTaHOBH-
na 434 £+ 641 ex3./ron. (min—max: 19-74). Y rpyni D, BinnogimHo,
11=42,6 % 6,5 ex3./ron. (min—max: 16-87).

[TimpaxyHok koedilieHTa KOpeIiiLlii XiMIYHIX eIEeMEHTIB MiITBep-
IIMB BUCOKY 3aJIXKHICTb BMICTy Mifi, IIMHKY, KOOAJIBTY Ta MapraHIro
BiJl iHTEHCHBHOCTI (pacIionb03HOI iHBA3ii Ta KUTBKOCTI Mijli Ta IIUHKY —
BiJ] TMKPOLIEITIO3HOT (Ta0u. 2). Y CTaHOBJIEHO TAKOX, IO KOHIIGHTPAIIist
CBHHIIIO Majla BHCOKY NPsIMy KOPEJIILIHY 3aIeXKHICTh BiJ| IHTEHCHB-
HocTi (acnionso3noi (P < 0,05) Ta BHCOKy 00epHEHy — Bijt IHTEHCHB-
HocTi aukporieniosHoi iHBasii (P < 0,05). PiBeHp KaMit0 MO3UTHBHO
KOPEJIIOBAB 13 IIPHCYTHICTIO TpeMaTox poay Fasciola, HeratnBHO — 32
JIMKpOLIEITiH, aie He MaB JIOCTOBIPHOI 3aeXXHOCTI. BMicT kobanbTy Ta
MapraHiio 3aIe)XaB JIMIIE Bill IHTEHCHBHOCTI (hacIiioNbo3HOI iHBa3il 3
HaiiBHIMHK Koedirieatamu koperswii (P < 0,05).

Sk BuIHO 3 TAOmmi 2, KoeillieHTH KOpEsLlii KOHIICHTpaLlil pTyTi
y neqinni TBapuH rpyn F i D e maim nocrosiproi pizammi. [Tokas-
HHKY BMICTY IIMHKY MaJTi BUCOKY OOEpHEHY KOpEIILIIIHY 3aJIe)KHICTD
Bi iHTeHcHBHOCTI (actionso3Hol (P < 0,05) Ta mukporieniostoi (P <
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0,05) inBaziit. KoHueHTpartist Mizi 00epHEHO 3ajexaia Bil MPUCYTHO-
cti dacrion (P < 0,05) Ta aukporieniit (P < 0,05). Bmicr 3ami3a mocto-
BIPHO He KOPEJTIOBAB 3 [IOKA3HUKAMH YPAXKEHHS TPEMATOJAMH.
ITpoBeneHi JOCTIDKEHHS CBIMYaTh, IO NapasUTyBaHHs (acrior
JIOCTOBIPHO TIBHIILY€E Y TIEHiHIII TBAPUH PIiBEHb CBUHIIO, KOOAIBTY Ta
Maprasiifo, MO3UTHBHO KOPEIFOIOUH 3 IHTCHCHBHICTIO 1HBa3i{; 3HIDKYE
BIPOTITHO KOHLICHTPAIIIFO MiJli Ta IIMHKY 3 BUCOKOIO OOCPHEHOIO KOpe-
JISITIHOIO 3aJISKHICTIO BiJl IHTCHCHBHOCTI 1HBa3ii. BeTaHOBIIEHO 00€p-
HEHO JIOCTOBIPHHUIA KOPEJISLIIAHMIA 3B’ 130K MK YMICTOM CBHHIIFO, MiJIi,
LIMHKY Ta TIOKa3HUKOM KUTBKOCT] AMKPOLIEIH Y MeYiHIli XBOPUX TBAPHH.

Taommns 2
Kopermstist Mk IHTEHCHBHICTIO TPEMATOI03HUX HBa3iH
Ta BMICTOM XIMIYHHX €JIEMEHTIB

I'pym,n= 10 Pb Cd Cu 7Zn Hg Fe Co Mn
Koediuent kopensttil 704 6 _0.85%0.70% 053 —0.54 091% 0,79
(t) rpym
Koediuient kopensttil >4 47 0 g1% 0.84% 042 024 059 025
(ty) rpyma D

Tpumimka: * —P <0,05.

O0roBopeHHs1

Mu JTociim BMICT XIMIYHIIX €JTEMEHTIB Y TIeHiHIl BEJIMKOI pora-
TOT XyZI0OH, YparKeHOT 30y THUKAMH (acIioNbo3y Ta JUKPOLIEITio3y, Ha
Teputopil [lonraBcekoi oOmacTi (LEHTpaibHA YacTHUHA YKpaiHH).
BusiBnieHO pi3Hi KOHIICHTpAITii MiKPOCIEMEHTIB, BAYKKHAX METAIB 1 TOK-
CHYHHX €JIMEHTIB Y JIOCIIIHUX 3pa3kax. [IopiBHIO0UM TX BMICT y Iie-
YiHIIl 370POBHX Ta iHBA30BAHHX TPEMAaTOJAMHU TBApHUH, YCTAHOBUIIH,
110 PiBEHb MiHEPATFHUX €IEMEHTIB Y IOCITHKYBaHOMY OpTaHi 3MiHFO-
BaBCS 3a MPHUCYTHOCTI MapasuTiB. BomHoUac KOHLIEHTparis apceHy Ta
PTYTi B yCIX JOCIIIHHX 3pa3kax He IEpPeBHIyBaIa TPAHIIHO JOITyC-
THMi HOPMHU.

Cepen METAITIB, 1110 BITHOCHO PIBHOMIPHO PO3HOUISIOTECS B Op-
TaHI3Mi, 3a3BIYail PeECTPYETHCS HAMBHUIIMIA X BMICT B OpraHax, Jie 30-
CepeDKeHi iHTeHCHBHI GIOXIMIYHI MpPOLECH: Y TIeUiHII, 3a/103aX BHYT-
pitsboi cexperti, Hupkax (Lopez-Alonso et al., 2000; Suttle, 2010;
Nwude et al., 2011). Jocnimxauku noBinomsiots (Jarzynska & Falan-
dysz, 2011), 1m0 TeUiHKy CITiA PO3MIIIATH SIK TOTYXKHE JHKEPEIIO TAKIX
MikpoeneMeHTiB, sk Co, Cr, Cu, Mo, Mn, Se i Zn, siki HAKONNYYFOTBCS
B OpTraHi3Mi KyHHIX TBapHH y MeKax TPO(hiTHOTO JIAHIFOTa.

ABTOpH HaroJOLIYIOTb, L0 ME4iHKa BEJIUKOI POraToi Xy100H CTae
MOTCHIIHO HEOE3MEUHUM OpraHoOM IS 37I0POB’S JIFOJICH Y pasi aKy-
MyJIL{T B HOMY B&KKUX MeTaniB. KpiM Toro, HaykoBIli 3a3HA4al0Th,
1110 BUSIBJICHHSI KOHLICHTpAL OJIHOrO METaTy MOXKE CBIIYHTH PO Pi-
BeHb HakonmyeHHs inmoro (Nwude et al., 2011). Ha gymKy HaykoOBLiB,
TIeYiHKa aKyMyJTFO€ MAKCUMAJIbHY KUTBKICTh TAKHMX MIKPOEEMEHTIB SIK
Cu, Mn i Md, ToMy Tl BUKOPHCTOBYIOTh SIK OpraH-MIllIeHb U BUSIB-
nernst 1px MetaniB (Oymak et al., 2017). ITpo BOKmBICTS HOCITIDKEHHSL
TIeYiHKH Ta HUPOK Y TBApUH Ha BMICT €JIEMEHTIB 33Ul OLHIOBAHHS 3a-
OpYTHCHHST HABKOJMIITHBOTO CEPEIOBHITIA TIOBIIOMIISIE HU3KA JOCITITHI-
kiB (Paflack et al., 2014; Lopez-Alonso et al., 2017). ABTopr peKoMeHTy-
0Th BU3HAYATH B X opranax St, Ba, Cd, Cu, Zn, Mn, Cr, Sb, Se Ta Pb.

Pesynbratit HamIX JOCTIDKEHb CBiMYaTh, WO MPHCYTHICTH
(hacItion JOCTOBIPHO MiBUIIYE BMICT KOOAIBTY Y TICUIHII TBApHH HA
52,4%. lle TONOKEHHS MiATBEPIKYIOTh IHIN aBTOPU. 30KpEMa,
POCIfCBKI JIOCHITHUKH y XBOPUX HA OICTOPXO3 JIFOJCH BHSBILUIA
TTIBHIICHE HAKOIMIYCHHS y TKAHWHAX TICYiHKH XPOMY, PTYTi, IIE3if0,
nanTany Ta kobaneTy (II’inskikh et al., 2006). Ilin yac mocrmimkeHHS
KOPMOBHX JI00ABOK Yy IIypiB, ypakeHHX (HacIiioNamu, JOCIiTHUKA
BCTAHOBHIIH, 110 PiBHI MapraHiffo Ta KOOIbTy y MEUiHIl CYTTEBO HE
3MIHIOIOTHCS 1 3aNIekaTh Bi JOpMHU 3aXBOPIOBAHHSL: 32 FOCTPOI CTaii
KUTBKICT MapraHIio Ii/IBUIIyBalach, a 332 XPOHIYHOI — HE3HAYHO
sHmKyBaachk (Tsocheva-Gaitandjieva et al., 2002). Lle 30iraerscs 3
Ppe3yJbTaTaMK HAIMX JOCIIDKCHb, SIKUMU BCTAHOBJICHO, L0 PIiBEHb
MapraHIo, Malo4Yy TO3UTHUBHY KOPEJMIIIO 3 IHTCHCHBHICTIO iHBA3il,
MIJIBUINYBaBCS Y XBOpHX Ha (acmionso3 Ha 23,4%. Bommouac y
TBApUH, YPOKESHHUX JUKPOLCIISIMY, BMICT MAPraHIf0 Ta KOOAIBTY He

MaB KOPEJBILIHHOT 3aJIe)KHOCTI. 3MIHH BMICTY KOOQJIBTY, MiJli, LIMHKY Ta
MArHifo BiIMIiYaIM TyperpKi BUCHI Y JiTeH, XBOPHX Ha JIIMOMIO3 i
enrepo0io3 (Culha & Sangin, 2007).

ITpoBerneHi HaMHU JIOCITHKESHHS TAKO)K BCTAHOBUJIH, 110 TIAPa3HTY-
BaHHS (acIioN CIPUSIIO JOCTOBIPHOMY 3HVKESHHIO KOHIICHTpAILTI 3aTi-
3ay nediHmi TBaprH 110 34,2 & 2,1 MI/Kr, MatouH BUCOKY OOCpHEHY KO-
PeISIIiiHy 3aJICKHICTh Bl IHTCHCHBHOCTI iHBa3ii. [HIIN mOCITITHIKI
TAKOXX MOBIIOMIITIOTE PO 3MEHIIICHHST PIBHS 3aJ1i3a Y CHPOBATII KPOBi
XBOpHX Ha (acitionso3 TeapuH (Lotfollahzadeh et al., 2008). ITpo kope-
JBILIHY 3aJIeXKHICTh BMICTY MIKPOEJIEMEHTIB Y TKaHHHAX OpraHi3My Ta
cuposartku kposi nosinomssie Petukhova (2013), 1o cBimuuth 1mpo Bu-
COKY iH()OPMATHBHICTB PIBHSI MIKPOCJIEMEHTIB y MIEUiHIIi TBAPHH.

Minguez et al. (2011) 3a3Ha4aroTh, 0 aHAJTI3 KOHIEHTPAIIi MiK-
poernieMeHTIB y 0e3XpeOeTHHX B OKPEMHUX EKOCHCTEMAX MOXKE CITyTyBa-
TH IHMKATOPOM 3a0pyTHEHHS HABKOJIMIITHEOTO cepezioBallia. [ Ha-
YKOBIII JIOBOJISITh, IO TIAPA3UTH XPEOCTHUX OPraHi3MIB HAKOITIYIOTh
MIKPOEJIEMEHTH 3 HaBKOJMIIHBOIO cepenoBuia. OTke, TOCIiDKEHHS
BMICTY MIKPOEJIEMEHTIB y TX TKAHMHAX MOJKE CBITYMTH PO PIBEHB 3a-
OpyIHEHHs TOro periony, ne nepeOysana Tapuna (Nachev & Sures,
2016). 3a manumu Suleyman et al. (2006), enementH, Mo OepyTb
y4acTh B OOMIHHHX MpOLecax OpraHisMy — marHiii (Mg), ImHK (Zn),
minp (Cu) — 3maTHi HakormayBatucs y F. hepatica ta D. dendriticum.

3riHO 3 HAIMMU JOCIIPKCHHSMH, TIPUCYTHICTB (AcIIion JI0CTO-
BIPHO 3HIDKYE PIBEHb KyIIpyMy Y TICHiHIli XBOPUX TBApHH YUETBEPO, 32
JIAKPOIICITIO3y — YCeMepO TIOPIBHSHO 3 areyIbMIHTHUMH TBaprHamu (P <
0,0001). [rrui aBTOpH MOAIOHY TEHICHIIIO MOSICHEOIOTH HAKOTIMYCHHSIM
MiJli, IIMHKY Ta 3aJ1i3a CAMMMH TeJIbMIHTaMU. [paHChKi JOCIITHUKHY Ha-
BOJSITH [1aHi 010 aKyMyJISILil Mizli (haciionamu, TOMY L€ Ja€ MOMITU-
BICTb BUKOPHCTaHHS TpeMaToau poay Fasciola sk MapkepiB 3a0pya-
HEHHsI HABKOJIMIITHBOTO CepeIoBHIIa BakkiMy Metasami (Lotfy et al.,
2013). Y Toif e yac aBTOpH 3a3HAYAIOTh, 110 KOC(IIIEHT OIOKOHIICH-
Tpawii mMigi y D. lanceatum HaiBuImii cepen MOPIBHIOBAHUX BHJIB
TPEMAaToI, IO Y3rOHKYETHCS HAIIMMK JTAHUMH, OCKUTBKH BMICT KyTI-
pyMy y HediHIli XBOPHX Ha JUKpoLenio3 OyB MiHIMaibHUM. [Ipo Te,
1o F. gigantica — xopoumii 6i0aKyMyJsITOp Mifi Ta LMHKY, TIOBIIOM-
ns0Th Acosta et al. (2017).

Haummu 10ocsTipkeHHsIMA BCTAHOBJICHO, 110 PIBEHb LIMHKY, Maro-
Y91 BACOKY OOEpHEHY KOpEIBILIHHY 3a1exHicTb (1, ——0,70 Ta—0,84, P <
0,05) Big iHTeHCHMBHOCTI (DacIioNBO3HOI Ta JUKPOLETIO3HOI 1HBA3ii,
craHoBHB 35,77 £ 1,93 Ta 41,91 + 2,22 Mr/kT, 110 3HAYHO HWKYE, HDK Y
3n0poBux TBapuH (94,28 + 2,49 mr/kr). BpaxoByroun nymMKy HaBere-
HUX aBTOPIB, MOKHA CTBEP/DKYBATH, 10 TPEMATOAH JI00pe HAKOIIHIY-
1o1h 1 1uHK (Lotfy et al., 2013; Acosta et al., 2017).

IMpoBeneno misky nociimpkenb (Nachev et al., 2013), B sikux Bu-
BUCHO, 1110 KHIIKOBI MAPa3HTH HAKOMHMYYIOTh B OCHOBHOMY TOKCHYHI
eneMeHTH (KaaMil, apceH, CBIHEIIb), 2 TKAHWHHI — OCHOBHI 0i0JIOTTIHO
BKJIMBI UL OpPraHisMy TBapuH (Mimb, 34130, celeH Ta HHHK). [la-
Pa3HTH UTyHKOBO-KHIIIKOBOIO KaHAILy KOHKYPYIOTb 3a [IOKUBHI peyo-
BHHH Ta METAIM 3 HABKOJIMIIHIMU TKAHUHAMH, MOYKIIUBO B Pe3yJIbTarti
HIepEpUBAHHS EHTEPOTeNaTHIHOrO IMKITy. MeTaiy, OB s3aHl 3 KOB-
Y0, TIONTHHAKOTECS B KMINICYHUKY TeIBMIHTAMH 1 HE JIOCTYIIHI IS pe-
abcopOuii kueunrkoM (Thielen et al., 2004). 3okpema, Typerbki Bue-
Hi BCTAHOBHUTH, 1110 32 [apa3UTyBaHHs! KHIIKOBHX HEMATOA Y JPIOHHX
JKyWHHX Y CHPOBATIIi KPOBI KOHLICHTPALIiSI MAPTaHIIEO Ta 3a71i3a HIDKYa
3a HOpMY, @ BMICT IIMHKY Ta KaJbliil0 mepedyBaB Ha HIDKHIA (izio-
JIOTIYHIA Mexi. Y TOH jKe Yac KUTBKICTh KaJIMIilO ITiBHUIIyBAIacs Ta
MaJla TIO3UTHBHY KOpEJIIio 3 iHTeHcuBHicTro iHBasil (Unubol Aypak
etal, 2016).

3a mannmu Brazova et al. (2015), BMIiCT MIKPOEJIEMEHTIB y TKaHH-
Hax Mapa3uTa Ta ToCHozaps 3aIeKUTh Bifl XapakTepy (MOHO- UM IOJIi-)
Ta IHTCHCUBHOCTI 1HBa3ii. [HILI JOCITI THNKY 323HAYAI0Th, 1110 Gi0aKyMy-
TSI TIApasATaMH MIKPOGJIEMEHTIB 3aJIeKUTh Bill BUIOY MeETAly Ta
renpMiHTa. 30KkpeMa, Lotfy et al. (2013) 3a3Ha4aroTh, Mo KoedilieHT
Giotparcdopmarnii xpoMy repeOyBaB Ha BUILOMY piBHI y F. hepatica, a
HKY — y F. gigantica. T1in 4ac 1OCHIDKEHB TOJOBHSI €BPOIEHCEKOTO
konrtenTparti Cu, Mn, Ag, Cd, Pb Manu BuIlli 3HAYCHHSI Y KHIIIKOBHX
TIApA3UTIB, HOPIBHSHO i3 TKAHMHAMH [ITYHKOBO-KHIIIKOBOIO KAHAIY, a
piBHi MeraniB Fe ta Zn Gynu Hok4auMu y niapasuTi Bimosiaso (Mari-
ji¢ et al., 2013). Pi3i npoditi HAKOMUYCHHST BAYKKHMX METAITB TeJIbMiH-
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TaMHM BYCHI OB’ A3YOTh 31 CHeU(IYHICTIO MiKpOOioTiB, MOpGhooriero

KYTHKYJIU Ta MDKBHZIOBOFO KOHKYpeHLi€to. HakonmieHHs! BaKKHX Me- etal., 2014; Nachev & Sures, 2016).
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TIpo GioakyMmyJisLil0 METaIiB Y TKAHMHAX TeJIBMIHTIB TOBiIOMIII-
10Th Takok Sures et al. (1998), sixi BuByam HakormueHHs Pb it Cd y
F. hepatica. 3a nannmu Sures et al. (1998), siki BuByamu xoedirieHT
6i0aKyMyJISILIi CBHHITIO Ta Ka/IMit0, BCTAHOBJICHO OUTBLIY 3/1aTHICTB 10
HaKOIIMYeHH: came F. hepatica. BOHM BKa3yroTh, III0 MApUTH TpeMa-
TOJI HAKOTTMYYBAJIM CBUHELIb /10 KOHILICHTpaLlii, 110 3HAYHO [EPEBHUILTY-
BaJIa TaKy y M’sI3aX, HUpKaXx 1 MeYiHIli CIOHTAHHO 3apKSHHX TBapHH.
Pospaxopanmit Hamu Koe(illEHT KOpEJsilii MDK IHTCHCHBHICTIO
(aciionbo3HOT iHBa3il Ta PiBHEM CBUHIO CTaHOBHB (I, — 0,76, P <
0,05), 1110 CBITYIIIO PO BUCOKY MO3UTHBHY 3aJICKHICTh. Y TOH K€ Yac,
32 INapasUTYBaHHS [MKPOLENIH, 3apeecCTpPOBAHO BUCOKY OOCPHEHY
KopersiLiiiHy 3anexHicts Mk 11 ta Bmictom Pb (1, — —0,72, P < 0,05).
Pi3HuIIO MK HAIIMMK pe3yJIbTaTaMH Ta Pe3yJIbTaTaMH aBTOPIB MOXK-
Ha TIOSICHATH BiTHOCHO HEBEJIMKUM PO3MIPOM BHOIPKU (HemapameT-
PpYUHI 1aHi).

Pazom i3 M, Sures et al. (1998) moBoOIATE, WO cepel BAKKUX
MeTauiB, caMe BMICT KaJIMil0 BHIIMI Y TKAHMHAX BEJIMKOI POraroi Xy-
Jo0M, arie HIDKYNH y TapasuTa. AHaIOTYHI Pe3yJIbTaTH OTPUMAHO ITijT
Yac HaIIMX JOCIIDKEHb. Y CTAHOBJICHO HHU3bKY KOHIICHTPALIO Ka/IMil0
y TIeUiHI XBOPHX Ha (aciiionbo3 i AMKPOLIEITio3 TBAPUH MOPIBHSHO 3
KOHTpOIBHOFO rpymoro (P < 0,0002; P < 0,0001). Irmi Baykki MeTamix
HE BHSIBIUIM KOPEJHLIAHOI 3aJISKHOCTI Bifl IHTEHCHBHOCTI YPayKCHHS
TPEMaTO/IAMH.

BucHoBku

3’icOBaHO CepelHi MOKA3HUKH KOHLICHTpALl IESKUX XiMIYHHX
€JIEMEHTIB Y TISHiHII 370pOBOi BENMKOI poraroi xyaoou. Pomozmin xi-
MIYHHX €TIEMEHTIB 32 BMICTOM B areJIbMIHTHUX TBApUH MOYKHA HABECTH
Y BUIVISII CTIATHOTO PARKYBATIBHOTO psiny Zn > Fe > Cu > Mn > Pb >
Cd > Co. JloBeneHo, 110 HasBHICTb TPEMATO BHKJIMKAE TIEPepO3HOALT
XIMIYHHUX €JIEMCHTIB y TKAHHHAX TIEYiHKY. 3a IapasuTyBaHHs (aciiorn
y TKaHHMHI TEYiHKK JIOCTOBIPHO INiJIBHILY€THCS PIBEHb KOOAIBTY Ta
MapraHifro, HO3UTHBHO KOPEITFOIOUH 3 IHTCHCUBHICTIO iHBa3ii. [e cBin-
YUTh MPO BIJICYTHICTH BIUIMBY Ha OOMIH Ta 0i0aKyMYJIAL{IO TeIbMiH-
TaMH LHX efieMeHTiB. [IprcyTHICTB (aciiion i JUKpOLerii B opraHi3mi
BEJIMKOI pOraroi XyZoOW JIOCTOBIPHO 3HIDKYE PIBEHb Mifli Ta LIHHKY,
MalOuX BUCOKY OOCpHEHY KOPETLIHHY 3aJIeKHICTh Bi/l iHTEHCUBHOCTI
iHBa3il, BKa3ylOUd THM CaMHM Ha MOXIMBICTh HAKONWYEHHS IX
TPEMATO/IAMH.

Mu BHCIIOBIIIOEMO CIIOBA BITIHOCTI O(iliHOMY JIKapio BETePHHAPHOI Me-
quuuHy y lonrasepkiit oonmacti C. M. KaHiBiro 3a 1onoMory y BigOupaHHi
3pasKiB UL JOCII/DKEHB 1 3aBiqyBauy XiMiKO-TOKCHKOJIOTIYHOTO BiIUILTY,
3aCTYIHUKY JupekTopa PerionanbHoi nepixaBHOI 1ab0paTopii BeTepUHAPHOT
Memmiman 'y IlonraBcbkili oOnacTi, JiKapro BETEPUHAPHOI MEULIMHU
0. O. Icaegiii 3a 10MOMOTY Y BUKOHAHHI JIOCITiIKEHb.
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Introduction

Bondarenko, L. B., Gorchakova, N. O., Golembiovska, O. L, & Galkin, O. Y. (2018). Promising new fixed combina-
tion for the treatment of diseases of the hepatobiliar system: Substantiation of pharmacotherapeutic properties and
pharmaceutical quality profile. Regulatory Mechanisms in Biosystems, 9(1), 23—40. doi: 10.15421/021804

In this review article an analysis of literature data on the pharmacological and clinical study of a fixed combination
of medicinal substances (artichoke leaf extract, ursodeoxycholic acid, taurine, and Angelica sinensis roots extract), as
well a scientific substantiation of the pharmaceutical quality profile of the corresponding finished solid dosage form has
been conducted. Chronic diseases of the hepatobiliary system are some of the most common human diseases and
inferior only to atherosclerosis . The fact that cholecystectomy is the most common surgical operation in the abdominal
organs is evidenced by the widespread distribution of the pathology of the biliary system. The fact that there is an
increasing number of diagnoses of cholelithiasis in children and infants is a cause for concern. Diseases of the biliary
system are closely related to violations of the functional state of the liver. Synthesis of cholesterol supplemented bile
with reduced bile acid content significantly increases the risk of gallstones, as well as gallbladder cholesterol. We have
substantiated that the developed preparation is a fixed combination of medicinal substances with well-researched
medical applications in the treatment of dyspeptic disorders with functional disorders of the biliary system, biliary
dyskinesia of the hypokinetic type, and gastritis with reflux of bile. Each of the components of the fixed combination
has an important influence on the human hepatobiliary system. The effect of ursodeoxycholic acid is due to the relative
replacement of lipophilic toxic bile acids, improving the secretory capacity of hepatocytes and immunoregulatory
processes, which is especially important in liver and cholestatic diseases. Taurine is a synergist of ursodeoxycholic acid,
since it forms biliary conjugates in the liver. The artichoke extract has choleretic, hepatoprotective and diuretic effects,
while the 4. sinensis roots extract demonstrates moderate spasmolytic and anti-inflammatory properties. We conducted
a general description of active pharmaceutical ingredients and a review of biopharmaceutical tests, analyzed relevant
pharmacokinetic and pharmacodynamic studies, and summarized the results of clinical efficacy and safety trials.
Particular attention is paid to the results of clinical studies of the developed fixed combination. It should be noted that
artichoke leaf extract, ursodeoxycholic acid, and taurine are widely used throughout the world in official medicine, at
the same time, A. sinensis roots extract is more widely used in traditional Chinese medicine. The fixed combination has
a favorable safety profile, is investigated in clinical conditions iz vivo both in the form of individual components and in
the form of a single drug. A fixed combination pharmaceutical profile is based on the general requirements for solid
dosage forms, as well as experimentally substantiated specific indicators and research methods.

Keywords: ursodeoxycholic acid; artichoke; taurine; Angelica sinensis; clinical trials; pharmaceutical quality

The fact that cholecystectomy is the most common surgical opera-
tion in the abdominal organs is evidenced by the widespread distribu-

Chronic diseases of the hepatobiliary system are some of the most
common human diseases and inferior only to atherosclerosis only.
According to the WHO, there are more than 2 billion people in the
world who suffer from liver disease, which is 100 times the prevalence
of HIV infection. Over the past 20 years, there has been a clear tendency
towards global increase in the number of patients with hepatobiliary
diseases. There is an increase in the frequency of pathology of the
hepatobiliary system in young patients, in women 47 times more often
than in men. According to WHO experts, every Sth woman and every
10th person in Europe suffers from liver and biliary tract pathologies
(Cong etal, 2011; Beuers et al., 2015).

tion of the pathology of the biliary system. The increasing number of
diagnoses of cholelithiasis in children and infants is a matter for
concern. Diseases of the biliary system are closely related to violations
of the functional state of the liver. Synthesis of cholesterol supplemen-
ted bile with reduced bile acid content significantly increases the risk of
gallstones, as well as gallbladder cholesterol (Ozkardes et al., 2014;
Coats et al., 2015; Tsai et al., 2015; Chhabra et al., 2016).

In recent years, there has been a search for the creation of polyfunc-
tional action drugs. This is due to an increase in the number of patients
with polymorphic pathology. At present, doctors are approached by
patients who have not only one pathology, but several. According to
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modern data, the number of patients who present to their doctor with
polymorbid pathology is about 80%. The causes of polymorbidity are
often the anatomical proximity of the affected organs, the common
pathogenesis, and causal relationship. This is especially true of the
hepatobiliary system, as well as diseases caused by metabolic disorders
such as metabolic syndrome, diabetes mellitus, and atherosclerosis.
The central place in the development of these diseases is the liver — the
main organ of metabolism. Polymorbidity always involves the use of
several media, which leads to polypharmacy, therefore the use of
natural safe agents that have a multifunctional normalizing effect on the
pathogenesis of the disease and allow reducing the use of drugs and
avoiding undesirable effects of polyproagram is advisable (Kim et al.,
2014; Chan et al., 2014; Uvarova el al., 2014; Pallayova et al., 2015;
Tomeno el al., 2015).

As part of previous work the scientific substantiation of the safety
of the pharmaceutical combination of artichoke leaf extract (200 mg),
ursodeoxycholic acid (100 mg), taurine (100 mg), and Angelica sinensis
roots extract (50 mg) was conducted. The following preparation is de-
signed for the treatment of dyspeptic disorders with functional disorders
of the biliary system, biliary dyskinesia of the hypokinetic type, and
gastritis with reflux of bile (Anokhina et al., 2014; Zvyagintseva et al.,
2014; Gorchakova et al., 2017).

The aim of this work was a scientific substantiation of the pharma-
codynamic and pharmacokinetic properties of the fixed combination, as
well as the pharmaceutical profile of the quality of the appropriate
dosage form.

General characteristics of active pharmaceutical ingredients

The proposed pharmaceutical composition is a fixed combination
of drugs with well-studied medical applications.

Ursodeoxycholic acid (UDCA) is one of the native bile acids
synthesized during the normal exchange of bile acids in the human
body. It is an epimer of chenodesoxycholic acid and is a hydrophilic,
non-cytotoxic bile acid. Ursodeoxycholic acid is the least aggressive
bile acid — a natural component of human bile, its content is 1-5% of
the total amount of bile acids in the human body. Applied as a
medicinal product in world medicine for more than 30 years, including
in Ukraine — more than 20 years (Blikhar et al., 2012; Wisher, 2012).

From the beginning, UDCA has been recommended for the
dissolution of gallstones and for the treatment of reflux gastritis, and is
now considered a standard for the treatment of cholestatic liver disease
with an autoimmune component, such as primary biliary cirrhosis
(PBC), primary sclerosing cholangitis cholangitis (PSC), etc. Currently,
in the State Form of Medicines of Ukraine, it refers to the pharmaco-
therapeutic group of drugs used in diseases of the liver and bile ducts;
the ATC code: AOSA A02 (Blikhar et al., 2012; Wisher, 2012).

A small amount of UDCA is constantly contained in human bile.
After oral administration, it reduces bile cholesterol saturation, slowing
down the absorption of cholesterol in the small intestine and reducing
cholesterol secretion into bile. Obviously, as a result of the dissipation of
cholesterol and the formation of liquid crystals, partial dissolution of
cholelithiasis occurs. According to modern concepts, UDCA is believed
to be effective in hepatitis and cholestatic diseases due to the relative
replacement of lipophilic, toxic detoxification toxic bile acids with
hydrophilic cytoprotective non-toxic ursodeoxycholic acid, as well as
the improvement of the secretory capacity of hepatocytes and immuno-
regulation processes (Blikhar et al., 2012; Wisher, 2012). It stabilizes
membranes of hepatocytes and cholangiocytes, has a direct cytoprotec-
tive effect. By reducing the intake of cholesterol in the intestine and
other biochemical effects, it causes hypocholesterolemic effects.
It suppresses the process of cell death, caused by the action of toxic bile
acids. Due to the high polarity of its molecule, UDCA is capable of
producing non-toxic mixed micelles with apolar (toxic) bile acids,
which reduces the ability of gastric refluxes to damage cell membranes
in biliary reflux gastritis and reflux esophagitis. In addition, UDCA
forms dual molecules that can be incorporated into cell membranes,
stabilize them and make them insensitive to the action of cytotoxic
micelles. It reduces the saturation of bile with cholesterol by inhibiting

its absorption in the intestine, inhibiting the synthesis of the liver and
reducing the secretion of bile; increases the solubility of cholesterol in
bile, forming liquid crystals with it; reduces the lithogenic index of bile.
The result is the dissolution of cholesterol gallstones (as a result of
changes in the ratio of cholesterol/bile acids in bile) and preventing the
formation of new concretions (as a result of a decrease in the content of
bile cholesterol). In addition, ursodeoxycholic acid induces cholera,
enriched with bicarbonates, which leads to an increase in the bile
passages and stimulates the excretion of toxic bile acids through the
intestine (Blikhar et al., 2012; Wisher, 2012).

The immune modulating effect of UDCA is due to inhibition of
expression of HLA-antigens on hepatocyte and cholangiocyte membra-
nes, normalization of the natural killer activity of lymphocytes, etc.
UDCA is capable of delaying the progression of fibrosis in patients with
primary biliary cirrhosis, cystic fibrosis and alcoholic steatohepuatitis,
reducing the risk of developing varicose veins in the esophagus (Borum
etal.,, 1990; Cheng et al., 2012; Kotb, 2012; Buko et al., 2014).

The second component of the drug is taurine — sulfonic acid, which
is formed in the body from cysteine amino acid (Blikhar et al., 2012;
Wisher, 2012). Taurine is normally present in small amounts in the
tissues and bile of humans and animals (Tiedemann et al., 1827; van
Stijn et al.,, 2012).

It is synthesized in the body by enzymatic oxidation of the
sulthydryl group of cysteine with the participation of cysteine
deoxygenase to cysteine sulfinic acid:

HSCH,CH(NH,)COOH — HO,SCH,CH(NH,)COOH,
followed by decarboxylation of cysteine sulfic acid in hypotaurine:
HO,SCH,CH(NH,)COOH — HO,SCH,CH,NH,,
and oxidation of hypotaurine in taurine (Sumizu, 1962):
HOzsCHchzNHZ i HO3SCH2CH2NH2

Taurine forms conjugates with bile acids (acylating by bile acids on
the amino group), and the formed conjugates (for example, taurochole
and taurodeoxycholic acids) are part of bile, and, as surfactants, contri-
bute to the emulsion of fats in the intestine. It participates in lipid
metabolism, improves energy and metabolism, stimulates healing with
dystrophic diseases and processes accompanied by significant
metabolic disorders of tissues (Blikhar et al., 2012; Wisher, 2012; van
Stijn et al., 2012). Under conditions of systemic exposure, taurine also
has hepatoprotective, cardiotonic and antihypertensive properties. It is
used in cardiovascular failure, cardiac glycoside poisoning and in type 1
and type 2 diabetes mellitus (Loseva et al., 2010; Gebara et al., 2015;
Gu etal,, 2015; Sagara et al., 2015; Toyoda et al., 2015). Taurine is
often introduced into complex medicinal products. Pharmacotherapeu-
tic group: amino acids; the ATC code: S01X A 21. Like ursodeoxy-
cholic acid, it has been used as a medicinal product in world medicine
for more than 30 years (Blikhar et al., 2012; Wisher, 2012).

In the composition of the drug as the third pharmacologically active
substance is artichoke leaves extract (Cynara cardunculus var. scoly-
mus). A herbal remedy, a pharmacotherapeutic group: agents used in
diseases of the liver and bile ducts; the ATC code: A 05A X 10. Detects
choleretic, diuretic, hepatoprotective and hypolipidemic effects.
Increases bile excretion, promotes excretion of nitrogen-containing
substances (urea, creatinine) and toxins from the body, reduces lipid and
total cholesterol in the blood, and also reduces the feeling of overflow of
the stomach, relieves spasm. Pharmacological effect is caused by a
complex of biologically active substances of the preparation: cynarine,
chlorogenic acid, ascorbic acid, carotene, B-group vitamins, and inulin.
The main active ingredient — cynarine — has a choleretic effect. The
hole-kinetic effect is less. Available in artichokes ascorbic acid, carote-
ne, vitamins B, and B,, and inulin contribute to the normalization of
metabolic processes. Indications for the use of an atrix extract are dys-
peptic phenomena; biliary outflow, gallbladder hypokinesia, chronic
hepatitis, chronic intoxication, chronic renal insufficiency, urolithiasis,
urate, atherosclerosis, obesity (as part of complex therapy) (Kraft, 1997;
Guarrera et al., 2005; Mootoosamy et al., 2014; Giacosa et al., 2015).
Like UDCA and taurine, artichoke extract has been used as a medicinal
product in world medicine for more than 30 years (Blikhar et al., 2012;
Wisher, 2012). In the composition of the drug as the fourth pharmaco-
logically active substance is Angelica sinensis extract (commonly

24 Regul. Mech. Biosyst., 9(1)



known as Danggui). A herbal remedy, a pharmacotherapeutic group:
other agents applied with functional disorders from the side of the
gastrointestinal tract; the ATC code: A 03 A X 20.

Angelica sinensis (Oliv.) Diels is a traditional medicinal and edible
plant that has long been used for tonifying, replenishing, and invigora-
ting blood as well as relieving pain, lubricating the intestines, and
treating female irregular menstruation and amenorrhea. 4. sinensis has
also been used as a health product and become increasingly popular in
China, Japan, and Korea (Wei et al., 2016). The yellowish brown root
of the plant is harvested in fall and is a well-known Chinese medicine
used over thousands of years.

Review of biopharmaceutical trials

UDCA is a native component of the normal metabolism of bile
acids in the body, whose physico-chemical properties and localization
of the implementation of the physiological action predetermine the oral
administration of this compound and the optimality of the capsules or
tablets dosage form. Studies have shown that, in general, the degree of
biliary enrichment of UDCA does not depend on the dosage form or the
number of doses administered per day, but rather on the total daily dose
(Blikhar et al., 2012; Wisher, 2012).

However, research on new UDCA dosage forms is ongoing.
A preparation based on UDCA was developed, which is coated with a
newly developed capsule film that dissolves in the stomach and releases
the active substance only at pH > 6.5 (Simoni et al., 1995). In 12 healthy
volunteers, UDCA serum levels were measured after a single oral dose
of 450 mg of UDCA in three different dosage forms: enteric-clearing
capsules, solid, non-drip gelatin capsules and conventional gelatin
capsules. The drug was administered after eating. The area under the
curve [AUC, mmol/l (8 hours)] after oral administration of the enteric-
derived UDCA capsule (39.0 + 8.5) was significantly higher than that
for conventional capsules (30.5 + 4.9), both solid and non-drowning
capsules (29.3 + 3.4). In addition, the maximum serum UDCA concen-
tration was significantly higher in the case of enteric coating capsules
compared to the other two formulations, while achieving maximum
UDCA concentrations in serum was observed later. These results may
be explained by the assumption that the new capsule releases its
contents into the intestine at the stage of the maximum alkaline pH in it,
caused by the secretion of bile and pancreatic secretions. This improves
the solubility of UDCA at alkaline pH, thus giving it a higher
concentration gradient that facilitates passive absorption.

Physico-chemical properties of UDCA have determined the speci-
ficity of biopharmaceutical studies of its dosage forms for the needs of
pediatrics (Santovea et al., 2014). Due to the very low solubility and
low dose in the formula (1.5%) UDCA for the administration of appro-
priate doses for infants and children was converted into a suspension
with minimal use of excipients, avoiding the use of both complex
supplements and those not recommended by the European Agency for
the Medicines (EMA). It was obtained 2 stable (within 30-60 days) of a
composition with a certain particle size.

Regarding the quantitative content of ursodeoxycholic acid in
capsules, a number of clinical studies were conducted on dosage
regimens. Clinical studies have shown that the administration of UDCA
in the range of 10 to 15 mg/kg/day, improves liver function in chronic
liver disease. With PBC, PSC, and chronic hepatitis (CH), ursodeoxy-
cholic acid was used at doses of 250, 500 and 750 mg/day for two
months, with the treatment regimen assigned to each patient. Significant
decrease in serum levels of marker enzymes was observed in all groups
at doses of 250 mg/day, which corresponds to approximately 4—
5 mg/kg/day. Two higher doses induced further improvement in the stu-
died parameters, especially in patients with PBC, but no significant
differences were found between dose levels of 500 and 750 mg/day
(Podda et al., 1989).

In a short-term, randomized, double-blind, controlled, cross-study,
different UDCA doses regimens (for total dose 600 mg/day) were
studied: a course of 3 months, followed by placebo for 3 months or
placebo for 3 months followed by UDCA course for 3 months and
long-term UDCA courses up to 20 months (Hwang et al., 1993).

Dosage regimens of ursodeoxycholic acid up to 8.7 mg/kg/day at PBC
have been studied in double-blind, multicenter trials (Battezzati et al.,
1993). A comparison of three doses of ursodeoxycholic acid in the
treatment of PBC was performed in another randomized study (Angulo
etal.,, 1999). A total of 155 patients were randomized to receive low (5—
7 mg/kg/day), normal (13—15 mg/kg/day) and high (23-25 mg/kg/day)
UDCA doses. In this case, there were no statistically significant
differences between the effects of different doses. Higher doses of
UDCA (2530 mg/kg/day) have been studied in clinical trials for
patients with PSC (Harnois et al., 2001). It has been shown that the use
of UDCA at a dose of 25-30 mg/kg/day may be beneficial for patients
with PSC and this mode deserves further evaluation in long-term,
randomized, placebo-controlled studies. A randomized, double-blind,
multi-dose (300, 600, 900 mg/day) UDCA efficacy study for bile acid
metabolism regimen over a period of 21 days showed a higher average
UDCA dose efficiency (Hess et al., 2004). A multicentre double-blind,
randomized controlled trial of UDCA prophylactic use (15 mg/kg/day)
in patients after liver transplantation did not confirm the optimism of the
initial report of the beneficial effect of UDCA prophylactic treatment in
acute rejection after liver transplantation (Keiding et al., 1997).

Taurine is also a native component of the human body, readily
soluble in water and permeable through bivarials. Since taurine imple-
ments its hepatoprotective effect together with UDCA, the choice of
dosage forms in this case is limited by its physical and chemical
properties. Regarding the quantitative content of taurine in capsules, a
number of clinical studies were conducted on dosing regimens (Colom-
bo et al., 1996; Heubi et al., 2002; Vettorazzi et al., 2017). In particular,
taurine at a dose (30 mg/kg/day) was administered together with UDCA
(15 mg/kg/day) during the year, resulting in an increase in its pharma-
cological effect in the treatment of liver disease in patients with severe
pancreatic dysfunction and in poor condition nutrition (Colombo et al.,
1996). Tauroursodeoxycholic acid (TUDCA) at doses of 10—
13 mg/kg/day administered for 3 months induced hepatocyte prolifera-
tion in humans (Vettorazzi et al., 2017). The high dose regimens of
TUDCA (30 mg/kg/day) during enteral administration were also
studied for the pediatric population (Heubi et al., 2002). However, the
complex of taurine from UDCA was ineffective in preventing the
development or treatment of cholestasis in newborns.

The third component of the drug is an artichoke extract. Given the
herbal origin of this component and its complex chemical content, it is
clear that the methods of obtaining dosage forms can play a funda-
mental role in the realization of its pharmacological action (Betancor-
Fernandez et al., 2003; Lupattelli et al., 2004; Ferracane et al., 2008).
In particular, the study of the effect of different methods of processing
artichoke herbal material significantly affects its antioxidant profile,
antioxidant activity and physical characteristics (Lupattelli et al., 2004;
Ferracane et al., 2008). Screening of artichoke leafy pharmaceutical
preparations showed that antioxidant activity was higher in aqueous
fractions than lipophilic fractions, and correlated with the total content
of phenols in extracts (Betancor-Fernandez et al., 2003). Regarding the
quantitative content of artichoke extract in capsules, a number of clinical
studies were conducted on dosage regimens (Sannia, 2010; Barrat et al.,
2013). Thus, in the treatment of functional dyspeptic symptoms with
oral administration of artichoke extract (15% for chlorogenic acid,
150 mg extract per capsule) for 60 days, the positive clinical effect,
which was defined as reducing the total score of all symptoms by 50%,
was recorded in 38% of patients during 30 days, and 79% — within
60 days. After 60 days, in patients, the level of total cholesterol, low
density lipoprotein and serum triglyceride decreased by 6-8% compa-
red with baseline values (P < 0.001), and the activity of transaminases
and gamma-glutamyltransferase was 13-20 units per liter (P < 0.01) in
comparison with higher initial values (Sannia, 2010). A randomized,
double-blind, placebo-controlled study of low-density lipoprotein cho-
lesterol effects in large doses of artichoke extract in patients with prima-
ry moderate hypercholesterolemia showed that doubling of the daily
dose from 3 to 6 tablets for 4 weeks did not lead to additional statisti-
cally significant increase in the pharmacological effect (Barrat et al., 2013).

Radix Angelica sinensis, the dried root of 4. sinensis (Danggui), is a
herb used in Chinese medicine to enrich blood, promote blood circula-
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tion and modulate the immune system. It is also used to treat chronic
constipation of the elderly and debilitated as well as menstrual disorders.
Research has demonstrated that Danggui and its active ingredients, as
anti-arthrosclerotic, anti-hypertensive, antioxidant anti-inflammatory
agents which would limit platelet aggregation, are effective in reducing
the size of cerebral infarction and improving neurological deficit scores
(Hirata et al., 1997; Wu et al., 2011). Dong quai contains a chemical
compound called butylidenephthalide which has antispasmodic activity
in vitro and might relieve muscle cramps (Ko, 1980). Since 1970s, 165
chemical constituents, including phthalides, phenylpropanoids, terpeno-
ids and essential oils, aromatic compounds, alkaloids, alkynes, sterols,
fatty acids, and polysaccharides have been isolated or detected from the
various parts of the title plant (Ma et al., 2015).

Pharmacokinetic studies

The literature does not provide data on the effects of UDCA,
taurine and artichoke extract on enzymes 1A2, 2A6, 2C9, 2C19, 2D6,
2E1 of cytochrome P450 systems in human biomaterials. It has been
shown that UDCA is an inducer of CYP3A, but the clinical significance
of this effect is still unknown (Blikhar et al., 2012; Wisher, 2012).
Investigations using quantitative polymerase chain reaction and
Western blot methods of reversing the effects of ursodeoxycholic acid
on proteins included in the exchange of bile acids and detoxification
processes of xenobiotics in the intestine of healthy people and patients
with PBC showed that UDCA induced in the gut the expression of
genes of the key protein intestine pumps, as well as breast cancer
resistance proteins (BCRP) and P-glycoprotein (multidrug resistance
protein 1) (Dilger et al., 2012). There was no direct reverse effect on the
enzymes involved in the exchange of bile acids (Wang et al., 2009).
There is also data on the influence of taurine on the biosynthesis of a
number of transport proteins, which are included in the cytochrome
P450 2E1-dependent catabolism of xenobiotics (Miyazaki et al., 2014).

Absorption. UDCA, as a rule, is present in the form of a small
fraction of the total amount of bile acids in the human body (about 5%).
After oral administration, most part of UDCA is absorbed in the small
intestine and to a small extent in the colon by passive, non-ionogenic
diffusion and absorption is incomplete. Subsequently, 50% of UDCA
from the portal blood when it is first passed through the liver is absorbed
to conjugate with amino acids. Following a single oral administration of
UDCA in a dose of 500 mg to healthy volunteers, peak plasma concen-
trations were from 2.7 to 6.3 pg/ml. The maximum concentration was
reached after 60 min, and the second peak concentration in plasma —
after 180 min. Following a single oral administration of UDCA at doses
of 250, 500, 1000, and 2000 mg, the corresponding absorption rates
were 60.3%, 47.7%, 30.7%, and 20.7%. Binding to proteins in plasma
is 96-98% (Blikhar et al., 2012; Wisher, 2012).

Taurine, a sulfur-free amino acid, is a normal component of the
human diet. Until recently, the pharmacokinetics of taurine in humans
after oral administration had not been sufficiently studied. The study of
pharmacokinetic parameters of taurine (given oral administration in the
morning at 4 g) was performed on 8 healthy male volunteers (mean age

Table 1

27.5, range 2245 years). Blood samples were taken at certain intervals
and the concentration of taurine in plasma was measured using a
modified high-performance liquid chromatography method. Oral tau-
rine was absorbed from the gastrointestinal tract for 1.0-2.5 hours after
administration. The maximum concentration of taurine in plasma (C,,)
was 0.69 £ 0.15 mmol in 1.5 + 0.6 hours after administration (T ).

The plasma half-life varied from 0.7 to 1.4 h (an average of 1.0 +
0.3), the volume of distribution — from 19.8 to 40.7 liters (an average of
30.0 £ 7.6), the ratio of clearance/bioavailability — from 14.0 to 34.4 I/h
(an average of 21.1 £ 7.8), and the area under the curve for the interval
0-8 hours (AUC) is 116.0 to 284.5 mg/l (an average of 206.3 + 63.9)
(Ghandforoush-Sattari et al., 2010). In another report, pharmacokinetic
parameters were investigated in the presence of intravenous injection of
200 mg of taurine in 6 hypertensive patients and six healthy volunteers.
In this study, the half-life and the distribution of taurine were 3.85 + 0.05
min and 9.6 + 32 1, respectively. However, they monitored the con-
centration of taurine in blood plasma for only 20 min, and therefore pro-
bably considered the alpha phase, which is masked by the absorption
phase of taurine in the oral route of administration (De Luca et al., 2015).

Artichoke leaf extracts are traditionally used in the treatment of dys-
peptic disorders and liver diseases. In order to obtain more detailed
information on the absorption, metabolism and utilization of artichoke
leaf extracts, two different extracts were administered to 14 healthy
volunteers (Wittemer et al., 2005). Each participant in the study recei-
ved doses of both extracts. The first extract — the content of caffeoylqui-
nic acids is equivalent to 107.0 mg of carbohydrate and the content of
luteolin glycosides is equivalent to 14.4 mg of luteolin. The second
extract — the content of caffeoylquinic acids is equivalent to 153.8 mg of
coffee acid and the content of luteolin glycosides is equivalent to
35.2 mg of luteolin. Urine and plasma tests were performed using a
validated method of high-performance liquid chromatography. Peak
concentrations in the blood plasma of carbohydrate, ferulic acid and
isofuric acid were achieved within 1 hour. In contrast, the maximum
concentrations of dihydrofuranic acid and dihydroisopropylacetate were
observed only after 67 hours, indicating two different metabolic path-
ways for different caffeoylquinic acids. The peak concentration of luteo-
lin glycosides in plasma was rapidly reached within 0.5 hours.

Regarding A. sinensis extract, there are some works dedicated
directly to its pharmacokinetics in normal and pathological animals (Li
etal., 2012; Jin et al., 2017). Several studies also has been conducted to
observe both drug-drug interactions and pharmacokinetics (Lo et al.,
1995; Abebe et al., 2002). The main pharmacokinetic parameters of
A. sinensis extract were studied and summarized by Chinese authors
(Table 1) (Jin et al., 2017). A validated ultra-performance liquid chro-
matography-triple quadruple mass spectrometry (UPLC-TQ/MS) met-
hod was employed to quantify the a content of the main constitutes in
Gui-Hong extracts (ancient and classic formula comprised of 4. sinensis
and Carthamus tinctorius L.). The results showed that Gui-Hong ext-
racts (0.405 g/ml) contained 144.075 pg/ml of hydroxysaftlor yellow A
(HSYA), 3.758 pug/ml of caffeic acid, 4.350 pg/ml of p-coumaric acid,
33.844 ng/ml of kaempferol-3-O-rutinoside, 31.647 pg/ml of ferulic
acid, 1.583 pg/ml of 3-n-butylphthalide, and 3.175 pg/ml of ligustilide.

Pharmacokinetic parameters of seven components of Gui-Hong extracts (n = 6) (by Jin et al., 2017).

Components Cinax (ng/mL) T (h) Tip, (h) MRTj, (h) AUC,; (ngxmL'xh) AUCy., (ngxmL"xh)
Hydroxysafflor yellow A 25+9 1.80+0.40 2.60+0.30 3.65+0.27 116 +31 127+32
Caffeic acid 2045 0.75+0.00 2.70+1.20 221£021 41+£3 53+11
p-Coumaric acid 750+29 0.17+0.00 1.04+037 0.76 +£0.11 430+34 434 +35
Kaempferol-3-O-rutinoside 17+£3 0.75+0.00 1.00+0.53 1.73+£0.21 31+8 32+8
Ferulic acid 341+£34 0.17+£0.00 238+1.10 143+0.19 273 +65 312+77
3-n-Butylphthalide 21+11 0.17+0.00 7.60+1.73 2.55+0.08 48+9 109+25
Ligustilide 136 +25 0.08 +£0.00 6.33+145 5.69+0.76 432+71 463+79

Pharmacokinetic parameters of HSY A of blood stasis rats exhibited
higher C.., Tip, AUCy, MRTy,, and AUC.., and lower Tp.
Among these data, T,,,,x, AUCy,, AUC,.,, and T}, had a significant dif-
ference. As previously work indicated that HSY A was mainly absorbed
through the small intestine, while poor blood circulation might prolong
the retention time of HSYA in the small intestine, thus eventually led to

an increased bioavailability of HSYA. Additionally, slowed blood cir-
culation may decrease the liver perfusion, which may lead to decreased
hydroxylation, methylation, acetylation, and glucuronidation of the
HSYA in the liver. This decreased drug metabolism may significantly
increase the bioavailability of HSYA in blood stasis rats (Tian et al.,
2010; Jin etal., 2016; Jin et al., 2017).
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For caffeic acid, the plasma samples from the blood stasis rats
showed higher C,., Ty, AUCy,, MRT,, and AUC.,. Ty of caffeic
acid in normal and blood stasis rats was same. Meanwhile, the C,,
AUCy,, MRTy,, and AUC,., of caffeic acid had significant difference.
Catechol-O-methyltransferase (COMT) mediated O-methylation plays
an important role in the metabolism of caffeic acid in rat hepatocytes.
Blood stasis syndromes induced by adrenaline hydrochloride or
occlusion of the left anterior descending coronary artery have shown
decreased COMT activity in liver plasma and the heart. The increased
bioavailability of caffeic acid may partially contribute to the decreased
liver and blood metabolism (Grohmann, 1987; Azuma et al., 2000;
Lafay et al., 2006; Jin et al., 2017).

For p-coumaric acid, the model samples revealed higher Cy., Ty,
AUCO_t, MRT()_‘, and AUC()_OO And the Cmax, AUCO_t, MRTo_t, and
AUC,., of p-coumaric acid had a significant difference (Jin et al,,
2017). Another work has demonstrated that the pharmacokinetic
behavior of p-coumaric acid may be altered after compatibility in rats
(Zeng et al.,, 2016). While in this study, the result indicated that the
absorption of p-coumaric acid could be increased and the process of
elimination was slowed in the pathological state.

As for kaempferol-3-O-rutinoside, the model samples showed
higher Cay, T1p, AUCy, MRT,,, and AUC,.,, compared with normal
rats, and the Ty,,, AUCy,, MRTy,, and AUC,., of kaempferol-3-O-
rutinoside had significant difference. Kaempferol-3-O-rutinoside is a
kind of flavonoid glycoside. A series of reasons such as high polarity,
large molecules, etc., will result in the low bioavailability of kaempfe-
rol-3-O-rutinosideafter oral administration (Jin et al., 2017).

For ferulic acid with similar chemical structure of p-coumaric acid,
the model rats implied higher C,,, AUCy,, and AUC.,, and lower
Typ, and MRT),. The Cp, of ferulic acid had a significant difference.
Additionally, T, of ferulic acid in these two groups was the same,
which implied that ferulic acid absorbed more rapidly in blood stasis
rats (Jin et al., 2017).

When looking at 3-n-butylphthalide, the model rats showed lower
Typ, and MRTy,, and higher C,,,,, AUCy,, and AUC,.,. Moreover, the
Tp, and AUCy, of 3-n-butylphthalide had a significant difference.
Since 3-n-butylphthalide was mainly metabolized by CYP2E1, 2C11
and 3A1/2 in rats, which referred that model rats could change the
eliminated time of 3-n-butylphthalide may be due to the changes in the
enzymes (Jin et al., 2017).

Finally, for ligustilide, the model rats exhibited higher C,,,,., AUCy,,
and AUC,y.,, and lower MRT, and T},. The result implied that blood
stasis model rats could speed up the time and extent of absorption of
ligustilide; however, there was no significant difference between normal
and model rats (Jin et al., 2017).

There are also data on pharmacokinetics in animal models, for
substances of known therapeutic activities (Dymowski, 2013). In a
pharmacokinetic study (Luo et al., 2003) ferulic acid and paeoniflorin
were detected in the serum of mice after intra-gastric administration of a
combination Angelic-Paeonia root powder. The concentrations of both
substances at different times were determined in serum, using HPLC.
The pharmacokinetic parameters of ferulic acid in the experiment were:
Tpeak = 2.606 £ 0.586 h, Cypp = 6.372 £1.510 mg/l, tippq = 1.249 £
0.365 h, tjpae) = 2.101 £ 0.665 h, AUC = 41.399 + 11.763 mg x W/, K,
=0330+0.085h",K,=0.555+0.133h "

Other authors (Ru et al., 2007) observed low oral bioavailability of
senkyunolide A in rats. The pharmacokinetics of senkyunolide A, of the
essential oil of Rhizoma Chuanxiong (Ligusticum chuanxiong), which
is commonly used for the treatment of cardiovascular discases, was
studied in rats. After intravenous administration, senkyunolide A was
extensively distributed (V¢/F: 6.74 £ 0.73 I/kg) and rapidly eliminated
from the plasma (CL/F: 7.20 + 0.48 Ihkg and t,: 0.65 £ 0.06 h).
Hepatic metabolism was suggested as the major route of senkyunolide
A elimination as indicated by the results of an in vitro S9 fraction study.
After intraperitoneal administration, senkyunolide A exhibited dose
independent pharmacokinetics. The absorption after [P administration
was rapid (T 0.04 £ 0.01 h), and the bioavailability was 75%. After
oral administration, senkyunolide was also absorbed rapidly (T 0.21
+ (.08 h) however its oral bioavailability was low, about 8%. Moreover

as contributing factors were determined the instability in the
gastrointestinal tract (accounting for 67% of the loss) and a hepatic first-
pass metabolism (accounting for another 25%). Pharmacokinetics of
senkyunolide A were unaltered when the extract was administered,
which suggests that components in the extract have insignificant effects
on senkyunolide A pharmacokinetics.

Distribution. In healthy people, at least unconjugated, 70% UDCA
binds to plasma proteins (Rost et al., 2004). UDCA binds to one site
with a protein molecule responsible for biliary bile acid binding in the
ileum (the ileal bile acid-binding protein, IBABP) and increases the
affinity of binding other human bile acids on the second site of IBABP.
Since UDCA is one of the binding sites on IBABP, this reduces the the
effect of co-operative binding, which is often observed for the major
bile acids in humans. In addition, IBABP is essential for the full
activation of farnesoid-X alpha receptor (FXRa) bile acids, including
ursodeoxycholic acid. There is no information on binding of conjugated
UDCAEs to plasma proteins in healthy subjects or patients with primary
biliary cirrhosis. However, since the effectiveness of UDCA is due to its
concentration in bile, but not in plasma, its serum levels are not an
indicator of bioavailability in clinical conditions. The volume of
distribution of UDCA has not been determined, however, it is believed
to be small, since the compound is mainly distributed in the bile and
small intestine. In bile, the concentration of UDCA reaches a peak in 1—
3 hours (Fang et al., 2012).

Taurine can both come from outside to the body, and synthesize in
the human body itself. The administered dose of taurine is rapidly
absorbed and distributed over the tissues of the body. Most taurine is
noted in the brain, the retina, the heart muscle, the liver and kidneys.
Taurine passes through the hemathenecalfal and placental barrier (van
Stijn et al., 2012).

The pharmacological activity of the artichoke extractas well as
Angelica sinensis extract is due to the total effect of its components,
therefore detailed pharmacokinetic studies of its distribution in human
tissues have not been conducted (Blikhar et al., 2012; Wisher, 2012).

Metabolism. Approximately 50-70% of UDCA from portal blood
when it is first passed through the liver is absorbed to conjugate with
amino acids (Blikhar et al., 2012; Wisher, 2012). UDCA is conjugated
to glycine and taurine, and then excreted to bile and into the small
intestine. In the intestine, some UDCA conjugates may be subjected to
reverse processes of deconjugation and reabsorption of the ileum.
UDCA conjugates may also be dehydroxyl to lithocholic acid, part of
which is absorbed, sulfated in the liver and excreted from the body by
the bile ducts.

In an adult, about one-quarter of bile acids are conjugated to taurine
and a small portion of taurine is also converted to isotonate with the
participation of either bacterial or tissue enzymes. Subsequent
metabolism proceeds to the formation of sulfate, CO,, water and
ammonia, the latter being converted into urea (Sturman et al., 1975).

The artichoke extract components are completely metabolized in
the human body to methylated derivatives of carbohydrate (ferulous and
iso-fructose acids) and to products of their hydration (dihydric and
dihydrofuranic acids). With the exception of dihydrofurylic acid, all
these compounds are present in the human body in the form of sulfates
or glucuronides. Luteolin is completely metabolized in the human body
to sulfate or glucuronide (Wittemer et al., 2005).

There are several reports on metabolism of the main bioactive
ingredient of 4. sinensis extract. Ligustilide is one of the most abundant
bioactive ingredients in this plant. The study (Yan et al., 2007) reported,
for the first time, the pharmacokinetics of ligustilide, administered in its
pure form and in an herbal extract, in rats. After i.v. administration of
pure ligustilide, it was distributed extensively (V, 3.76 = 1.23 /kg) and
eliminated rapidly (t;5, 0.31 £ 0.12 h). The iv. clearance (CL) of
ligustilide after extract administration was significantly higher than that
dosed in its pure form [CL, 20.35 + 3.05 versus 9.14 + 1.27 I/h/kg, P <
0.01; area under the curve (AUC), 0.79 £ 0.10 versus 1.81 + 0.24 mg x
W1, P < 0.01], suggesting significant interaction between ligustilide and
components present in the extract. Dose-dependent pharmacokinetics
was observed after i.p. administration, and a significantly higher dose-
normalized AUC (1.77 = 0.23 mg x h/]) at 52 mg/kg was obtained than
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that at 26 mg/kg (0.93 £ 0.07 mg x W/, P <0.05). Oral bioavailability of
ligustilide was low (2.6%), which was partly because of extensive first-
pass metabolism in the liver. Seven metabolites of ligustilide were
identified, and three of them were unequivocally characterized as
butylidenephthalide, senkyunolide I, and senkyunolide H. These three
compounds also occurred naturally in the herb and were reported to be
bioactive.

In the article (Moridani et al., 2001), evidence is presented showing
that caffeic acid (CA) form plant extract when oxidized by peroxide-
se/H,0, or tyrosinase/O,. Mass spectrometry analyses of the metaboli-
tes formed with peroxidase/H,Oy/glutathione (GSH) revealed that
mono- and bi-glutathione conjugates were formed, which formed a bi-
glutathione conjugate only when GSH was present. In the absence of
GSH, hydroxylated products and p-quinones of CA were formed by
peroxidase/H,O,. NADPH also supported rat liver microsomal-
catalyzed CA-glutathione conjugate formation, which was prevented by
benzylimidazole, a cytochrome Pys, inhibitor. Furthermore, the cytoto-
xicity of CA toward isolated rat hepatocytes was markedly enhanced by
hydrogen peroxide or cumene hydroperoxide-supported cytochrome
P45 and was prevented by benzylimidazole. Cytotoxicity was also
markedly enhanced by dicumarol, an NADPH/oxidoreductase inhibit-
tor. These results suggest that dihydroxycinnamic acids were metaboli-
cally activated by P,s, peroxidase activity to form cytotoxic quinoid
metabolites. Metabolism of phenolic compounds has been described in
detail in several articles (Lafay et al., 2006; Zhao et al., 2010; Pei et al., 2016).

Elimination. UDCA is eliminated primarily via the faeces. In the
treatment of urinary excretion, UDCA increases but remains below 1%,
except for severe cholestatic liver disease. In healthy volunteers
receiving once orally 500 mg of C'*-spotted UDCA, 30% to 44% of the
dose is excreted in the faeces during the first three days, in the form of
unchanged UDCA (2—4%), lithocholic acid (37%), and 7-keto-
lithocholic acid (5%). The half-life, determined by the use of the
radioactive label, is approximately 3.5 to 5.8 days in the case of oral
administration of UDCA due to the effective enterohepatic circulation
of UDCA in the body. In patients with severe liver disease, renal
excretion becomes one of the main ways of eliminating bile acids
(Blikhar et al., 2012; Wisher, 2012).

In the case of one-time oral administration of taurine at a dose of
4 g, its plasma concentration returns to the normal range after 8§ h
(elimination phase). The process of taurine elimination from plasma is
realized in a mechanism with first-order kinetics (Ghandforoush-Sattari
et al., 2010). The total content of taurine in the body is regulated by the
kidneys. Taurine is one of the major urinary tract amino acids in the
human body, since the ability of the kidneys to its re-absorption is low
(Jacobsen et al., 1968; Chesney et al., 1985). The daily amount of
taurine that is excreted in urine, although it depends on the diet, is
usually in the range of 65 to 250 mg (0.5-2.0 mmol).

Elimination of the metabolic products of the artichoke extract
occurs mainly through the kidneys, with urine. The elimination profile
of most products is bi-phase (Wittemer et al., 2005). Elimination of the
metabolic products of the A. sinensis extract was reported in works we
have already described (Moridani et al., 2001; Yan et al., 2007; Pei
etal., 2016; Jin et al., 2017).

Pharmacokinetics in special patient groups. Pharmacokinetics
and bioavailability of UDCA are independent of sex. Also, there were
no clinically significant inter-racial differences in its pharmacokinetic
parameters among individuals of the European and Mongolian races.
Relative to the Negroid race, data is insufficient (Blikhar et al., 2012;
Wisher, 2012).

Pregnant women. In the case of UDCA, taurine and artichoke
extract, there are no valid and well-controlled studies in pregnant
women. Since studies of the effect on animal reproductive function are
not always predictive of the response in the human body, these
compounds should not be used in women who are or may become
pregnant. If such preparations are used during pregnancy or if the
patient becomes pregnant while taking this drug, she should be aware of
the potential risk to the fetus (Blikhar et al., 2012; Wisher, 2012). In the
case of taurine, there are separate indications that during pregnancy it is
accumulated in the tissues of the mother, and then in the perinatal

period, it goes to the fetus through the placenta and the newborn
through the mother’s milk. It accumulates in the brain of newborns.
Low levels of taurine in the maternal body lead to low levels of taurine
in the fetus and to slow the growth of offspring (Naismith et al., 1987).

Breastfeeding women. It was not investigated whether orally
administered UDCA, taurine and artichoke extract in maternal milk
were excreted (Blikhar et al., 2012; Wisher, 2012).

Older patients (geriatrics). In the case of UDCA, taurine and
artichoke extract, there are no adequate or well-controlled studies in the
geriatric population (Blikhar et al., 2012; Wisher, 2012).

Children (pediatrics). In the case of UDCA, taurine and artichoke
extract, there are no adequate and well-controlled studies in the pediatric
population. There are only individual studies available on various
aspects of the pharmacological action of these compounds in children of
all ages and newbormns. (Santovefia et al., 2014).

The pharmacokinetic parameters of UDCA in newborns were
studied using an alpha magnetic spectrometer to quantify the
concentration of sub-therapeutic doses of "“C-labeled UDCA (37, 120
and 370 Bq) in minimal fractions (525 ml) of biological liquids.
However, the limited statistical sample (data from 3 newborns) and the
high variability of data do not allow any definite conclusions (Santo-
vefia et al., 2014). Since absorption in the intestine and the transition of
bile acids through the portal vein of the liver are immature in young
children, the pharmacokinetic parameters of UDCA established in
adults may vary significantly in the pediatric population.

In the case of taurine, this amino acid is conventionally irreplacea-
ble in humans and is now added to many baby nutrition mixtures as a
precautionary measure to provide improved nutrition in premature
infants and children with cystic fibrosis, as well as a positive effect on
the auditory trunk of the brain caused by reactions in premature
newborns (Aerts et al., 2002; Raphael et al., 2012).

Pharmacodynamic studies

When taken inside, UDCA is absorbed in the intestine due to
passive diffusion, and in the ileum by means of active transport. In the
liver, UDCA binds to glycine and taurine. The resulting conjugates are
secreted into the bile, the acid is included in the system of hepatic-
intestinal circulation. With systematic administration, UDCA becomes
the main bile acid in the blood serum — it accounts for about 50% of the
total amount of bile acids. There is a dose-dependent increase in its
share in the bile acid pool (Chernobrovy, 2013).

The enrichment of bile by UDCA makes bile more hydrophilic and
less cytotoxic. UDCA modulates apical secretion in hepatocytes —
phosphorylation/dephosphorylation of transport proteins (activation / in-
activation), which improves the excretory function of the liver. Increa-
sing the content of UDCA in bile reduces the degree of cholangiocel-
lular damage, portal inflammation and proliferation of the ducts. UDCA
stimulates the secretion of bile acids and other organic anions (glucuro-
nides of bilirubin, glutathione conjugates) and prevents cholestasis
caused by hydrophobic bile acids. Patients with PBC and PSC treated
with UDCA had less inflammatory response to the bile ducts. At the
moment, the existence of three main mechanisms of action of UDCA is
assumed: protection of cholangiocytes from cytotoxicity of hydropho-
bic bile acids; stimulation of hepatobiliary secretion; protection of
hepatocytes from apoptosis caused by bile acids.

The mechanisms of UDCA cytoprotection are not fully understood.
However, it is known that excessive accumulation of toxic bile acids
causes apoptosis of hepatocytes. UDCA suppresses apoptosis by
blocking mitochondrial dysfunction. Laboratory studies have shown
that UDCA prevents apoptosis caused not only by deoxycholic acid, but
also by other damaging factors (ethanol, transforming growth factor,
Fas-ligand and okadaic acid). The mechanism of action of UDCA is
associated with a decrease in mitochondrial depolarization with
subsequent inhibition of the release of cytochrome C and activation of
caspases (Lazaridis et al., 2001; Pelletier et al., 2003; Venneman et al.,
2006; Guarino et al., 2007; Roma et al., 2011; Portincasa et al., 2012;
Guarino et al., 2013; Chernobrovy, 2013). The mechanism of inhibition
of apoptosis by UDCA and tauroursodexycholic acid (TUDCA) is
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shown in Fig. 1. UDCA suppresses mitochondrial processes, namely:
inhibits translocation of Bax, ROS synthesis, cytochrome C secretion,
and caspase-3 activation. According to available data, UDCA may
interfere with pathway of the death receptor by receptors by inhibiting
caspase-3 activation. In addition, TUDCA inhibits apoptosis processes
associated with EP stress by regulating intracellular levels of calcium
and inhibiting calpain and activating caspase-12. In this case, it is
important to note that UDCA interacts with NSAs, which leads to the
dissociation of NSR/hsp90 and nuclear translocation of the complex of
UDCA/NDS. Once in the nucleus, UDCA modulates the pathway of
E2F-1/p53/Bax, thus preventing apoptosis. In addition, UDCA reduces
cyclone D1 and Apaf-1 levels, further inhibiting the mitochondrial
apoptotic cascade (Amaral et al., 2009).

In pharmacological doses UDCA significantly reduces (by 40—
60%) the saturation of bile with cholesterol by inhibiting the absorption
of cholesterol in the intestine and suppressing its secretion in bile (Roma

etal,, 2011). UDCA reduces the toxicity of bile acids, which can dama-
ge cell membranes and cause cholestasis. This involves various mecha-
nisms: inhibition of absorption of endogenous hydrophobic bile acids
from the small intestine, choleretic effect, which causes dilution of
endogenous bile acid salts in the bile ducts and thus protects
hepatocytes. The recommended dose of UDCA for the treatment of
cholelithiasis is 8-10 mgkg/day, with larger doses there are no
additional benefits. The dissolution rate is about 1 mm reduction in the
diameter of a gallstone per month. The diameter of gallstone more than
20 mm negatively affects the speed of its dissolution and the overall
result of litholithic therapy. Lack of dynamics or minimal reduction of
concrement after 6-12 months of UDCA treatment indicate a poor
dissolution prediction. The chance to reduce the diameter of large (more
than 20 mm) or multiple gallstones by means of litholithic therapy does
not exceed 40-50% after the first year of treatment (Portincasa et al.,
2012).
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Fig. 1. Mechanisms of UDCA and TUDCA inhibition of apoptosis (by Amaral et al., 2009):
Apaf-1—apoptotic protease activating factor 1; ARF — ARF (alternative reading frame) cell suppressor; Bax, Bcl-2 —negative (Bcl-2) and positive
(Bax) regulators of apoptosis; Casp-12, Casp-3 — caspases; Cyt C — cytochrome C; Fas — Fas cell surface death receptor; Fas L — ligand of Fas-
receptor; Hsp-90 — heat shock protein; MDM-2 — mouse double minute 2 homolog; NSR — nuclear steroid receptors; Procasp-12 — procaspase

Gallbladder sludge is considered as another therapeutic target for
UDCA. Its appearance can be provoked, for example, by rapid weight
loss, pregnancy, parenteral nutrition, organ transplantation. A positive
UDCA effect has been demonstrated in a clinical study in which
patients with idiopathic acute pancreatitis and concomitant micro-
cholletises or gallbladder sludge were taking UDCA preparations for 3—
6 months. This helped to prevent relapses of cholelithiasis and pancrea-
titis during 44 months of observation in most patients (Lazaridis et al.,
2001). UDCA also has anti-inflammatory effects. Prolonged adminis-
tration of UDCA preparations significantly reduces the incidence of
complications of cholelithiasis. It was found that treatment with UDCA
in patients with cholelithiasis reduced the incidence of biliary pain and
exacerbations of cholecystitis during a 18-year period (Tomida et al.,
1999). In the first four years of receiving UDCA, relapse was less than
10%, compared with 40% in the placebo group. Interestingly, this
therapeutic effect did not depend on dissolution of gallstones, but was
associated with a decrease in inflammatory processes in the body. Other
studies (Guarino et al., 2007) indicate that UDCA treatment recovers
the contractile function of the gallbladder, improves oxidative-reduction
processes, eliminates oxidative stress and inflammation, and thus has a
positive effect on biliary symptoms irrespective of lysis of gallstones.

The possible mechanism of reduction of inflammation is conside-
red to be related to the antioxidant properties of UDCA, a decrease in
the concentration of prostaglandin E, and the activity of catalase.
In clinical trials involving patients with severe cholecystitis and frequent

biliary colic, there was no significant positive effect on the clinical
course of UDCA for 100 days (Venneman et al., 2006).

The above properties of UDCA are also used in the treatment of
liver parenchymal lesions. Recent experimental data indicate the expres-
sed hepatoprotective properties of the drug in the case of the most
common toxic agent — alcohol. UDCA improves functionally-morpho-
logical state of the liver. However, clinical trials of UDCA intake of 13—
15 mg/kg/day for 6 months in persons with progressive alcoholic cir-
thosis of the liver (Classes B and C for the Child-Pugh classification)
did not show improvement in the survival of these patients (Pelletier et
al., 2003). Using the modern method of diagnosis (ultrasound elastogra-
phy of the liver), it was shown that patients who were taking UDCA
additionally in the abstinence state had a more pronounced decrease in
organ density (Mayev et al., 2010). Clinical trials of UDCA efficacy in
ethanolled liver damage have not been conducted sufficiently to deter-
mine the site of this drug in the treatment of various forms of alcoholic
liver disease. Perhaps this is due to the considerable heterogeneity of the
clinical variants of alcoholic liver disease and the lack of generally
accepted recommendations for dosage and duration of treatment.
The diversity of biochemical and immunological effects of UDCA sug-
gests that its use is possible in any clinical form of alcoholic liver disease.

An important aspect of using UDCA is the treatment of biliary
reflux. The damaging effect of bile acids depends on their concentra-
tion, conjugation and pH of the environment. Taurine conjugates of bile
acids dissolve even at pH 2. Thus, at low absolute values of the pH of
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the mucous membrane they only damage the taurine conjugates. On the
contrary, at high pH values (for example, in the stomach coke after
surgery), unconjugated bile acids have a damaging effect. The bile
acids, which have detergent properties, promote the solubilization of
lipids in the membranes of the surface epithelium cells. Soluble conju-
gated bile acids (pH 2—4) penetrate into epithelial cells. Intracellular
concentrations of bile acids can be 8 times higher than extracellular.
Such excessive accumulation leads to increased permeability of cell
membranes, their destruction, damage to intercellular contacts and,
ultimately, loss of cells. This detrimental effect depends not only on the
concentration of bile acids in reflux, but also on the duration of the
period during which the mucous membrane is exposed to bile. Under
the influence of pancreatic phospholipase A from biliary lecithin,
lysolecithin is formed (catalyzing this reaction bile acids and trypsin).
The presence of bile acids and lysolecithin in the mucous membrane of
the stomach is accompanied by an increase in the inverse diffusion of
hydrogen ions, as well as an increase in the release of histamine and
gastrin. The negative effect of duodenogastroesophageal reflux on the
mucous membrane of the esophagus has been proved. In this case, the
esophagus is damaged by hydrochloric acid and pepsin, and damage to
bile acids is pH-dependent. Conjugated bile acids have a negative effect
on acidic pH values (2-4), and unconjugated — at pH 5-8. At alkaline
pH values, negative effects were inherent not only on unconjugated bile
acids, but also on trypsin (Sital et al., 2006).

The hydrophilicity of UDCA and the choleretic effect are important
for esophagogastric protection. UDCA does not have a negative effect
on the cell membrane — UDCA micelles are practically insoluble in
them due to hydrophilicity. UDCA displaces toxic hydrophobic bile
acids due to competitive capture of receptors. Important is the induction
of cholerexis, when bile-rich bicarbonate contributes to the elimination
of toxic bile acids through the intestine. The share of UDCA in gastric
contents is increased to 50% with decreasing of the content of gastric
and deoxycholic acids, the concentration of chenodeoxycholic acid
(CDCA) does not change. In experiments and clinical studies, the
cytoprotective properties of UDCA for the protection of the mucous
membrane of the stomach and esophagus have been proved. This is due
to UDCA in the phospholipid layer of the cell membrane, which
contributes to its stabilization and increased resistance to damaging
factors. In addition, the prescription of UDCA drugs reduces the
subjective findings of gastric dyspepsia (Chernobrovy, 2013).

UDCA prevents the development of tumors by counteracting the
stimulatory effect of other bile acids, such as deoxycholic acid (DCA).
UDCA and DCA have a multidirectional effect on the epidermal
growth factor (EGFR) and the expression of cyclooxygenase-2, which
can play a key role in tumorigenesis in the colon. Based on convincing
theoretical foundations, some clinical studies have shown that UDCA
can reduce the risk of colorectal cancer, but today there are few trials
with high-quality design, they are predominantly retrospective. UDCA
negatively modulates the mitochondrial activation pathway by
inhibiting the translocation of Bax, the formation of active forms of
oxygen, the release of cytochrome C and caspase-3 (Huo et al., 2011).

Taurine is a part of the main components of bile. Conjugation is
necessary to maintain the solubility of bile acids in the water
environment of the intestinal contents. The presence of sulfur in
tauroconjugates facilitates their ionization, increasing the detergent
action and solubility, as well as reabsorption. The bile acids play an
important role in preserving the function of the intestinal barrier and
preventing enterobacterial invasion into tissues. In addition, bile acid
tauroconjugates have choleretic effects and prevent cholestasis, unlike
glycine-conjugated bile acids (Gérard, 2014). In vitro, at physiological
concentrations, glycolithoholic acid is easily precipitated with calcium,
unlike taurolitoholic acid. Thus, taurine is essential for increasing bile
turnover, increasing bile acid production and preventing cholestasis.
The introduction of taurine is likely to lower cholesterol, triglycerides,
low density lipoprotein, and body weight. It reduces the amount of
cholesterol in the aorta wall, the number of lipid peroxidation products,
while increasing glutathione levels. It has been shown that
administration of taurine inhibits cell proliferation by inhibiting the
expression of mitogen-activated protein kinase (Sheybak et al., 2005).

In addition, taurine manages cellular membranes. It has membrane
protection and osmoregulating effects, positively affects the phosphor-
lipid composition of membranes, and normalizes the electrolyte balan-
ce, holding potassium and magnesium inside the cells, and sodium —
from the outside. Taurine plays a very important role in the movement
of calcium ions through membranes (Sheybak et al., 2005).

In particular, taurine can increase or reduce the level of calcium in
the heart. It is precisely with the stabilizing effect of taurine on the
membrane that its regulatory effect on the normalization of protein,
carbohydrate, electrolyte metabolism, activity of a number of enzymes
and hormones, energy and regenerative processes in the body, and the
strengthening of the immune system are associated with its regulatory
effect. Additional administration of taurine has a beneficial effect on the
parameters of antioxidant defense and reduces in the experiment
manifestations of diabetic neuropathy, nephropathy and retinopathy.

Taurine gives warning of a decrease in the activity of membrane-
bound Na'/K'-ATPase and an excessive Ca”* outcome. At the same
time, the level of glycosylated hemoglobin and the intensity of lipid
peroxidation processes in erythrocytes, which improved glucose
utilization, emphasizing the potential therapeutic value of taurine in
diabetes (Sheybak et al., 2005).

Another function of taurine is the preservation of euglycemia by
increasing the effectiveness of binding of insulin to receptors. Use of
taurine in diabetes can normalize the function of platelets and raise the
level of amino acids in the blood plasma. The experiment showed that
taurine improves the metabolism of glucose and lipids, reducing insulin
resistance and hypercholesterolemia. Taurine warns of developing
microangiopathy as a result of lowering the degree of apoptosis in
endothelial cells (Sheybak et al., 2005).

It has been established that taurine can act as an antioxidant,
binding active forms of oxygen. The metabolic precursor of taurine —
hypotaurine also has antioxidant properties. Preventive administration
of taurine was reported by acute bronchiolitis induced by inhalation of
NO,. Probably, in this case, taurine acts as a stabilizer for cell
membranes, regulating the flow of potassium, sodium, calcium and
magnesium ions (Marcinkiewicz et al., 2014). In vitro it has been
shown that taurine, forming a taurochloramine, binds hypochloric acid,
a strong oxidant that causes DNA damage. Taurochloramines may also
play a regulatory role in inflammatory processes, inhibiting the
production of interleukins 6 and 8, possibly due to a decrease in the
activity of gene transcription of cytokines (Marcinkiewicz et al., 2014).
The functional activity of macrophages is largely associated with the
transport of taurine through a cell membrane. Treatment of
macrophages with lipopolysaccharide (0.1 and 10 pg/ml) leads to a
60% decrease in the transport of taurine (P < 0.01). Transport of taurine
after 24 hours did not differ from the control values in case of
simultaneous treatment with lipopolysaccharide and g-interferon
(150 units/ml). It was shown that inositol restores the processes of
taurine transport in macrophages in conditions of its suppression
(Sheybak et al., 2005). Moreover, conjugates of taurine, secondary bile
acids, retinoids and some xenobiotics, due to their increased polarity
after binding to taurine, become more water-soluble, which increases
their clearance. This indicates the potential role of taurine in
detoxification processes. The effectiveness of this amino acid in liver
cirthosis, depression and infertility in men is shown (Sheybak et al.,
2005). The beneficial effects of taurine on gastric and intestinal mucosa
have been described. When cystic fibrosis supplements taurine reduce
the severity of steatorrhea. In Alzheimer's disease, memory decline is
accompanied by a decrease in the concentration of acetylcholine.

Thus, performing numerous physiological functions in the tissues,
taurine successfully modulates them in a variety of pathophysiological
conditions, confirming the need for it to be found at high concentrations
in the most energetically dependent cells.

The pharmacological properties of the artichoke extract are due to
the effect on the patient's body of the entire complex of biologically
active substances that are part of the artichoke leaf (Cynara scolymus L.).
Thus, the phenolic compound of cynarine in combination with phenol
acids and bioflavonoids contained in the artichoke provides choleretic,
diuretic and hepatoprotective effects of the preparation. The expressive
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diuretic effect of artichoke preparations helps to increase the amount of
urea that is excreted from the body and eliminate toxic substances,
including so-called “middle molecules” with urine. Applying an arti-
choke extract provides a clear detoxifying effect, in particular, reduces
the intensity of the endogenous that is, the so-called metabolic
intoxication. Phenolic acids that are part of the artichoke leaf extract
(coffee, chlorogenic, neochlorogenic, and caffeine) have high biological
activity and cause a pronounced immunoactive action of artichoke
preparations (Ben Salem et al., 2017).

Thus, the positive effect of artichoke extract and its combination
with vitamin E (tocopherol acetate) on the lipid peroxidation indicators
(LIPs) in patients with non-alcoholic steatohepatitis (NASH) is asso-
ciated with chronic non-calculous cholecystitis (CNCC) against a back-
ground of secondary immunodeficiency states (SIDSs). Along with the
normalization of the LIPs, namely the decrease in lipoproxidation
products in the blood serum, intermediate, ie, diene conjugates (DC)
and finely malone dialdehyde (MDA), there was also an improvement
in the clinical and biochemical parameters that characterize the
functional state of the liver and the decrease in the manifestations of
SIDSs, that is, the degree of T-lymphopenia and the imbalance in the
subpopulation composition of T-lymphocytes (Babak et al., 2006).
In this study, it was found that when administering an artichoke extract
together with vitamin E, anti-oxidant and immunomodulatory
properties of this combination of drugs are implemented.

Data on the antioxidant activity of the artichoke extract, also
obtained in the treatment of patients with NASH, combined with the
CNCC against the background of abdominal obesity. This study
demonstrated a decrease in the effect of an artichoke extract in the blood
serum of products of lipid peroxidation products — MDA and DC in
patients with NASH combined with CNCC in the phase of unstable
remission or moderate exacerbation of the chronic inflammatory pro-
cess in the gall bladder against obesity (Frolov et al., 2009). The positive
effect of artichoke extract and its combination with the immune active
preparation (galavit) on LIPs indices in patients with NASH combined
with osteoporosis was also established.

It is known that the activity of the lipid peroxidation processes
against the suppression of the activity of antioxidant defense is one of
the most universal pathological mechanisms in the formation of chronic
pathology of the liver and gall bladder. At the same time, phyto sub-
stances, in particular artichokes, are considered as natural antioxidant
agents, established in the experiment and confirmed in clinical conditi-
ons (Ben Salem et al., 2017). Proceeding from this, it can be assumed
that the use of artichoke preparations may be useful in a variety of
chronic pathologies of the liver and gall bladder.

The pharmacological propetties of the Angelica sinensis extract are
due to the effect on the patient’s body of the entire complex of
biologically active substances. At the moment, the following pharmaco-
logical properties of this plant are known: effects on cardio- and
cerebro-vascular systems, anti-inflammatory effect, antifibrotic action,
antispasmodic activity, anti-oxidant activities, neuroprotective action,
immune support and hematopoiesis (Fang et al., 2012). Proceeding
from the pharmacotherapeutic profile of the complex preparation being
developed, let us look in detail on the anti-inflammatory effect and
antispasmodic activity.

In 1986, L. Li (Fang et al., 2012) found that sodium ferulate could
regulate prostacyclin (PGI2)/thromboxane A2 (TXA2) ratio by inhibit-
ting TXA2 activity without affecting PGI2. Ligustilide (LIG) showed a
concentration-dependent anti-inflammatory effect in lipopolysaccha-
rides (LPS) activated microglia, without causing cytotoxicity. Pretreat-
ment with LIG at 2.5, 5, 10, and 20 pmol/l decreased LPS-induced NO
production to 75.9%, 54.4%, 43.1%, and 47.6%; TNF-o content to
86.2%, 68.3%, 40.1%, and 39.9%; Interleukin-1p (IL-1P) content to
31.5%, 27.7%, 0.6%, and O (P < 0.01); and MCP-1 content to 84.4%,
50.3%, 45.1%, and 42.2%, respectively, compared with LPS treatment
alone. LIG (10 umol/l) significantly inhibited LPS stimulated immuno-
reactivity of activated nuclear factor kB (NF-kB), cyclooxygenase-2
(Prostaglandin-endoperoxide synthase 2), and inducible nitric oxide
synthase (iNOS). LIG exerted a potent anti-inflammatory effect on
microglia through inhibition of NF-kB pathway. The data provide direct

evidence of the neuroprotective effects of LIG and the potential
application of LIG for the treatment of the neuroinflammatory diseases
characterized by excessive microglial activation (Wang et al, 2010;
Fangetal., 2012).

Su et al. (2011), sought to determine the effects of LIG on LPS-
induced inflammation in RAW 264.7 macrophages. LIG significantly
suppressed the production of nitric oxide, prostaglandin E2 (PGE2), and
TNF-o. The inhibition of NO was concomitant with a decrease in the
protein and mRNA levels of LPS-induced iNOS. Furthermore,
activation of activator protein-1 (AP-1) and NF-xB in the nucleus and
the cytosolic degradation of IkBo were abrogated by LIG. LIG also
inhibited the phosphorylation of IkB kinase (IKK) and mitogenac-
tivated protein kinases (MAPKS), including p38 MAPK, extracellular
signal-regulated kinase (ERK1/2) and c-Jun N-terminal kinase (JNK).
The intracellular reactive oxygen species (IROS) level was also signifi-
cantly decreased. These results suggest that LIG exhibits anti-inflam-
matory activities by blocking the activation of MAPKs/IKK and the
downstream transcription factors AP-1 and NF-xB, which may result
from LIG’s down-regulation of iROS production (Su et al, 2011; Fang
et al,, 2012). LIG significantly decreased neurological deficit score,
infarct volume, and RTP801 expression, increased EPO transcription in
/R rats, and induced a significant increase in cell viability and EPO and
a decrease in LDH and RTP801 in I/R neurons. Also, LIG increased
ERK phosphorylation (p-ERK) and the positive effects of LIG on
p-ERK as well as cell viability and EPO could significantly be blocked
by PD98059, but not LY294002 and SB203580. In addition,
transfection of SH-SYSY cells with RTP801 plasmid DNA induced a
significant increase in RTP801 as well as LDH release, while LIG
significantly inhibited the effects of transfection on RTP801 expression
and also increased cell viability. Therefore, it suggests that LIG has a
significant neuroprotecting role against I/R injury by promoting EPO
transcription via a ERK signaling pathway and inhibiting RTP801
expression and has the potential to be developed into a therapeutic agent
in preventing and treating ischemic disorders (Wu et al, 2011; Fang
etal, 2012).

Antispasmodic activity of the 4. sinensis extract has been studied
for several decades. Methods or techniques of cell culture were used to
explore the mechanism of Angelica polysaccharide (APS) inhibiting
proliferation of HaCaT cells (a spontaneously transformed aneuploid
immortal keratinocyte cell line from adult human skin) from the
angulation of apoptosis. The effect of APS on proliferation of HaCaT
cells was examined by trypan blue staining and flow cytometry.
The cell growth curve showed that a dose range of 25-2500 mg/l APS
had significant inhibition action on HaCaT cells in a dose dependent
manner. The flow cytometry result showed a decrease in the S phase
and G2/M phase HaCaT cells, while a phemomenal increase in the
GO/G1 phase HaCaT cells was observed at 250 mg/l APS. This study
suggested that APS could significantly inhibit proliferation of HaCaT
cells; by impairing the mechanism of DNA synthesis in preventing
HaCaT cells from entering the S phase (Fang et al., 2012).

Other studies had found that intrauterin hypoxia could stimulate
proliferation of neural stem cells (NSCs) of neonatal rats. The
proliferation reached a peak during 6 h hypoxia; Proliferation also
expressed in 9 h, but the ability began to decline. However, the NSCs
showed necrosis or apoptosis in a 12 h hypoxia (Chen et al, 2010). To
study the effect of intrauterin hypoxia on the proliferation and
differentiation of NSCs from neonatal rats and the protective role of
angelica injection on NSCs under hypoxia, the authors used
immunohistochemistry and an image processing system to analyze the
expression of glial fibrillary acidic protein (GFAP) and neuron specific
enolase (NSE). The following results were obtained from the study: (1)
Expression of GFAP-positive cells in the hippocampus of neonatal rats
in the hypoxia group was higher than control group; (2) Expression of
NSE-positive cells was less in the hypoxia group than in the control
group; (3) Expression of GFAP-positive cells in the hippocampus of
neonatal rats was less in the angelica group than in the hypoxia group,
whereas expression of NSE-positive cells was higher in the angelica
group than in the control group. These results indicated that hypoxia
could stimulate the proliferation of NSCs of neonatal rats and differen-
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tiation of NSCs into glial cells. Meanwhile, the number of neurons in
hippocampus CA3 area was decreased. The ability of proliferation and
differentiation of NSCs into glial cells after hypoxia was attenuated by
angelica injection, which was also effective in relieving neuron
decrement. Therefore, it was suggested that angelica injection has a
certain protective effect on the nervous system of neonatal rats with
intrauterine hypoxia (Fang et al., 2012). LIG, butylidenephthalide, and
butylphthalide were found to have antispasmodic activity against rat
uterine contractions and in other smooth muscle systems. The compo-
nents were characterized as non-specific antispasmodics with a mecha-
nism different from papaverine (Fang et al., 2012).

A recent study was dedicated to the hepatoprotective effect of
polysaccharides from different preparations of A. sinensis (Hua et al.,
2014). The authors report that polysaccharides are important chemical
substances of A. sinensis. These compounds effectively treat liver
diseases, show hepatoprotectivity, and contribute directly to the
therapeutic effect of A. sinensis. However, the precise molecular
mechanism of the effects of the different 4. sinensis products
polysaccharide has not been comprehensively explored. The following
investigation was designed to assess the effects and possible
mechanisms of polysaccharides in the different 4. sinensis products
against carbon tetrachloride-induced liver injury. Liver injury was
induced by intraperitoneal injection with Carbon tetrachloride (CCly) in
the mice. Gas chromatography-mass spectrometry (GC-MS) combined
with pattern recognition approaches, namely, principal component
analysis (PCA) and partial least squares-discriminant analysis (PLS-
DA), were used to determine differentiating metabolites in plasma and
liver tissue. PCA and PLS-DA score plots of the liver injury group
clustered separately from that of the control, while groups treated with
polysaccharides from charred A. sinensis (ASTP), parching A. sinensis
with soil (ASTUP), parching A. sinensis with wine (ASJP), parching
A. sinensis with Sesame Oil (ASYP) clustered closely with the control.
This result indicates that the metabolic profiles of the ASTP, ASTUP,
ASJP, and ASYP groups are almost similar to those of the control.
Potential metabolite biomarkers (six in the liver homogenates and seven
in the plasma) were identified. These biomarkers include citric acid,
succinic acid,glycine, palmitelaidic acid, arachidonic acid, fumaric acid,
malic acid, valine, ananine, and hexadecanoic acid. Functional pathway
analysis revealed that alterations in these metabolites are associated with
lipid, amino acid, and energy metabolism. Notably, ASTP exhibited a
potential pharmacological effect by regulating multiple perturbed
pathways to the normal state. It is likely that ASTP, ASTUP, ASJP,
ASYP intervene in the metabolic process of liver injury mice by
affecting the lipid and amino acid metabolism. Metabonomics is robust
and promising for the identification of biomarkers and elucidation of the
mechanisms of a disease, thereby highlighting its importance in drug
discovery (Hua etal., 2014).

Efficiency and safety studies

Ursodeoxycholic acid has assumed a leading position in the
treatment of liver and bile duct diseases during the last 30 years. The
scope of UDCA use (including PBC, PSC, chronic hepatitis with
cholestatic component, especially alcoholic and medicinal, cystic
fibrosis, biliary tract atresia, posttransplant cholestasis, cholestasis in
parenteral nutrition, intrahepatic cholestasis in pregnant women, chronic
viral hepatitis — in the absence of antiviral therapy or in combination
with it, NASH), has expanded in recent years and now includes the
treatment of biliary reflux gastritis and reflux esophagitis, postcholecyst-
ectomy syndrome, pores antroduodenal motility ants in various diseases
of the upper gastrointestinal tract, atherogenic dyslipidemia. Formal
indications are lysis of cholesterol gallstones in the gall bladder and
gastritis caused by bile reflux, as well as symptomatic treatment of PBC
in the compensation phase. UDCA is often used in pharmacotherapy
for other clinical conditions (acute and chronic hepatitis of different
etiology, cholestasis) (Blikhar et al., 2012; Wisher, 2012). After the
report on the dissolution of gallstones with UDCA, it was used as an
alternative to surgical methods for the treatment of cholelithiasis (Roma
etal., 2011; Zaretskiy et al., 2011).

The effectiveness and safety of UDCA drugs were studied in
particular by Ukrainian clinicians (Zaretskiy et al., 2011). In one study,
it was shown that after UDCA prescription at a dose of 15 mg/kg/day in
2-3 doses during the month, complete dissolution of concrements in
patients was observed. In all observations, concrements were small —
from a fine dispersed suspension to 7-8 mm in diameter and in plural —
from2to 5.

In another case, a clinical study was conducted on the efficacy and
safety of UDCA drugs in terms of their oral administration to 70
patients. Oral litholithic therapy is by far the only truly non-invasive
method for treatment of patients with gallstone disease (GSD). The
benefits of such therapy include: the absence of pronounced side effects,
the lack of lethality, the possibility of outpatient treatment. However, as
shown by clinical studies (Zaretskiy et al., 2011), it is possible to count
on the successful dissolution of gallstones only with strict selection of
patients: the size of concrements should not exceed 15 mmy; it should be
pure cholesterol, that is, do not give shadows on the X-ray, and should
not give an “acoustic path” to the ultrasound; the gall bladder must fully
maintain its function, and the bubble ducts must be passable; the gall
bladder should be less than half filled with stones; the bile duct should
be free from gallstones. Patients were warned that during the period of
litholithic therapy they had no right to take clofibrate, estrogens,
cholestiramine, antacids, because they contain compounds that bind
acid bile. The most important condition for the successful dissolution of
gallstones was the regularity of UDCA taking. The selection of patients
also proceeded from the fact that the most favorable conditions for oral
lithotripsy are in the early stages of the disease, with an uncomplicated
course of GSD, rare episodes of bile duct, moderate pain syndrome.

Under supervision there were 70 patients with GSD, including 18
men and 52 women. Ultrasonography of the abdominal cavity was
performed using Toshiba-33, Aloka-630 (Japan). Cholelithiasis in the
examined patients was an accidental finding, the patients did not know
about its existence. Their complaint was gravity in the right hypo-
chondrium. The examination and treatment of patients was conducted
from 2002 to 2007. The average age of the men was 564 + 2.9 years,
and the women — 48.7 + 3.4 years. In 20 people the body weight was
60-70 kg, in another 30 patients — 71-80 kg, and in the rest 20 patients —
81-90 kg. Excessive body mass was registered in half of the patients
(35 people), among them women predominated. Most of the patients
(65 people) used refined food. For all patients the functional state of the
liver was evaluated on the basis of the following biochemical
parameters: level of bilirubin, total protein and protein fractions, activity
of alanine aminotransferase (ALT), aspartate aminotransferase (AST),
gamma-glutamyltransferase (GGT), and alkaline phosphatase (ALP).
Biochemical studies of blood and ultrasound were performed after 1, 3,
6,9, and 12 months from the beginning of treatment.

In the biochemical study, some increase in the content of total
bilirubin (in 8 patients) was noted, and other indicators were within the
normal range. All patients had cholesterol gallstones that were usually
round or oval, and were identified on the basis of appropriate criteria
(Zaretskiy et al., 2011). The number of concrements in the gall bladder
was from 2 to 5. In 30 patients, the gallstones were up to 5 mm ib size,
in another 30 — to 6-8 mm, and in the rest 10 —to 10 mm.

UDCA was administered in dosage of 10 mg/kg/day. The course of
treatment ranged from 1 month to 1 year. UDCA was taken in capsules
without chewing, before bedtime. This form of drug administration
ensured its uniform release during the day. Patients were informed of
the pharmacological properties of UDCA, the duration of treatment and
the expected results. The diet No. 5 (Pevzner’s diet) was prescribed for
all patients.

One month after the beginning of the treatment, complete dissolu-
tion of gallstones was noted in 10 patients with small and single concre-
ments, after 3 months — in 26 patients, after 6 months — in 21 patients,
after 9 months — in 4 patients, and after 12 months — in 3 patients. And
in 6 patients, who had gallstones of up to 10 mm, their reduction to 2—
5 mm was identified. In one patient developed calcinosis of gallstones
was stopped with an acoustic path according to the ultrasound, and
UDCA treatment. Persons with insoluble stones had an additional 2-month
treatment course, after which the concrements completely dissolved.
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In general, in the world to date, only one meta-analysis of 23
randomized controlled trials (RCTs) has been conducted in which the
efficacy of cholelithiasis treatment with UDCA and CDCA was studied
(May et al., 1993). It covered 1949 patients who took medications at
recommended doses for more than 6 months. The best result was
achieved when UDCA was administered at a dose greater than
7 mg/kg/day. In 37.3% of patients, lysis of concretions was observed.

Although gallstones consist mainly of cholesterol and should in
theory dissolve, a large proportion of gastroenterologists still genuinely
perceive the results of this meta-analysis and consider the actual level of
gallstone dissolution to be 10%. Applicants for UDCA treatment should
have cholesterol (non-bilirubin) concrements without signs of
measuring less than 20 mm in diameter and free-swallowing choledoch.
The majority of clinicians consider UDCA to be the optimal dose for
the treatment of cholelithiasis at rates not exceeding 10 mg/kg/day,
since further dose increases do not significantly increase the effect. The
dissolution rate is about 1 mm reduction in the diameter of a gallstone
per month. The diameter of the concrement more than 20 mm
negatively affects the speed of its dissolution and the overall result of
litholithic therapy. Lack of dynamics or minimal reduction of
concrement after 6-12 months of treatment with UDCA suggests a
poor dissolution prognosis (Zaretskiy et al, 2011). The chance of
reducing the diameter of large (more than 20 mm) or multiple stones
with the help of litholithic therapy does not exceed 40-50% after the
first year of treatment (Portincasa et al., 2012).

In 2012, a meta-analysis of the hepatoprotective properties of
UDCA was performed on the results of 3 RCTs with microscopic eva-
luation of biopsy specimens. In particular, a reduction in globular in-
flammation and a level of GGT in serum was observed (Wu et al.,, 2012).

The most pronounced therapeutic effect of UDCA is observed in
patients with PBC and PSC. The performed meta-analyzes of the RCTs
showed that the drug administration not only improved the patients’
well-being and biochemical parameters, reduced their itching, but also
influenced survival. However, a new systematic review did not confirm
this (Rudic et al., 2012). The review covered 16 RCTs (1,447 patients)
and did not demonstrate significant benefits of UDCA adding to
standard circuits at endpoints such as death from the underlying disease,
death from all causes, and the need for liver transplantation. The
intensity of skin itching and fatigue were also not significantly
improved. The possible cause of inconsistency with previous outcomes
could be the predominance of patients with severe and terminal stages
of the disease when UDCA treatment could not be effective.

A similar situation was observed with the PSC patients. A group of
Greek researchers led by S. Triantos in 2011 conducted a meta-analysis
of 8 placebo-controlled studies that covered the treatment outcome of
567 patients (Triantos et al., 2011). The study was completed in the last
decade. The effect on the course of the disease of receiving high
(>15 mg/kg) doses of UDCA was studied. The drug did not contribute
to reducing mortality, intensity of itching, general weakness, the risk of
cholangiocarcinoma. The histological picture also did not change
significantly. These data were confirmed in the following year by the
meta-analysis of G. Poropat and co-authors which, despite the probable
improvement in biochemical parameters, did not show a reduction in
the risk of death and improvement of the histological picture (Chen
etal.,, 2003). UDCA did not reduce the need for transplantation, did not
prevent portal hypertension and encephalopathy.

A double-blind, double-simulated, randomized (1 : 1), cross-linked,
multi-center clinical trial was conducted in accordance with a two-stage,
group-level, adaptive design in eight centers in Germany and one in the
Netherlands. Two different UDCA drugs (pills and capsules) were
studied in this clinical trial (Hopf et al., 2013). A total of 65 patients
were recruited and randomized in the trial. The therapeutic equivalence
of UDCA tablets and UDCA capsules with the effect on serum
biochemical parameters was equal. Regarding safety, the total number
of registered adverse events (AE) was 98. AEs were reported in 43/64
(67.2%) patients. The overall incidence of AEs occurring during
treatment with UDCA tablets was very similar to their frequency when
treated with UDCA capsules: 28/62 (45.2%) patients and 29/61
(47.5%) patients respectively. Most AEs were digestive disorders

(upper abdominal pain, bloating, abdominal distension, nausea,
vomiting). No deaths were recorded during the study. However, two
serious side effects were reported due to hospitalization, which were
assessed as not related to UDCA therapy. One patient had a nasal
septum operation and one patient had the aortic valve replaced as a
result of stenosis. In general, both drugs were well tolerated, and the
safety analysis showed the same UDCA safety profile for UDCA
tablets and capsules. Three clinically relevant parameters were chosen
in this study to assess therapeutic efficacy (ALT, AST, and GGT). In
general, the maximum UDCA effect on liver function parameters was
observed after 8 weeks. Clinical efficacy of UDCA capsules and tablets
in patients with PBC was demonstrated, and confirmed by the results of
a pharmacokinetics study at a daily dose of 15 mg/kg. Both UDCA
dosage forms were well tolerated and had similar security profiles.
However, almost three times as many patients preferred to take pills
(45.3%), compared with only 15.6% of patients who preferred capsules.

According to evidence-based medicine, the hepatoprotective effect
of UDCA is currently considered ambiguous, but the use of hard
endpoints (death, organ transplant, etc.) may not always be able to
demonstrate the potency of hepatotoxic agents. Systematic reviews of
almost all authors dedicated to UDCA pharmacotherapy emphasize the
lack of high-quality randomized, high-quality randomized trials without
risk of systematic error, random errors, and shifting results. Consequent-
ly, it will be possible to prove or disprove the hepatoprotective
properties of UDCA only when conducting such studies in the future.

Recently, a relatively new and detailed study for UDCA — biliary
sludge (initial manifestation of GD) — has being conducted (Gubska,
2013). It is the possibility of prescribing UDCA for this category of
patients which makes UDCA preparations particularly interesting not
only for gastroenterologists, but also for doctors-physicians, family
physicians, etc. Sludge is defined as a viscous suspension in the cystic
bile, which includes dense structures (0.05—1.2 mm crystals) and small
concrements — up to 2-3 mm in diameter. Therefore, the synonym of
biliary glucose is biliary microlithiasis (presence in the cavity of the
gallbladder of thickened bile, which creates a clearly defined
echostructure by ultrasound, slowly moves when the patient’s position
changes). The clinical significance of biliary sludge has been debated, as
there are numerous observations of its involuntary disappearance of the
latter in a certain (18-70%) category of patients. However, biliary
sludge is rarely asymptomatic. It has been shown that in 25-70% of
patients, the presence of the biliary sludge, one way or another, is
accompanied by symptoms of biliary dyspepsia, pain syndrome (colic
in 9-15% of patients) and dysfunction of the sphincter of Oddi. Perhaps
one of the most unfavorable and terrible complications of biliary sludge,
in addition to the abovementioned attacks of biliary colic, episodes of
cholecystitis, cholangitis (including purulent), the formation of gallstone
disease and stenotic papillitis, is acute pancreatitis. According to various
authors, it is biliary sludge that causes the formation of acute idiopathic
pancreatitis in 33-90% of patients (Gubska, 2013).

In accordance with the classification of GSD by the Russian
Gastroenterologists Association (2003), biliary sludge is an early
manifestation of the disease, which is noted in its first (initial) stage
(Hohlacheva et al., 2016). Therefore, in most cases, in the presence of
biliary sludge, a drug correction is required, for example with UDCA
preparations. It is not only possible but also necessary to carry out a
successful medical prophylaxis of gallstone disease. First of all, it is
actual for overweight people who are eager to lose weight.

In 2007, recommendations were adopted in Germany for the diag-
nosis and treatment of GSD, according to which the administration of
UDCA in a daily dose of not less than 500 mg for 3-6 months signifi-
cantly reduces the risk of developing gallstone disease in the face of ra-
pid decline body weight (over 1.5 kg per week) (Lammert et al., 2007).

UDCA preparations are interesting not only for their hepatotropic
properties, but also for a large number of extrahepatic clinical effects.
Relatively new indications for the use of UDCA are reflux gastritis and
esophagitis due to alkaline biliary reflux. The hydrophilicity of UDCA
and the choleretic effect are important for esophagogastric protection.
UDCA displaces toxic hydrophobic bile acids due to competitive
capture of receptors. Important is the induction of cholerexis, when bile-
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rich bicarbonate contributes to the elimination of toxic bile acids
through the intestine.

It has been established that alkaline gastroesophageal reflux occurs
in 5-20% of patients with gastroesophageal reflux disease (GERD).
During the pathological rejection of duodenal reflux, the destruction of
the mucin barrier of the esophagus mucosa is accompanied by
aggressive pancreatic enzymes (especially trypsin) and bile acids, which
complicates the course of the GERD and ultimately — may be
complicated by the development of the Barrett esophagus and the
adenocarcinoma of the esophagus (Gubska, 2013).

Recent studies have shown that with bile reflux, the optimal dose of
UDCA is 500 mg per day (250 mg in 2 doses) due to the ability of the
bile acids contained in the refluxate to pass through the UDCA in a
water-soluble form that to a lesser extent irritates the mucous membrane
of the stomach and esophagus. The course of treatment for biliary reflux
is at least two months. The share of UDCA in gastric contents is
increased to 50% with decreasing of the content of gastric and
deoxycholic acids, the concentration of CDCA does not change. In
experiments and clinical studies, the cytoprotective properties of UDCA
for the protection of the mucous membrane of the stomach and
esophagus have been demonstrated (Thao et al., 2008; Chernobrovy
etal.,, 2013). This is due to UDCA in the phospholipid layer of the cell
membrane, which contributes to its stabilization and increased
resistance to damaging factors. In addition, the prescription of UDCA
drugs reduces the subjective findings of gastric dyspepsia.

It should be noted that extrahepatic UDCA effects are related to
inflammatory bowel disease, as well as primary and secondary
prevention of colorectal cancer as a result of inflammatory bowel
disease. Thus, the UDCA prophylactic effect on colorectal cancer is that
patients with poorly differentiated dysplasia who received UDCA for
2 years did not show deterioration, while 22.2% of patients who did not
take UDCA had progression to dysplasia up to the need for colectomy.
In the study of Alberts et al. (2005) the effectiveness of secondary pre-
vention of oncogenesis in 661 patients who received UDCA for 6
months has been proved.

Clinical trials in patients with primary biliary cirrhosis indicate that
the conjugate of ursodeoxycholic acid with taurine (TUDCA) has
metabolic properties that can promote its long-term use as an alternative
to ursodeoxycholic acid for patients with chronic cholestatic liver disease.
However, direct comparison of TUDCA and UDCA in primary biliary
cirrhosis has not been carried out for a long time (Larghi et al., 1997).

Finally, the effects of ursodeoxycholic and tauroursodeoxycholic
acids were compared in 23 patients with PBC in a cross-linked clinical
trial (Larghi et al., 1997). Both drugs were administered randomly, at a
daily dose of 500 mg for two 6-month periods separated by a 3-month
washout period. The biochemical parameters of blood serum (levels of
activity of enzymes reflecting the functional state of the liver and asso-
ciated with cholestasis and cytolysis) consistently improved compared
to baseline values, both when administered with ursodeoxycholic and
with the administration of taurouxedoxycholic acid, but no significant
differences were found between the pharmacological effects of these
two bile acids. Both preparations were well tolerated and none of the
patients complained of side effects. In the short term, tauroursodeoxy-
cholic acid appears safe and, at least as effective as ursodeoxycholic
acid, as a means of PBC treatment (Larghi et al., 1997).

Another group of researchers also showed interest in tauroursodeo-
xycholic acid, which, due to its high hydrophilicity, may have a
significant therapeutic value in the treatment of chronic cholestatic liver
disease. They conducted a study of the dependence of the pharmacolo-
gical effect of TUDCA on its dose in 24 patients with PBC that were
randomly assigned to receive 500, 1000, and 1500 mg of TUDCA per
day for six months. It was shown that the level of UDCA bile saturation
was in the range from 15% to 48% and was not related to the dose of
the drug. The biochemical parameters of blood serum (levels of activity
of enzymes reflecting the functional state of the liver and related to
cholestasis and cytolysis) decreased significantly after the first month of
treatment with all three doses of TUDCA. There were no significant
differences between the three doses at the time of interim control, but
further further reduction of biochemical parameters occurred in patients

with the administration of 1000 and 1500 mg of TUDCA per day.
The level of total cholesterol and cholesterol in high density lipoprotein
decreased significantly in patients who received two higher doses.
Diarrhea was the only side effect. The final analysis of all data obtained
from a clinical study indicated that the TUDCA dose of 10 mg/kg/day
is optimal for use in long-term studies in patients with primary biliary
cirrhosis (Crosignani et al., 1996).

As shown by these studies, the conjugation of taurine with bile
acids not only increases their hydrophilicity and solubility, but also
significantly affects the solubility of cholesterol, increasing its excretion.
The introduction of not only TUDCA, but also itself, of taurine, has led
to reduction of serum cholesterol levels in sick people. In a clinical blind
placebo-controlled study, 22 healthy male volunteers aged 18-29 were
randomly assigned to two groups that received a high-fathigh
cholesterol diet for three weeks to raise serum cholesterol levels. The
experimental group received 6 grams of taurine every day. At the end of
the trial period, the control group had significantly higher levels of total
cholesterol and cholesterol in the low density lipoprotein group than in
the taurine group (Mizushima et al., 1996). The ability of taurine to
improve the lipid profile was also studied by other scientists (Zhang
etal.,, 2004; de la Puerta et al., 2010).

A number of clinical trials investigated the choleretic and hypo-
lipidemic properties of artichoke extract and its effects in patients with
symptoms of dyspepsia. A randomized, double-blind, placebo-control-
led, cross-sectional study involving 20 volunteers was conducted to
evaluate the choleretic effect of a single administration of an artichoke
extract at a dose of 1.92 g. Monitoring of intra-ocular secretion of bile
was carried out using multichannel probes starting from 30 minutes
after the administration of the drug and within 4 hours after it. Increases
in bile secretion were observed in both groups: with the introduction of
artichoke extract and placebo. The maximum increase in bile secretion
in the group with the administration of the artichoke extract was 152%
and was reached 60 minutes after taking the drug, and in the placebo
group — 40% and reached in 30 minutes. Differences between the
groups with artichoke extract and placebo were statistically significant
30, 60, and 90 minutes after the administration of the drug (P < 0.01),
and 120 and 150 minutes after taking the drug (P < 0.05) (Kirchhoff et
al., 1994). The results of other clinical studies (both placebo-controlled
and uncontrolled) regarding the choleretic effects of artichoke extract
were summarized in the review (Kraft, 1997).

The effect of artichoke extract was also investigated in several
studies in patients with non-specific complaints about the gastrointesti-
nal tract, including dyspepsia, functional disorders of the bile ducts,
constipation and stomach irritation. Patients were given up to six
capsules of artichoke extract daily for six weeks (during the first study)
or six months (during the second study). One capsule contains 320 mg
of standardized artichoke water extract. Both studies noted improve-
ments in clinical symptoms and decreased total cholesterol and triglyce-
rides levels (compared with baseline values) in patients’ blood serum.
An analysis of the subgroup of 279 patients with at least three out of five
symptoms of irritable bowel syndrome indicated a significant reduction
in the severity of symptoms after taking artichoke extract (Bundy et al.,
2004). The effectiveness of artichoke extract in patients with hyperlipo-
proteinemia was evaluated in a randomized, double-blind, placebo-
controlled, multicenter study involving 143 patients with initial concen-
trations of total cholesterol > 7.3 mmol/l. Participants received artichoke
extract at a dose of 1800 mg per day in two divided doses, or placebo
for six weeks. At the end of the study, the average concentration of total
cholesterol decreased in the group with the introduction of artichoke
extract 18.5% and in the placebo group at 8.0% respectively (P <
0.0001) (Englisch et al., 2000).

Treatment with artichoke extract also led to a significant reduction
in low density lipoprotein cholesterol compared to placebo (P =0.0001)
following a randomized, double-blind, placebo-controlled study of
artichoke extract (Sahebkar et al., 2017). The average baseline total
cholesterol for participants in this study was low. Analysis of results in
subgroups revealed hypolipidemic effects of artichoke extract. However,
the number of participants included in this trial was small and insuffi-
cient. A series of three open, uncontrolled studies on the administration
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of concentrated artichoke juice (obtained from fresh leaves and flower
buds) at doses of 10 ml three times a day for 12 weeks to 84 patients
with secondary hyperlipidemia (Wider et al., 2009) was also conducted.
Six weeks after treatment, the concentration of total cholesterol, low
density lipoprotein cholesterol and triglycerides decreased, while the
high-density lipoprotein cholesterol tended to increase.

A number of clinical trials investigated treatment of gynecological
and even oncological diseases (concomitant therapy) by preparations
based on 4. sinensis extract. But we focus on those studies in which the
anti-spasmolytic effect was important as well as its application in gastro-
enterology. One study described the retrospective observation of the
treatment of a group of 200 gynaecological outpatients with dysmenor-
thea, irregular menstruations, aged 1646 and treated with the product
‘Concentrated Danggui Wan’ and another combination of Angelica and
Astragalus. One hundred and forty-eight patients were in the treatment
group, 52 in the comparator group. Diseases persisted from 6 months to
12 years, average 5 years. Inclusion criteria covered three groups of
symptoms, defined as following. Dysmenorrhea: premenstrual and
menstrual abdominal pain affecting work and daily activities, unstable
effects of antispasmodic treatment. Irregular menstrual cycle: menstrual
cycle shorter than 20 days or longer than 35 days, or in 2 consecutive
months the menstruation lasted for more than 7 days. Reduced men-
strual flow: menstrual period less than 2 days or progressive decline of
menstrual flow. The treatment group (148 cases) was treated daily with
product Concentrated Danggui Wan. Each dose unit “pill” contained
0.25 g of the drug. Twice a day 10-20 pills were taken each time with
lukewarm water. Each treatment lasted for 4 weeks, and each patient
received 2-3 treatments. The control group (52 cases) took large honey-
based Angelica pills daily (ingredients of the pills were Angelica and
Astragalus), twice a day, 9 g each time. Each treatment lasted for
4 weeks, and each patient normally received 2—3 treatments. During the
treatment, all other medications for dysmenorrhea and irregular menst-
ruation were prohibited. Effects of the treatment and the side-effects
were measured. Results of treatment were assessed in a 3-step scale.
Significantly effective: abdominal pain is reduced after the treatment
and it no longer affects daily activities and work; menstrual cycle
becomes largely normal, i.e., less than 5 days early or late; the flow
increases at least one third as compared to before the treatment;
menstruation lasts for 5-7 days, and other symptoms have disappeared
or been alleviated. Effective: abdominal pain is reduced. With the help
of painkillers, a patient can remain at histher job. Symptoms of
menstrual problems have become less severe but improvements are
limited as compared to the “very effective” result. Ineffective: no
improvements with abdominal pain and other problems. Menstrual
cycle and flow have shown no changes. Therapy in the treatment group
was assessed as significantly effective in 59/148 patients (39%),
effective in 81/148 (54%) ineffective 7/148 (4%). Therapy in the control
group was assessed as significantly effective in 27/52 patients (52%),
effective in 18/52 (34%) ineffective in 7/52 (13%) patients. The author
states that “there have been no clear side-effects in using Concentrated
Danggui Wan for treating dysmenorrhea and irregular menstruation”. In
a few cases the patients developed mild nausea but the symptom
quickly disappeared when the treatment was halted; there is no more
detailed data (Dymowski, 2013).

The aim of another study (Dong et al., 2004) was to explore the
abnormal function of platelets and the role of Angelica sinensis injection
(AS]) in patients with ulcerative colitis (UC). In 39 patients with active
UC, 25 patients with remissive UC and 30 healthy people, o-granule
membrane protein (GMP-140) and thromboxane B2 (TXB2) were
detected by means of enzyme-linked immunosorbent assay (ELISA), 6-
keto-PGFla was detected by radioimmunoassay, platelet count (PC)
and 1 min platelet aggregation rate (1 min PAR) were detected by blood
automatic tester and platelet aggregation tester respectively, and von
Willebrand factor related antigen (VWF:Ag) was detected by the means
of monoclonal-ELISA. The 64 patients with UC were divided into two
therapy groups. After routine treatment and Angelica sinensis injection
(ASI) + routine treatment respectively for 3 weeks, all these parameters
were also detected. The PC, 1 min PAR and levels of GMP-140,
TXB2, and vVWF:Ag in active UC were significanrly higher than those

in remissive UC and normal controls (P < 0.05-0.01). Meanwhile, 1
min PAR and levels of GMP-140, TXB2, and vWF:Ag in remissive
UC were still significantly higher than those in normal controls (P <
0.05). Furthermore, 6-keto-PGF1a level in active and remissive UC was
remarkably lower than that in normal control (P < 0.05-0.01). These
parameters except 6-keto-PGFla were significantly improved after the
treatment in the ASI therapy group (P < 0.05-0.01), whereas they all
were little changed in the routine therapy group (P > 0.05). The authors
conclude that platelets can be significantly activated in UC, which
might be related to vascular endothelium injury and imbalance between
TXB2 and 6-keto-PGFla in the blood. ASI can significantly inhibit
platelet activation, relieve vascular endothelial cell injury, and improve
microcirculation in UC.

The use of Angelica sinensis preparations for stopping bleeding
from haemorrhoids has been reported (Gan et al., 2010). Limited, weak
evidence showed that some herbal formulae, when including Radix
Sanguisorbae, Radix Rehmanniae, Fructus Sophorae, Radix Angelicae
Sinensis, Radix Scutellariae, etc., may alleviate some symptoms caused
by haemorrhoids. These include hematochezia, congestive haemor-
rhoidal cushions and inflammation of perianal mucosa in the short term.

Own clinical studies of the preparation

Opver the past few years, a certain experience of use of Choloplant-
Tau capsules preparation (artichoke leaf extract 200 mg,
ursodeoxycholic acid 100 mg, taurine 100 mg, and Angelica sinensis
extract 50 mg) (UA Pro-Pharma LLC, Ukraine) in the treatment of
biliary pathology has been accumulated (Anokhina et al., 2014;
Zvyagintseva et al., 2014). In particular, the use of the preparation in
combination therapy in patients with dysfunction of the sphincter of
Oddi was investigated (Zvyagintseva et al., 2014).

Usage of this drug substances complex allows effectively resto-
ration of the drainage function of the biliary tract, improvement of the
bile drainage, reduction of the lithogenic properties of bile, which helps
to prevent the formation of concrements, normalization of the motor
function, biliary tract, restoration of the tone of the sphincter of Oddi,
and increases the antioxidant protection the body. The clinicians exa-
mined 23 patients with Oddi’s sphincter dysfunction after cholecystec-
tomy with a disease duration of up to 2 years, aged 19-74 (mean age
54.05 + 3.22 years), and evaluated the clinical efficacy of the preparation.
The diagnosis was verified using clinical, laboratory and instrumental
research methods. Before treatment, moderate pain and feeling of
heaviness in the right hypochondrium was observed in 21 patients
(91.3%), bitterness in the mouth — in 14 (60.9%), nausea — in 18
(78.2%)), flatulence — in 16 (69.5%), a stroke violation — in 12 (52.1%).
The biochemical parameters of cholestasis before treatment were biliru-
bin — 34.6 & 2.7 pmol/l, cholesterol — 8.3 + 0,6 mmol/l. With ultrasound,
the enlargement of the choledochus was detected in 22 (95.6%)
patients. Patients took the drug in 2 capsules 3 times a day. The efficacy
of the drug was evaluated on the 21st day of treatment. After treatment,
pain and severity in the right hypochondrium disappeared in all patients
who had complaints (100%); bitterness in the mouth and nausea —in 16
(69.5%) and 20 (86.9%), flatulence — in 14 (60.8%) patients, normaliza-
tion of the stool occurred in 11 (47.8%) patients. In assessing the bio-
chemical parameters in all patients, the normalization of the indicators
was observed. The level of total bilirubin in the blood serum decreased
2-fold and amounted to 17.3 £ 2.7 umol/l on average, and cholesterol
level was 5.8 £ 0.3 mmol/l (P < 0.05 compared with the corresponding
indicator before treatment). According to the ultrasound, the choledoch
dimensions reached norm in 19 (82.6%) patients. The obtained results
testify to the expediency of the use of the drug in the treatment of Oddi’s
sphincter dysfunction after cholecystectomy, since it has a pronounced
therapeutic effect in this pathology, contributes to the reduction of litho-
genic properties of bile, prevents the development of gallstone formation.

Pharmaceutical quality profile for new preparation

When developing the quality specification for a new drug, the re-
sults of our previous studies and the experience of other authors regar-
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ding the analytical standardization of UDCA based drugs and phyto-
pharmaceutical products (Dhami et al., 2015; Galkin et al., 2011; Galkin
et al., 2013; Gontova et al. 2016; Lutsenko et al., 2017; Ramaekers et
al., 2017), as well as regulatory requirements (European Pharmaco-
poeia, Ph. Eur. 9th Edition) were used.

The specification for the preparation has been developed in
accordance with the requirements of the “Note for Guidance Specifi-
cations: Test Procedures and Acceptance Criteria for New Drug Sub-
stances and New Drug Products: Chemical Substances” (CPRM/ICH/
367/96) and the manufacturer’s specifications for the UDCA, taurine
and artichoke extract.

Identification test. This specification test is proposed as additional to
the determination of the quantitative content of the main active substan-
ces. Identification is carried out in accordance with the following methods.

The identification of the artichoke extract is carried out by the
determination of hydroxycholic acids, which are the main active
ingredients of dry extract of artichoke leaves (Cynara scolymus L.).
This is done by adsorption spectrophotometry in the ultraviolet region,
according to the requirements of Ph. Eur., 2.2.25, in assay test. The
ultraviolet absorption spectrum of the test solution in the region from
250 nm to 400 nm should have a maximum absorption at the
wavelength 327 + 2 nm and a shoulder in the region 300 & 2 nm, since
this spectrum is characteristic of the chlorogenic acid, which is the
dominant hydroxychric acid in dry extract of artichoke leaves.

The identification of the ursodeoxycholic acid is carried out by
liquid chromatography, according to the requirements of Ph. Eur.,
2.2.29, at the same time as assay test. The retention time of the main
peak of the ursodeoxycholic acid obtained on the chromatogram of the
test solution was compared. It should correspond to the time of holding
the peak of the ursodeoxycholic acid on the comparison solution
chromatogram.

The identification of taurine is carried out by thin-layer
chromatography according to the requirements of Ph. Eur., 2.2.27,
simultaneously with the test “Impurities of taurine”. On the chromato-
gram of the solution tested, the taurine spot by location, form and color
must correspond to the spot of the taurine of the comparison solution.

The identification of polyphenolic compounds to the 4. sinensis
extract is carried out by qualitative reaction with phosphoric-
molybdenum-tungsten reagent P (the appearance of a blue color).

Test “Uniformity of mass”. No more than 2 individual masses
deviate from the average mass by more than 7.5%, and none of them
will deviate by more than 15.0%. This regulation is proposed on the
basis of experimental data.

Test “Related impurities”. Requirements for impurities are set
according to “Note for Guidance on Impurities in New Drug Products”
(CPMP/ICH/2738/99).

Related impurities of ursodeoxycholic acid. Impurity A (xenodeo-
xycholic acid) and impurity C (lithocholic acid) are specific impurities
of the ursodeoxycholic acid. The tests are carried out by the HPLC
method (impurity A, unidentified impurities, amount of impurities) in
accordance with the requirements of Ph. Eur., 2.2.29, and by TLC
(impurity C) according to the requirements of Ph. Eur., 2.2.27. On the
chromatogram of the solution to be tested, the peak area of the impurity
A (xenodeoxycholic acid) should not exceed 10 times the area of the
main peak on the chromatogram of the comparison solution (1.0%); the
area of any other impurity should not exceed the area of the main peak
on the chromatogram of the comparison solution (0.1%). The sum of
the areas of the peaks of all impurities should not exceed 15 areas of the
main peak on the chromatogram of the comparison solution (1.5%). An
impurity C (lithoacid acid) can be detected by the HPLC method, but in
the determination of other contaminant impurity of ursodeoxycholic
acid, the lithoholic acid has a retention time of more than 90 minutes on
the chromatogram.

Thus, the determination of the impurity is proposed to be carried
out by the TLC to the requirements of Ph. Eur., 2.2.27, according to the
method of the corresponding monograph on the ursodeoxycholic acid
on a silica gel plate in a mobile phase ice acetic acid : acetone : methy-
lene chloride (1 : 30 : 60) after treatment with a solution of phosphoric
molybdic acid in a mixture of sulfuric acid and acetic acetic acid and

heating. Stains of vaginal acids acquire a blue color. In this case, the
stain of the impurity C with the intensity and size is not more intense
than the acid stain of the ursodeoxycholic acid on the comparison
solution (less than 0.1%).

Related impurities of taurine. The determination is carried out by
the TLC according to the requirements of Ph. Eur., 2.2.27, on Silicagel
60 F 254 plate in the mobile phase butanol : ice acetic acid : water (60 :
20 : 20) after treatment with ninhydrin solution and heating. Solutions of
amino acids, polypeptides, peptones and primary amines when heated
with ninhydrin (1,2,3-indanthion) acquire a blue or violet color. In this
case, no stain of the impurity should exceed the size and intensity of the
staining of the taurine spot on the comparison solution (less than 0.5%).

Dissolution test. Tests are conducted in six units in accordance with
the requirements of the Ph. Eur., 2.9.3, with the use of a blade device.
The amount of ursodeoxycholic acid, which has been transferred to the
solution, is determined by HPLC according to the requirements of Ph.
Eur., 2.2.29. For the preparation, it is proposed to use one study point for
the release of active substances, since it relates to a normal release do-
sage forms with normal release containing rapidly soluble active sub-
stances. The pH of the dissolution medium (synthetic gastric juice,
pH 8.0, without pancreatin) given in the United States Pharmacopeia
monograph for tablets of ursodeoxycholic acid is not suitable for its
determination in the presence of other active substances and concomi-
tant substances (the effect of the physicochemical properties of the
substance and the auxiliary substances) — there is no peak of the urso-
deoxycholic acid on chromatogram of the test solution. The same is
observed for the dissolution medium — the synthetic intestinal juice,
pH 6.8, without pancreatin. However, taurine is reliably determined in
these conditions.

In order to optimize the technique of dissolution test and
simultaneously determine the ursodeoxycholic acid and taurine in the
preparation as a dissolving medium, it is proposed to use water P. In this
case, the ursodeoxycholic acid and taurine that have been transferred to
the solution are reliably determined, which is confirmed by the validati-
on data and experimental data obtained in the step pharmaceutical deve-
lopment. In this way, the tests are carried out in water for 45 minutes.
The drug can withstand the test if the amount of ursodeoxycholic acid
and taurine that has passed into the solution in 45 minutes is at least
85% (Q+5%) of the nominal content. This regulation is proposed on the
basis of experimental data and Ph. Eur., 2.9.3, for solid dosage forms
with traditional release.

Disintegration test. The time of full disintegration in water (disc
method) should be no more than 30 minutes. This regulation is
proposed on the basis of experimental data (Ph. Eur., 2.9.1, test A).

Test “Uniformity of dose units”. The determination is made by
the calculation and weighting method for taurine, since the content of
this component is greater than 25 mg and is more than 25% of the
weight of the dosage form. The determination is carried out by a direct
method for the artichoke extract and the ursodeoxycholic acid, since the
drug substances content is less than 25% of the total weight of the
medicinal product. Calculate the acceptance value AV using the
reference number M for case 1. The AV for the first 10 units is less than
or equal to L1 = 15, or the final AV calculated from 30 units is less than
or equal to L1 = 15 and no individual contents in the dosage unit is not
less than 0.75 M and not more than 1.25 M. The result must meet the
requirements of the Ph. Eur., 2.9.40. This parameter is controlled during
the release of the series and is not critical for the stability studies.

Microbiological purity test. In accordance with the requirements of
the general article Ph. Eur., 5.1.4, the eligibility criteria for the microbio-
logical purity of the finished non-sterile administered medicinal
products for oral use are included in the specification. Tests are conduc-
ted in accordance with the requirements of Ph. Eur., 2.6.12, 2.6.13.
The following conditions were established: the total number of aerobic
microorganisms (TAMS) < 10° CFU/g, the total number of yeast and
mold (TYMS) < 10? CFU/g, the absence of Escherichia coliin 1 g.

Assay test. It is proposed to set the limit of quantitative content +
5% to the declared quantity of active substances during release and +
10% during the storage period. The quantitative content of the ursodeo-
xycholic acid is determined by HPLC according to the requirements of
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Ph. Eur., 2.2.29, based on the average weight of the dosage form with
refractometric detection on a column filled with 5 um octadecyl
silicagel, 4.6 x 150 mm. The content of the ursodeoxycholic acid should
be 95-105% of the normal amount at release and from 90% to 110% up
to the shelf life. This regulation is proposed on the basis of experimental
data and requirements of Ph. Eur.

The quantity of artichoke extract is determined by the content of the
hydroxycholic acid, based on the average weight of the dosage form, by
the absorption spectrophotometry method in the UV region at 327 +
2 nm, using the optical absorption index of chlorogenic acid. The con-
tent of hydroxycinnamic acids should be not less than 5.0 mg, in terms
of chlorogenic acid on average weight. This regulation is proposed on
the basis of experimental data (Ph. Eur., 2.2.25).

The quantitative content of taurine is determined by the acid-base
titration method. Taurin, due to the amphoteric nature, can not directly
titrate with alkaline solution. Titration is possible if the amino group is
blocked by the action of formaldehyde. The formed compound can be
titrated alkalimetrically with a phenolphthalein indicator. The content of
taurine should be 95-105% of the normal amount at release and from
90% to 110% up to the shelf life.

Conclusions

An overview of our own data and data from the literature on the
pharmacological and clinical study of a fixed combination of medicinal
substances (artichoke leaf extract 200 mg, ursodeoxycholic acid 100
mg, taurine 100 mg, and Angelica sinensis roots extract S0 mg), as well
a scientific substantiation of the pharmaceutical quality profile of the
corresponding finished solid dosage form has been conducted. It is
substantiated that this drug is a fixed combination of medicinal
substances with well-researched medical applications in the treatment of
dyspeptic disorders with functional disorders of the biliary system,
biliary dyskinesia of the hypokinetic type, and gastritis with reflux of
bile. Each of the components of the fixed combination has an important
influence on the human hepatobiliary system. The effect of ursodeoxy-
cholic acid is due to the relative replacement of lipophilic toxic bile
acids, improving the secretory capacity of hepatocytes and immunore-
gulatory processes, which is especially important in liver and cholestatic
diseases. Taurine is a synergist of ursodeoxycholic acid, since it forms
biliary conjugates in the liver. The artichoke extract has choleretic,
hepatoprotective and diuretic effects, while the A. sinensis roots extract
demonstrates moderate spasmolytic and anti-inflammatory properties.
The fixed combination has a favorable safety profile, has been
investigated in clinical conditions in vivo both in the form of individual
components and in the form of a single drug. A fixed combination
pharmaceutical profile is based on the general requirements for solid
dosage forms, as well as experimentally substantiated specific indicators
and research methods.
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Introduction

Ryznychuk, M. O., Khmara, T. V., Kryvchanska, M. L., & Zamorskii, 1. 1. (2018). Hereditary tubulopathies including
the associated bone disease. Regulatory Mechanisms in Biosystems, 9(1), 41-46. doi: 10.15421/021805

Tubulopathy is a heterogeneous group of diseases combined by the nephron functions disorders of one or more
enzyme proteins in the tubular epithelium that cease to function as a reabsorption of one or several substances filtered
from the blood through the glomeruli into tubules, which determines the development of the disease. This review
addresses the tubulopathies accompanying bone disease, namely: de Tony-Debre-Fanconi syndrome (autosomal
dominant, autosomal recessive, X-linked), renal distal metabolic acidosis type I (classic, autosomal dominant,
autosomal recessive inheritance), renal distal tubular metabolic acidosis I (autosomal dominant, autosomal recessive
inheritance) and type II (autosomal recessive inheritance accompanying delayed mental development and eye
disorders), combined distal and proximal renal tubular metabolic acidosis type III (autosomal recessive inheritance
characterized by osteoporosis), hypophosphatemia rickets (X-linked dominant, autosomal dominant, primary
hypercalciuria, autosomal recessive inheritance). However, the diagnosis of tubulopathy remains complex and requires
expensive laboratory equipment and specialist expertise; it can be diagnosed in children showing the following
symptoms: impaired growth, vitamin D resistant rickets (lower limb deformities between 2 and 3 years of age). In the
evaluation of such patients urine analysis is commonly used (levels of calcium, phosphorus, pH, bicarbonate, sodium,
potassium, glucose, creatinine, protein, amino acids), blood count (levels of creatinine, uric acid, alkaline phosphatase,
glucose, pH and sodium, bicarbonate, potassium, chloride, calcium, phosphorus ions), ultrasound of the kidneys to
detect nephrocalcinosis. Determination of serum parathyroid hormone concentration, vitamin D metabolites,
aldosterone and plasma renin activity, cysteine lymphocyte concentration (suspicion to diagnose cystinosis) and
ophthalmologist examination may also be used as additional diagnostic methods. Despite the fact that most
tubulopathies can be diagnosed clinically, molecular genetic studies are needed to clarify the type of inheritance and
prognosis. The use of calcitriol will help in the management of phosphorous levels in the blood. Correction of vitamin
D deficiency state is not required. Calcitriol supplementation may prevent secondary hyperparathyroidism resulting
from increased phosphate intake.

Keywords: vitamin D resistant rickets; children; hypophosphatemia; genes

increases with further study of the pathophysiology of the kidneys.
According to some authors, it is advisable to classify tubulopathies

Tubulopathies form a heterogeneous group of diseases combined
by the presence of disorders in the tubular epithelium of the nephron
functions of one or more enzyme proteins that cease to function as
reabsorption of one or several substances filtered from the blood
through the glomeruli into tubules, which determines the development
of the disease. By origin they are classified into primary and secondary
tubulopathies. The primary ones involve a hereditary defect of the genes
that regulate the function of a particular tubular enzyme, resulting in the
development of pathology usually from the first months or years of life
of the child. Currently, not all genes are known, the mutation of which
leads to the development of hereditary tubulopathies.

Based on the etiology, primary tubulopathy is divided into proximal
(different forms of Fanconi syndrome, glycineuria, cystonuria, phos-
phate diabetes, renal tubular acidosis type II (in children), renal glucose-
uria, etc.), distal (renal tubular acidosis type I, nephrogenic diabetes
insipidus, pseudogiopoaldosteronism) and mixed, and by the number of
disturbed functions, such as isolated (monosymptomatic) and combined
(polysymptomatic).

For a practical physician a classification based on the isolation of
the leading clinical symptom complex is considered optimal. At present,
more than 30 different primary tubulopathies are known, their number

according to the leading clinical manifestation. The classification below
does not purport to represent all existing hereditary tubulopathies and is
limited to the most common diseases.

According to the main syndromes, tubulopathies can be divided
into three groups:

1. Tubulopathies accompanying bone diseases (primary de Toni-
Debre-Fanconi syndrome (autosomal dominant, autosomal recessive,
X-linked), renal distal metabolic acidosis type I (classic, autosomal do-
minant, autosomal recessive inheritance), renal distal tubular metabolic
acidosis I (autosomal dominant, autosomal recessive inheritance) and
type II (autosomal recessive inheritance accompanied by delayed
mental development and eye disorders), combined distal and proximal
renal tubular metabolic acidosis type III (autosomal recessive inheri-
tance characterized by osteoporosis), hypophosphatemia rickets (X-
linked dominant, autosomal dominant, primary hypercalciuria, autoso-
mal recessive inheritance).

2. Hereditary tubulopathies accompanying polyuria (renal glycos-
uria, nephrogenic diabetes insipidus, pseudo hyperaldosteronism).

3. Hereditary tubulopathies characterized by nephrolithiasis (cystin-
uria, glycosuria, primary hyperoxaluria, xanithinuria, alkapthonuria,
Dent discase).
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We provide a brief overview of the tubulopathies associated with
bone disease.

Primary de Toni-Debre-Fanconi syndrome (OMIM 134600,
613388, 615605, 616026)

Syn.: Fanconi syndrome, glucoaminophosphate diabetes, glucose-
phamide diabetes, rickets hereditary vitamin D-resistant, idiopathic Fan-
coni syndrome, Fanconi hereditary syndrome, Renal Fanconi syndrome,
Fanconi syndrome, Primary de Toni-Debre-Fanconi syndrome, Inheri-
ted Fanconi syndrome.

Fanconi syndrome is divided into four types: type I (OMIM
134600), type II (OMIM 613388), type I (OMIM 615605), type TV
diabetes with MODY (OMIM 616026).

In its complete form, Fanconi syndrome (disease) is characterized
by a triad of symptoms: hypophosphatemia associated with bone disease,
excessive renal wasting of glucose and amino acids, arising as a result of
violations in the proximal segment of the nephron (Bacconi et al., 2005).

Is associated with the most severe types of prolapsed tubulopathies.
The disease is genetically predisposed (Bai et al., 2004; White et al., 2005).

Among other researchers, a Swiss pediatrician Fanconi was the first
to describe the particular signs of the disease. In 1931, he described a
child with dwarfism, rickets, glycosuria and albuminuria. Two years
later, de Toni found hypophosphatemia to be further clinical evidence
and, later on, Debré determined elevated levels of organic acids in urine,
called aminoaciduria (Younes et al., 2003; Zivicnjak et al., 2011).

Aetiopathogenesis

It is believed that the genetically determined defects of enzymatic
phosphorylation in the renal tubules (combined tubulopathy); deficiency
of enzymes from the complexes II and III (succinate dehydrogenase and
cytochrome oxidase) of the respiratory chain are the basis of the disease.
Some authors believe that the basis of the disease is mitochondrial
genesis (Lichter-Konecki et al., 2001; Watanabe, 2017).

These mutations lead to various defects in the renal proximal tubu-
les leading to excessive urinary waste of phosphates, glucose and amino
acids, as well as to the acid-base imbalance. Metabolic acidosis and in-
sufficiency of phosphorus compounds can also contribute to bone de-
formities (osteomalacia (adults) and rickets (children)) (Pishak et al., 2015).

Based on its etiology, the syndrome can be divided into two main
categories: primary (hereditary) and secondary (acquired). The second-
dary one is the most common.

The primary (hereditary) syndrome resulting from a genetic mutati-
on occurs in approximately 1 in 20.000 births, de Tony-Debre-Fanconi
disease occurs in approximately 1 in 40.000 births. This disease is
believed to be caused by the damage to the transport systems in the
proximal tubules resulting in disruption of phosphate, glucose and
amino acids transportation. Typical episodic features include dehydra-
tion, symptoms of rickets and delayed growth. Sometimes the disorder
manifests itself at an older age as a renal failure (Tasic, 2008; Besouw
etal.,, 2017). Damage to the sodium transport systems in the proximal
tubules (for example, in acute renal failure) leads to a pronounced
sodium reabsorption and tubular acidosis disorder, hydrogen ion
transport and proximal tubules reabsorbed substances can be disrupted:
glucose, phosphate, uric acid, amino acids.

An acquired Fanconi syndrome develops associated with other
hereditary disorders or kidney diseases, namely: congenital metabolism
or transport disorders (cystitis, tyrosineemia type I, glycogenosis type
X1, galactosemia, congenital intolerance to fructose, Wilson disease,
oculocerebrorenal syndrome (Lowe syndrome), vitamin D-resistant
rickets, impaired energy metabolism, McArdle-Schmid-Pearson disease,
cytochrome C oxidase deficiency (COX deficiency), pyruvate carboxy-
lase (PC) deficiency, camitine palmitoyltransferase I (CPT I) deficien-
cy); chronic diseases (paraproteinemia (multiple myeloma), tubulointes-
titial nephropathies, nephrotic syndrome, nephropathy in renal trans-
plant allografts, malignant tumors (paraneoplastic disease)); heavy me-
tal salts intoxication (mercury, lead, cadmium, uranium); organophos-
phate poisoning (toluene, maleic acid, lysol); drug-induced toxicity (pla-
tinum-based agents, expired tetracycline and gentamicin), severe burns.
The syndrome may be complete if these three symptoms (glycosuria,

phosphaturia and aminoaciduria) are observed and incomplete if there
are only two of them:

— glycosophosphamide diabetes without acidosis (described by
Dent and Kyle);

— phosphoglucide diabetes (described by Mac Cune);

—aminophosphoricdiabetes(described by Jonxin, Wallgren and Nicola);

— glucosamine diabetes (described by Juillard and Fischer).

Clinical evidence

The severity of clinical manifestations and metabolic disorders may
differ depending on two clinical and biochemical variants of the disease:
in children (early) and adults (late). The pediatric form arises during the
1st year of life and manifestations can include frequent vomiting, loss of
appetite, mental and physical developmental delay, a tendency to severe
infectious diseases. Gradually there is a proportional dwarfism, rickets
and renal insufficiency.

Early dwarfism: intense increase in the rate of growth in height and
weight (up to 30%) that occurs during the 5—6 of normal growth and
weight gain.

Median age at diagnosis of rickets is 10-12 months; it is characteri-
zed by a topographical specificity: the skull is deformed by localized
impact; in contrast to fractures in the thoracic (mid back) spine and
limbs. Bone pain of moderate intensity primarily tends to be localized in
the limbs and spine. It is associated with severe hypocalcaemia (1.6—
1.8 mmol/L) and reduced intestinal calcium absorption.

Polydipsia and polyuria are common for the beginning of the
disease, progressively intensifying and systematically regressing at
different age periods, but never go away completely.

General symptoms of chronic inflammatory myopathy include
slow but progressive muscle weakness and transverse abdominal dis-
ruption. It is marked by frequent constipation.

Eye disorders: pigment retinitis, congenital cataracts. Renal failure
progresses into a chronic kidney disease between 8—14 years.

The late syndrome is generally noticed between 3 and 6 years of
age; it is accompanied by the delayed changes in general medical
condition, osteomalacia augmentation and hypokalemic paralysis.
Characterized by polyuria and polydipsia, moderate developmental
delay, severe genu valgum deformities; low level of phosphate,
potassium and calcium in the blood, normal amino acids and glucose
concentration. Low plasma bicarbonate concentration is common in the
early stages of the disease, later on hyperchloremic acidosis develops. It
is characterized by disturbances in the concentration of renal function
(hipostenuria, polyuria), sometimes moderate proteinuria, generalized
hyperaminociduria, elevated excretion of phosphates, calcium, glucose,
citrates in patients. Urine reaction is neutral or alkaline (Lichter-Konecki
etal., 2001; Tasic et al., 2008; Watanabe, 2017).

In patients with de Toni-Debre-Fanconi syndrome the following
laboratory abnormalities:

— hypophosphatemia;

— hypocalcemia;

—hypokalemia;

— hyponatremia;

— elevated alkaline serum phosphatase;

— metabolic acidosis (pH: 7.25-7.35; base excess BE (elevated
level of alkalinity): —12— —10 mmol/L) secondary to reduced proximal
tubular reabsorption of bicarbonate:

—increased Pyruvic and Lactic Acid Content of Blood;

— hypophosphaturia;

— calciuria;

—polyuria;

— decreased serum uric acid with an increased uric acid clearance;

— glycosuria (above 20-30 g/L);

— development of generalized hyperaminociduria (less than 2.0—
2.5 g/24 h) in all the amino acid types;

— failure of amino acid genesis — reduce titratable acidity;

—increased urine pH (higher than 6.0);

— tubulin-like proteinuria - the presence of immunoglobulins in the
urine of the light chains, lysozyme, 3,-microglobulin.

Radiological method features has proven to be useful in detecting
pronounced osteoporosis with severe disorders in metaphyseal areas
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with characteristic bowing of the bones, accompanied by a delayed
bone age relative to chronological age of a child.

Additionally, type II is characterized by increased serum 25-hydro-
xyvitamin D levels in children and decreased — in adults (Levtchenko
etal., 2006; Magen et al., 2010). In type I1L, varus angulation of the lower
extremities, while renal failure does not occur (Klootwijk et al., 2014).
Type IV could be suspected in infants who are large for their gestational
age (more than 4 kg), subject to neonatal hypoglycemia, hyperinsuli-
nism and hepatomegaly. There is a risk of development of insulin depen-
dent diabetes mellitus (maturity-onset diabetes of the young (MODY))
accompanied by nephrocalcinosis and renal failure (Hamilton et al., 2014).

Treatment

Dietary restrictions:

—in galactosemia: milk;

— in fructose intolerance: sugar, honey, apples, pears, watermelons,
carrots;

—in cystonesis: protein foods, high-methionine foods, kitchen salt;

— in tyrosinemia: high-tyrosine and methionine foods;

Recommended foods (Novikov et al, 2004; Savenkova and
Leviashvili, 2004):

—inpyruvate carboxylase deficiency: low carb high fat diet (LCHF diet);

— potassium-, calcium-, phosphorus-rich foods;

— liquid intake is typically not restricted.

Correction for renal tubular metabolic acidosis:

— 2% or 4% sodium bicarbonate solution (5 ml/kg/day) in 4 divided
doses (intravenous, oral, rectal administration) and calcium supplements;

— citrate mixture to reduce the dose of sodium bicarbonate;

— treatment of hypokalaemia (potassium supplements);

Correction for hypophosphatemic rickets with normal calcium level
and/or hypocalcemia, osteoporosis:

— calcium supplements (calcium carbonate, calcium phosphate, calci-
um citrate, calcium glycerophosphate). Phosphate buffer (continuously);

Active metabolites of vitamin D: oxide; calcidiol; calcitriol; or
calcium-, phosphorus- and calcitriol- containing binding agents.

Recombinant human growth hormone treated with 0.6-0.7 [U/kg/
week of thGH administered daily for 3 months.

Renal tubular acidosis (RTA)

Several bone deformities in children with tubulopathies are associa-
ted with a number of factors; metabolic acidosis should be considered a
sign of an underlying disease process. The most vital parameter affec-
ting protein binding of calcium is the pH. Since bone responds to over-
acidity, chronic metabolic acidosis of any origin can cause growth
retardation. In addition, metabolic acidosis causes alterations in the bone
reabsorptive capacity for calcium and therefore increases urinary calci-
um excretion. The development of metabolic acidosis is caused by a
violation of reabsorption of bicarbonates and secretion of hydrogen
ions, as well as a violation of the activity of carbonic anhydrase with
respect to hydration of CO, (this enzyme also stimulates proton secreti-
on not only in renal proximal tubules and collecting ducts, but also in
osteoclasts) (Kartamyisheva et al., 2011).

The disease is inherited by both auto dominant and auto recurrent
types; and is clinically characterized by hyperchloremic acidosis and
baseline deficiency in the serum.

There are two types of disease: distal renal tubular acidosis (ARTA)
type 1 is characterized by an impairment of the normal urinary acidify-
cation process in the distal part of the nephron; Proximal renal tubular
acidosis (pPRTA) type I is characterized by a defect in the ability to
reabsorb bicarbonates in the proximal tubule. Type III is a combination
of isolated proximal (type 2) or distal (type 1) tubular pathologies.

Type I dRTA

There are distinguished two types of the disease by the pattern of
inheritance: autosomal dominant or autosomal recessive.

Classical type I dRTA autosomal dominant (OMIM 179800)

The syndrome is caused by mutations in the SLC4A1 (MIM
109270) gene, found in a place on the long arm of chromosome 17
called 17q21.31 (Bergwitz et al., 2006). Clinically it is characterized by
osteomalacia, plastic deformity of the long tubular bones and growth

retardation. It is caused by the disorder of the tubular acidogenesis,
when the kidneys fail to reduce the urine pH associated with the
increase in hydrogen ion concentration as a result of the increased
reverse diffusion of hydrogen ions through the tight junctions that hold
the tubular epithelial cells. The distal canal is unable to create a
concentration gradient between the tubular fluid and the blood. This
finding suggests that bicarbonate ions have been effectively replaced by
chloride ions and the hyperchloremic metabolic acidosis arises (Fry &
Karet, 2007; Kraut et al., 2010).

First, in people with this syndrome in their teens or adulthood the
following signs and symptoms are observed : poor appetite, polyuria,
polydipsia, rapid fatigability and delayed physical development. Next
bone deformities commonly associated with rickets (lower-limb valgus
deformity, "rachitic rosary", widening of wrist, frontal and parietal
lobe), as well as with the pronounced muscular hypotonia. The first
manifestations of the renal tubular acidosis usually appear in children
two years of age. People with more severe and prolonged rickets may
experience permanent bone deformities (Rodriguez, 2002; Karet, 2002;
Civitelli & Ziambaras, 2011).

Laboratory studies have revealed metabolic acidosis, low plasma bi-
carbonate- and increased plasma chloride concentration, hypocalcemia,
hypokalemia, hypophosphatemia, increased alkaline phosphatase activi-
ty, secondary hyperparathyroidism and decreased intestinal calcium ab-
sorption. High-resolution ultrasound has been found to be a sensitive
and reliable method for the detection of nephrocalcinosis. A significant-
ly decreased renal function (urine specific gravity from 1001 to1008) is
observed, a persistently low urine pH (<5.5), as well as normal bicarbo-
nate levels. Hypercalciuria is associated with excessive urinary calcium
excretion (as a compensation for a metabolic acidosis) (Bergwitz &
Jiippner, 2010; Escobar et al., 2013) mediated by the renal Ca*" tran-
sport proteins (Laing & Unwin, 2006; Nijenhuis et al., 2006) and in-
creased renal sodium reabsorption. This association may implicate increa-
sed renal blood flow as a contributory cause of urinary hyperexcretion
of insoluble mineral salts, which can lead to recurrent kidney stones or
nephrocalcinosis. These factors, together with high urine pH, contribute
to abnormal accumulation of calcium and the development of
nephrocalcinosis and / or renal stones, which may lead to further
deterioration of renal function (Karet, 2002; Loymana et al., 2010).

DBype I autosomal recessive dRTA with deafiess or with preserved
hearing (OMIM 602722) Syn.: RTADR.

Defects in the ATP6V0A4 (7q34) or ATP6V1BI (2p13.3) genes
cause autosomal recessive dRTA with deafness and with preserved
hearing, respectively. However, several patients with ATP6V0A4
mutations have developed hearing loss, usually in young adulthood.

Clinical features. This syndrome occurs in early childhood associa-
ted with frequent vomiting and development of dehydration followed
by growth retardation and nephrocalcinosis, preceded by chronic renal
insufficiency. Often the syndrome is associated with the development of
neurosensory deafness. Laboratory findings are the same as in the
autosomal dominant form. Parents are usually married (Leung, 2014).

Type 1l proximal renal tubular acidosis with ocular abnormalities
and mental retardation (OMIM 604278)

The syndrome is caused by the function mutations in the SLC4A4 gene
(MIM 603345) located on chromosome 4 (4q13.3) (Igarashi et al., 2001).

It is associated with the immature nephrons, low carbonic
anhydrase II(c) and I(b) activity; as well as low HCO3- ATPase activity
in mitochondria of renal tubular cells.

Clinical features. Reduced proximal tubular reabsorption of
bicarbonate, resulting in impaired capacity for net acid excretion and
persistent hyperchloremic metabolic acidosis. In the first few months of
life a history of vomiting, thirst, subfebrile temperature, marked delay in
physical growth, rickets-like changes in the skeleton may be present.
Developmental delay, nystagmus, congenital cataracts, corneal stromal
opacities, glaucoma and permanent enamel hypoplasia (Pettifor, 2008).

Laboratory diagnosis: increased osmotic fragility of erythrocytes
with slightly acid urine (pH less than 6). Hydrogen ions (H") excretion
remains within normal limits and corresponds to nutrition. The bicarbo-
nate threshold for bicarbonate reabsorption is decreased, while its
excretion is sharply increased.
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Treatment. Dietary restriction of oxalate intake (sorrel, spinach,
tomato juice, chocolate, etc.), alkaline mineral water, administration of
sodium bicarbonate to restore normal acid base status; or diluted citrate
solution (Shohla solution) at a dose 5-30 mmol HCO; /kg/day. Adding
more potassium is typically needed. Shohla solution (pharmacy — prepa-
red) containing in 1000 mL not less than 140 g of citric acid and 90 g of
sodium citrate (1 g of NaHCO; = 12 mg of alkalosis, 10 ml of Shohla
solution = 10 mg of alkalosis). Vitamin D treatment in patients with
osteoporosis and osteomalacia.

Combined proximal and distal renal tubular acidosis (Type Il
RTA) (Autosomal recessive inheritance associated with osteoporosis)
(OMIM 267200)

The syndrome is almost invariably associated with increased
bicarbonate excretion.

Clinical features. Metabolic acidosis in early infancy associated with
hypokalemic paralysis, osteomalacia with subsequent skeletal deformi-
ties and growth retardation and early osteoporosis.

Radiographic evaluation of nephrocalcinosis, abdominal calcificati-
ons, osteoporosis and bone deformation. Autosomal recessive inheri-
tance, much more prevalent in males.

Hypophosphatemic rickets (hypophosphatemia)

The maintenance of normal phosphate homeostasis constitutes the
basic physiologic function of the kidneys (Bastepe & Jiipper, 2008;
Natochin, 2008). Serum phosphate concentration exists in three major
forms: free ionized (84-85%), protein-bound (10%), and calcium-,
magnesium- and sodium compounds (1%) (Escobar et al., 2013). If
urine pH is >7.4, approximately 80% of total phosphate concentration is
in the divalent form (HPQ,”), while 20% will be in the monovalent
form (H,PO™) (Kartamyisheva et al., 2011). Usually, about 90% of
phosphate in the glomerular filtrate is reabsorbed in the proximal tubule,
and 80% reabsorbed proximally (Bastepe & Jiipper 2008; Natochin,
2008; Escobar et al., 2013). The currently known main regulators of
phosphate homeostasis include parathyroid hormone (PTH) and
vitamin D; (calcitriol) (Escobar etal., 2013) and leads to a higher
plasma phosphorus concentration (Baroncelli et al., 2012).

Calcitriol or biologically active form of vitamin D; stimulates phos-
phate reabsorption. Phosphatonins include fibroblast growth factor 23,
frizzled-related protein-4 and phosphoglycoprotein extracellular matrix.
Fibroblast growth factor-23 (FGF-23) is a 26-kDa protein activating the
specific cell surface receptors(FGFRs) (Perwad & Portale, 2011).

The ENPP1 (173335), PHEX (300550), DMP1 (600980) and FGF23
genes stimulate the elevation of fibroblast growth factor 23 (FGF-23).
The FGF-23 gene is located on chromosome 12p13.3. Fibroblast growth
factor 23 (FGF-23) is the gene identified as causative for autosomal domi-
nant hypophosphatemia rickets (Bai et al., 2004; Ben-Dov et al., 2007).

The biological activity and physiological role of FGF-23 have
recently been clarified. Several animal models (mice with excess FGF-23
activity as a result of in vivo forced overexpression) exhibit hypophos-
phatemia and increased P excretion of 1.25-dihydroxyvitamin D (Sitara
et al., 2004, Shimada et al., 2004a; Shimada et al., 2004b). FGF-23
deficient mice are characterized by a severe aging-like phenotype
associated with ectopic calcifications organ atrophy, and osteomalacia.
Mice lacking FGF-23 were characterized by severe vascular- and soft
tissue calcification (Kuro-o et al., 1997). Needless to mention that
extensive vascular and soft tissue calcification in both FGF-23 and
klotho ablated mice are associated with severe hyperphosphatemia, and
increased serum level of hydroxyvitamin D. The FGF-23 biology was
studied on mouse models treated with recombinant FGF-23 or
overexpression of FGF-23. FGF-23 suppresses the expression of the
types Illa and Ilc sodium-phosphate cotransporters on the apical
membrane of renal proximal tubular cells, thus inducing phosphaturia
(Shimada et al., 2005). The phosphatidic action of FGF-23 is not
expressed in the absence of sodium-hydrogen exchanger regulatory
factor-1 (NHERF-1) and increases in the presence of parathyroid
hormone (PTH). In addition, FGF-23 suppresses the formation of
1,25(OH),D, suppressing 1-alpha-hydroxylase (CYP27B1), which con-
verts 25-hydroxyvitamin D [25(0OH)D] to 1,25(OH)2D and stimulates

the formation 24-hydroxylase (CYP24), which converts 1,25(0OH),D
into inactive metabolites in the proximal tubule of the kidneys. In ad-
dition, FGF-23 impairs the production of renal 1,25-dihydroxyvitamin
D [1,25(0OH),D] by inhibiting the expression of CYP27B1, the enzyme
that converts 25-(OH)D to inactive metabolites in the proximal tubule.
FGF23 also reduces the expression of interstitial sodium-phosphate
conveyor NPT2b (Saito et al., 2003), reducing the intestinal phosphate
absorption.

FGF-23 acts directly on the parathyroid gland to inhibit PTH syn-
thesis and secretion. It has been shown that FGF-23 activates the
mitogen-activated protein kinase pathway leading to a decrease in
parathyroid hormone (PTH) secretion both in vivo rats and in vitro
shingles (Ben-Dov et al., 2007). FGF-23 has also been shown to increa-
se expression of parathyroid 1-alpha-hydroxylase (Krajisnik et al., 2007),
which converts 25-hydroxyvitamin D [25(OH)D] to 1,25(OH),D.

FGF-23 secretion is regulated by local bone-derived factors, such as
phosphate-regulating gene with homologies to endopeptidases and den-
tin matrix protein-1 (Lorenz-Depiereux et al., 2006a; Lorenz-Depiereux
etal.,, 2006b). 1,25(OH),D affects FGF-23 secretion both i vivo and in vitro
through the activation of FGF-23 mediated vitamin D (Liu et al., 2006).

1. Factors decreasing phosphate reabsorption:

— parathyroid hormone;

— atrial natriuretic peptide;

— glucocorticoids;

— dopamine.

Phosphauric factors:

— fibroblasts 23 growth factor;

— fibroblasts 7 growth factor;

—matrix extracellular phosphoglycoprotein (MEPE);

—other.

2. Factors increasing phosphate reabsorption:

— parathyroidectomy;

— growth hormone;

— insulin-like growth factor;

— food regulation;

—acute (minutes, hours);

— chronic (hours, days);

—several system factors.

X-linked recessive hypophosphatemia rvickets (Dent’s disease)
(OMIM 300554)

The disease is caused mainly by mutations in the CLCN5 gene
located on chromosome Xp11.22.

X-linked recessive hypophosphatemia rickets is a form of X-linked
hypercalciuric nephrolithiasis, which comprises a group of disorders
characterized by proximal renal tubular reabsorptive failure, hypercalci-
uria, nephrocalcinosis, and renal insufficiency.

Clinical features: rickets or osteomalacia, hypercalciuria, hypo-
phosphatemia and proteinuria in children. Progressive calcification and
renal failure in adult patients (Gambaro et al., 2004). Clinically, it may
show bone pain, fatigue, muscle weakness, and repeated bone fractures.
Symptoms are related to bone pain, fatigue, muscle weakness and
recurrent bone fractures.

Autosomal dominant hypophosphatemia rickets (OMIM 193100)

Autosomal dominant hypophosphatemia rickets (ADHR) results
from activating mutations in a fibroblast growth factor 23 (FGF-23)
gene in chromosome 12p13 encoding a phosphate-regulating hormone
(Sun et al., 2012; Wohrle et al., 2013).

Small amounts of the gene originate in the brain, thymus, small
intestine, heart, liver, lymph nodes, thyroid-shaped and pterygoid glands,
bone marrow and in large quantities in tumors with oncogenic osteoma-
lacia. No expression in the bones. Elevated levels of FGF-23 are asso-
ciated with inhibition of reabsorption of phosphates in the renal tubule
and hypophosphatemia. FGF-23 can physiologically function as a
locally active factor secreted in excessive amounts in conditions of
pathology, and may cause renal phosphate loss.

Less than 100 cases have been described.

Clinical manifestations depend on the age of onset and on the
severity of hypophosphatemia.
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Clinical features: ADHR shows incomplete penetrance and variab-
le age at onset (childhood to adult). Phosphate excretion can be evalua-
ted by measuring the maximum tubular reabsorption per glomerular
filtration rate.

Laboratory diagnosis: 1t is characterized by severe hypophosphat-
emia arising from a defect in the renal reabsorption of filtered inorganic
phosphorus (P;), elevated serum alkaline phosphatase activity and fibro-
blast growth factor 23 (FGF-23), inappropriately low-normal serum
concentration of 1,25-dihydroxyvitamin D3 [1,25(0OH)2D3] levels for
the degree of prevailing hypophosphatemia (Econs et al., 1997).

Treatment: aimed at improving growth, enhancing mineralization
of bones, and preventing skeletal deformities caused by rickets. It con-
sists of daily oral administration of phosphate and calcitriol and is
associated with frequent monitoring of calcium, alkaline phosphatase
and parathyroid hormone, and phosphate serum concentrations, as well
as urinary calcium and creatinine.

Autosomal recessive hypophosphatemia rickets type 1 (ARHRI)
(OMIM 241520)

ARHRI is caused by homozygous loss-of-function mutations in
the DMP1 (Dentin matrix protein 1) gene in chromosome 4q22.

Clinical features: Lower-extremity deformities. No response to vi-
tamin D therapy (vitamin D resistant rickets), high bone density. Back
pain, restricted joint motion. Premature fusion of the skull bones.
Deafness (aplasia of the vestibulocochlear nerve that results in ipsilateral
congenital sensorineural hearing loss). Dental defects and early caries. It
is accompanied by muscle weakness and pathologic fractures.

Radiographic evaluation: early osteosclerosis and skull thickening,
trabecular bone density in ribs (Feng et al., 2006; Lorenz-Depiereux
etal., 2006a).

Laboratory diagnosis: there are no symptoms of hypophosphatemia.

Autosomal recessive hypophosphatemia rickets type 2 (ARHR2)
(OMIM 613312)

ARHR? is caused by homozygous loss-of-function mutation in the
ENPP1 gene in chromosome 6 (6q). Mutations in ENPP1 gene are also
responsible for generalized arterial calcification of infancy.

Clinical features: hypophosphatemia rickets, sometimes generali-
zed arterial calcification of infancy (Lorenz-Depiereux et al., 2010).

Laboratory diagnosis: hypophosphatemia.

X-linked, dominant, hypophosphatemia rickets (XLHR) (OMIM
307800)

Inactivating mutations in PHEX gene with homologies to endopepti-
dase on the X chromosome (Xp22) have been identified as a cause of
XLHR. This endopeptidase is mainly expressed in bones and teeth, regula-
ting FGF-23 synthesis. The disease occurs as an X-linked dominant disor-
der with complete penetrance often complicated by variable expressivity.

PHEX revealed possible altemative regulatory mechanisms for phos-
phate homeostasis, bone mineralization, and vitamin D metabolism.
It controls sodium-dependent phosphate transport proteins in intestinal
and renal proximal tubular epithelial cells. The genetic disorder is asso-
ciated with inability of the renal proximal tubule to reabsorb phosphate,
which affects intestinal phosphate absorption. PHEX is primarily exp-
ressed in osteoblasts, odontoblasts, lung, ovary, parathyroid gland, brain
and muscle. We found no correlation between the location or type of
mutation and the disease severity.

In XLHR osteoblast is likely to produce some inhibitor. Moreover,
it was reported that cross-transplantation of kidneys in hyp-children
results in transfer of the mutant phenotype. It can be associated with the
primary defect in osteoblasts, as the correction of hyperphosphatemia
and calcitriol in patients were observed low mineralization zones around
osteolytic lacunae. XLH is the most frequent form of hypophosphat-
emia rickets, with a prevalence of 1/20.000. The disease affects both
sexes. Patients with early onset disease have phosphate wasting, rickets,
and lower extremity deformities in childhood.

Characteristics heritable dental developmental anomalies: enamel
hypoplasia, dentinogenesis imperfecta, enlarged dentinal tubules, lea-
ding to tooth abscess. Characteristic cranial base abnormalities: thicke-
ning of outer cortical table of frontal bone and slightly sunken median
line between the eyes at the forehead. Osteoarthritis of the lower extre-
mities is developed in adults, osteophytes are formed and in some cases

hearing loss may occur. Muscular weakness and hypotension are not
observed. Other clinical manifestations, such as enthesopathy (calcify-
cation of ligaments and their attachment to bone), which is accompa-
nied by joint pain and joint mobility disorders (Baroncelli et al., 2012).

Laboratory diagnosis: hypophosphatemia with low renal phosphate
reabsorption, normal serum calcium values, normal or low vitamin D
serum level (1,25(0OH),D; or calcitriol), normal serum parathyroid hor-
mone levels and increased serum alkaline phosphatase activity.

Therapy aimed at normalization of PHT levels with calcitrol supp-
lementation and calcitriol. Correction of vitamin D deficiency state is
not required. Calcitriol supplementation may prevent secondary hyper-
parathyroidism resulting from increased phosphate intake (Gaucher
etal.,, 2009).

Conclusions

Although the diagnosis of tubulopathy remains complex and requi-
res expensive laboratory equipment and specialist expertise; it can be
diagnosed in children showing the following symptoms: impaired
growth, vitamin D resistant rickets (lower imb deformities between 2
and 3 years of age). In the evaluation of such patients urine analysis is
commonly used (levels of calcium, phosphorus, pH, bicarbonate,
sodium, potassium, glucose, creatinine, protein, amino acids), blood
count (levels of creatinine, uric acid, alkaline phosphatase, glucose, pH
and sodium, bicarbonate, potassium, chloride, calcium, phosphorus
ions) and ultrasound of the kidneys to detect nephrocalcinosis. Determina-
tion of serum parathyroid hormone concentration, vitamin D metabolites,
aldosterone and plasma renin activity, cysteine lymphocyte concentra-
tion (suspicion to diagnose cystinosis) and ophthalmologist examination
may also be used as additional diagnostic methods. Despite the fact that
most tubulopathies can be diagnosed clinically, molecular genetic
studies are needed to clarify the type of inheritance and prognosis.
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Introduction

Galkin, O. Y., Besarab, O. B., Pysmenna, M. O., Gorshunov, Y. V., & Dugan, O. M. (2018). Modern magnetic
immunoassay: Biophysical and biochemical aspects. Regulatory Mechanisms in Biosystems, 9(1), 47-55.
doi: 10.15421/021806

In this review article an analysis of the biochemical and biophysical aspects of modern magnetic immunoassay (MIA) is
conducted and additionally the problems and perspectives of its application in biology, biotechnology and medicine are defined.
Magnetic immunoassay should be considered as an evolutionary extension of the classical immunoassay. MIA can have many
variants of modifications, similar to the classic immunoenzymatic assay. The key distinctive element of the MIA is the use of
magnetic particles (MPs), which are usually nanoparticles. MPs in the MIA can act as a marker for detection, or the solid phase
at which the immunochemical reaction takes place. MIA possesses basic advantages over classical immunoassay methods:
thanks to the unique magnetic properties of the MPs and the ability to manipulate it in the external magnetic field, it is possible to
increase the informative value of the analysis (first of all, sensitivity and specificity), as well as the rigid requirements for “purity”
of tested samples. For the purposes of immunoassay, magnetic particles of size from 10 to 200 nm are important, since such
particles are in a superparamagnetic state, in the absence of strong magnetic fields; they are not agglomerated in a liquid medium.
The size of the spherical particle determines the rate of sedimentation and mobility in the solution. The outer polymeric
membrane serves as a matrix in which the surface functional groups are added, and also protects the core of the metal from the
external environment. The outer shell may also consist of agarose, cellulose, porous glass, silicon dioxide etc. There are several
strategies for the synthesis of nanoparticles: mechanical (dispersion), physical (gas phase deposition), wet chemical methods
(chemical comprecipitation, thermal decomposition, methods of micro emulsion, hydrothermal reactions) and physico-chemical
methods. Also used are magnesite nanoparticles of biogenic origin. Magnetic particles may function, and this is important for
immunoassay. Surface functional groups include carboxylic, amino, epoxy, hydroxyl, tosyl, and N-hydroxysuccinate-activated
groups. Magnetic spherical particles usually interact with surface molecules such as streptovidine, biotin, protein A, protein G,
and immunoglobulin etc. Directions and prospects of the development of methods of magnetic immunoassay are determined,
mainly, by the development of methods for detecting or influencing magnetic particles. In this case, the classical methods of
detection are electrochemical methods, electrochemiluminescence, fluorescence. More modern ones include giant
magnetoresistance, superconducting quantum interference devices, surface-enhanced Raman spectroscopy, biosensors based on
nonlinear magnetization, magneto-PCR immunoassay. The current trend is to combine or integrate the application of various
biochemical, physical, molecular and genetic, physico-chemical detection methods. In fact, all of these benefits undoubtedly
open up broad prospects for the practical application of MIA in biology, biotechnology and medicine.

Keywords: serologic diagnostics; magnetic particles; biochemical and physical methods

purposeful targeting under the influence of external magnetic fields, as
well as the stability of physical characteristics (magnetization, size) and

Among the whole complex of methods of clinical laboratory
diagnostics, methods of serologic diagnostics were among the first to be
proposed and implemented in practical medicine. Serologic diagnostics
remains extremely relevant to the present day. Serologic methods are
used for diagnostics of infectious (bacterial, viral, fungal, parasitic), and
non-infectious (oncological, endocrine, allergic) diseases. A significant
proportion of diagnostic examinations carried out by the laboratory
service relates precisely to serological tests. Serologic methods remain
an indispensable part of the provision of sanitary and epidemiological
well-being of the population (Galkin, 2014a).

One of the modern trends in laboratory medicine is the intensive
use of various nanotechnologies, which should include methods using
magnetic nanoparticles (MNPs). MNPs have already become an
important tool in clinical laboratory diagnosis and medical imaging in
vivo. Important prerequisites for the successful use of MNPs for
medical purposes are their high “bioavailability”, which is achieved
both by the size of the particles, and the possibility of their
functionalization (using covalent and non-covalent methods) and

the possibility of their modeling depending on specific medical and
biological tasks. The size of the magnetic particles (MPs) and the
intensity of the external magnetic fields can be selected so that the effect
of such MPs in living objects will be “physiological” (force can vary
from 1072 to 10 N) (Aseri et al,, 2015). Magnetic materials used in
this case (compounds of iron, cobalt, nickel, etc.) are “technological”,
yet not all of them are characterized by an acceptable level of
biocompatibility (when it comes to their in vivo use) (Wu et al., 2015;
Foglia et al., 2017). All of the above, combined with the internal
permeability of magnetic fields in human and animal tissues, offers an
extremely wide range of possibilities for using MPs in biomedicine
(Ghodbane et al., 2013; Issa et al, 2013). The use of magnetic
nanotechnologies in laboratory diagnostics allows the elimination of the
imperfections and limitations that are typical of traditional immuno-
assays (enzyme-linked immunosorbent assay, immunofluorescence,
etc.) (Mani et al., 2011; Day et al., 2015; Wang et al., 2017a; Liao et al.,
2017). In particular, it becomes possible to disclaim strict requirements
to the “purity” of the tested material, but also expand the range of
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materials that can be tested; it is possible to increase the analytical
sensitivity of the analysis, to improve other bioanalytical characteristics,
etc. (Tsai et al., 2007; Lin et al., 2013; Li etal., 2014; Manera et al.,
2017; Nie etal., 2017).

The purpose of our work is to analyze the current state of the use of
magnetic immunoassay (MIA) in fundamental and applied research in
biology, biotechnology and medicine.

Problems and benefits of using MPs in immunoassay

Widespread use of magnetic particles in immunoassay is due to the
following circumstances. With the help of MPs, it is possible to increase
the sensitivity and reduce the time of analysis by manipulating the
particles with an external magnetic field, magnetic laundering and
magnetic separation. In addition, as detected labels, MPs have
advantages over traditional fluorescent and enzyme markers, whose
application in opaque or highly dispersed biological media has a
number of severe limitations. There are two main directions of use of
MPs in immunoassay: firstly, MPs can act as a solid phase for immune
complex formation, and, secondly, MPs can act as labels, for providing
detection in the analysis (Fig. 1).

Intrinsic MP as labels /
MP coated enzyme labels

Label
MP )
W Secondary antibody
l ()
@’ Antigen

\ "/

MP as support

Primary antibody

MP

Sensor surface Magnet / Electrode

Fig. 1. Principal approaches to the use of MP in immunoassay
(by Mani et al., 2011)

It should be noted that the studied bioanalysts (for example,
biological fluids or food samples) are often complex colloidal systems,
which, in turn, often leads to false-positive or false-negative results of
immunoassay due to nonspecific reactivity of antibodies. Also it should
be noted that in optical detection the color or autofluorescence of the
sample can contribute to the recorded signal, increasing the noise and
thus reducing the signal to noise ratio.

The above circumstances determine the widespread use of MPs for
preliminary purification of the analyte (magnetic separation) (Choi
etal.,, 2001; Nagasaki et al., 2007). With this approach, at the first stage,
MPs with immobilized antibodies are added to the samples, and the
antibodies recognize the wanted antigen. An external magnetic field is
then applied and the antigen-enriched MPs can be used as a purified
solid phase for further analysis (Fig. 1). Such a technique reduces the
probability of non-specific binding and reduces the time of analysis
(Gehring et al., 2004; Orlov, 2014). The use of magnetic particles as a
solid phase increases the antigen’s stability during immunoassay
because, firstly, the number of washing steps is reduced and, secondly,
the laundering process itself becomes more efficient due to the
possibility of using an external magnetic field for solid phase
manipulation (Choi et al., 2001; Orlov, 2014).

Fluorescent and enzyme labels used in immunoassay have a
number of methodological limitations, which sometimes require
laborious detection methods, which do not always have high reliability
and reproducibility; therefore, it is very promising to use MPs in
immunoassay as labels for detection (Orlov, 2014). Magnetic labels, as
a rule, consist of nanoparticles of iron oxide in the size of 550 nm,
which are enclosed in a polymeric membrane and form a particle in the
size from 20 nm to 5 pm. Magnetic nanoparticles of such sizes have a
unique magnetic property — lack of residual magnetization (so-called
superparamagnetic nanoparticles). The phenomenon of superparamag-

nity is widely used for biomedical purposes, e.g., in magnetic resonance
tomography (Smith-Bindman et al., 2012), but the idea of using it for
the detection of magnetic nanoparticles in immunoassay is relatively
new (Luo et al., 2017; Xue et al., 2017; Sood et al., 2017). Magnetic
particles have a number of advantages over standard optical labels.
Firstly, since the level of the magnetic background in biological samples
is usually negligible, using MPs can produce a very high signal to noise
ratio. Secondly, the opacity or color of the samples does not affect the
magnetic properties of MPs. Thirdly, the magnetic tags are stable, and
their magnetic properties do not change. Fourth, with the help of an
external magnetic field, it is possible to manipulate of MPs, to increase
efficiency and reduce analysis time by magnetic stirring, washing and
separating (Morozov et al., 2007; Nikitin et al., 2008a; Dittmer et al.,
2010; Orlov, 2014). Currently, the use of magnetic nanoparticles as la-
bels for immunoassay in combination with the active influence on it is
popular.

Note that using MPs as a label has its own peculiarities and disad-
vantages. The most significant of them is the difficulty in achieving
satisfactory analytical (validation) characteristics of the method, which
primarily concerns linearity. Linearity is known to represent the ability
of the technique (within the range of application) to give a value directly
proportional to the concentration (amount) of the analyte in the sample
(Galkin et al., 2015; Lutsenko et al., 2017). Such a situation, for examp-
le, occurs when determining staphylococcal enterotoxins in complex
biological fluids. The use of MPs in combination with the fluidic force
discrimination method for detecting enterotoxins using a flat chip and
optical reading allowed high sensitivity to be achieved: the detection
limit was 1 pg/ml and 1 fg/ml for multistage and semi-homogeneous
analysis formats, respectively. However, with an increase in the
concentration of antigen by 10 orders of magnitude, there was only a
fourfold increase in the recorded signal (the signal increased by only
15% with a tenfold increase in the concentration of enterotoxins). The
authors note that it is difficult to distinguish concentrations that differ by
less than 10 times (Mulvaney et al., 2007, Mulvaney et al., 2009).
Magnetic particle manipulation in combination with electrophoretic
concentration of a toxin on the surface during active analysis leads to an
increase in the optical signal by 1.7 times with a tenfold increase in the
antigen concentration. Taking into account the distribution of observed
signals, the authors conclude that the analysis can only provide a quail-
tative result, determining the presence or absence of a toxin. In addition,
active analysis requires pre-centrifugation and desalting complex
mediums (Shlyapnikov et al., 2012).

In this case it should be noted that all immunochemical methods are
not always characterized by a satisfactory linearity, even providing
mathematical transformation of the results of the study. Under these
circumstances it is possible to move from the linearity as such to finding
the proper concentration of analysis function in the samples under study
(Chen et al., 2016; Giannetto, et al., 2017). One of the ways to overco-
me such a disadvantage is the following. When detecting enterotoxins,
the number of MPs-labels can be determined not only optically, but also
using biosensors based on the giant magnetic resistance (GMR). The
successes in the development of GMR-biochips made them three orders
of magnitude more sensitive than the enzyme-linked immunosorbent
assay (ELISA). However, in order to double the signal, it is usually
necessary to increase the concentration of antigen in order, and the full
range of signal changes is one and a half order. Some approaches, such
as enhancement of the GMR-signal by moving the magnetic particles
into a zone with the highest sensitivity or optical reading of the magne-
tically activated particles, can increase the range of detected signals to
two orders of magnitude (Kurlyandskaya et al., 2017; Rizzi et al., 2017;
Wang et al., 2017a; Salek-Maghsoudi et al., 2018).

Characteristics of magnetic particles and methods for obtaining them

For the purposes of immunoassay, magnetic particles of size from
10 to 200 nm are important, since such particles are in a superparamag-
netic state, in the absence of strong magnetic fields; they are not agglo-
merated in a liquid medium. Properties of magnetic nanoparticles and
polymer clusters containing nanoparticles largely depend on the pro-
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perties of the magnetic material. One of the main properties is magnetic
susceptibility ¥y, which characterizes the dependence of the magnetiza-
tion of a substance on the intensity of the external magnetic field H
(Tygai etal., 2014; Wu et al., 2016; Tang et al., 2017):
M=y, xH.

The characteristic magnetization curve for MPs is shown in Fig. 2.
At the same time, it is important that such value of magnetic field
intensity HS corresponds to magnetic saturation MS. For immunoassay
purposes, it is advisable to use MPs markers with greater magnetic
susceptibility and higher magnetization of saturation with the same
initial magnetic susceptibility of the particle (Orlov, 2014). This kind of
characterization of the particles of iron oxides, and in particular of mag-
netite, is determined mainly by their crystalline structures and essentially
depends on the conditions for the reaction to produce them (Rajput et al.,
2016; Vidojkovic et al., 2017). The best magnetic properties of magne-
tite are achieved with an equal molar ratio of iron oxides (II) and (III).

W M

Fig. 2. Simplified MPs magnetization characteristic

It should be noted that at present, magnetic spherical particles of
various types are available as commercial products for use in scientific
and applied applications. Paramagnetic particles are most applicable to
systems whose purpose is magnetic separation and transportation, since
they acquire magnetism in the presence of a magnetic field but have
zero magnetization in the absence of a magnetic field.

The most common examples of paramagnetic particles are
magnesium oxide nuclei and non-magnetic polymer shells. It is the
polymeric surfaces of such particles that provide the functional ability to
chemically attach biomolecules. Metal oxides are used to create
magnetic core more often than pure metals (Fe, Co, Ni), since they have
higher oxidation resistance (Table 1). Polymer shells also stabilize
magnetic particles, giving them elasticity and ability to swell.

The magnetic core can also consist of a set of paramagnetic nano-
particles located in the core of the polymer. Typically, nanoparticles of a
size range from 100 nm to 50 um in diameter are commercially
available. The size of the spherical particle determines the rate of
sedimentation and mobility in the solution. The outer polymeric
membrane serves as a matrix in which the surface functional groups are
added, and also protects the core of the metal from the external
environment. The outer shell may also consist of agarose, cellulose,
porous glass or silicon dioxide (Day et al., 2015).

There are several strategies for the synthesis of nanoparticles:
mechanical (dispersion), physical (gas phase deposition), wet chemical
methods (chemical comprecipitation, thermal decomposition, methods
of micro emulsion, hydrothermal reactions) and physico-chemical
methods. Also used are magnesite nanoparticles of biogenic origin,
forming certain types of bacteria.

Table 1
Saturation magnetization and magnetization susceptibility
of some magnetic metal oxides (Philippova et al., 2011)

Oxides Magnetization saturation, emu/g  Magnetization susceptibility
v-Fe,03 74 -5x10°
Fe;0, 84 +18x10°°
Fe,05-Fe;04 ~80 +71x10°
CoOFe,05 65 —-110x10°°

Wet chemical methods have been studied more widely than physi-
cal ones, since they can provide a higher level of control over the size,
composition, magnetic properties, and the form of magnetic nanopar-

ticles. This is especially important for screening cells in a liquid medium
(Zhu etal., 2016).

The water-in-oil microemulsion (or reverse micelle) method pro-
vides the following: nanoparticles are formed by an isotropic dispersion
or by mixing two liquids that form microdermas. Such micro domains
are stabilized by the interphase film of the surface-active substance. This
method can be considered as a derivative of deposition or a method of
recovery with the difference that the reaction occurs in small droplets of
water stabilized in an organic solvent. When mixing two micro-
emulsions containing the necessary reagents, the micro domains come
in contact and collapse again when stirred, resulting in the formation of
a precipitate containing nanoparticles (Zhang et al., 2017; Beshkar et al.,
2017). The low yield of nanoparticles, compared with other methods, as
well as the need for a large amount of solvent, jeopardizes the efficiency
and production scale.

Hydrothermal synthesis allows a wide range of nanostructured
forms and compositions to be obtained. This synthesis method is based
on phase change and separation, which occurs at the interface between
liquid, solid and soluble phases (Wu et al., 2016). An example of the
use of hydrothermal synthesis for the manufacture of monodispersed
magnetic nanoparticles in the range from 200-800 nm is described.
A mixture of iron salts (e.g., FeCly), a high boiling point boiling
substance (e.g. ethylene glycol), an electrostatic stabilizer (for example,
sodium acetate) and a surfactant (for example, polyethylene glycol) are
heated to 200 °C, and maintained at this temperature for 872 hours in a
sealed autoclave made of stainless steel (Han et al., 2012).

Nanoparticles of metal oxides, in particular, magnetite Fe;O, and
magnetite y-Fe,0;, are often synthesized with the use of alkaline co-
precipitation of iron and iron salts (Mohapatra et al., 2010).

Synthesis of iron oxide nanoparticles with carboxymethyl-
dextran and polyethylenimine polymeric membranes. Nanoparticles
of iron oxide are synthesized by the method of co-precipitation (co-
precipitation) of iron salts FeCl; and FeCl,. The most common protocol
for such synthesis involves the following, Use 5.9 g FeCl; x 6H,O and
2.15 g FeCl, x 4H,0, mixed in 100 ml of degassed water, followed by
addition of 12.5 ml of 30% NH4OH. The solution is heated to 85 °C,
and incubated for 2 hours. The formed suspension of particles is washed
with 2M HNO; for peptizing the particles and also three times by
degassed water. Then the aggregates are removed using a magnet, and
the nanoparticles in the supemnatant are covered with polymers.
A solution of carboxymethyldextran (CMD) or polyethylenimine
25 kDa at a concentration of 300 g/l is added to nanoparticles to a final
concentration of 50 g/l and incubated for 4 hours at 80 °C. The resulting
particles are washed off the free polymer by centrifugation at 16,800 g
for 1-3 hours (Mohapatra et al., 2010).

Synthesis of ferritic nitride nanoparticles coated with a
carboxymethyldextran polymer shell. Nanoparticles of ferritic acid
are most often synthesized according to the method (Shevchenko et al.,
2017), which provides the following. 8.85 g FeCl; x 6H,0 is used in
100 ml of degassed water; the salt is precipitated with addition of
12.5 ml of 30% NH4OH and incubated for 2 h at 90 °C. Subsequently
peptizing the particles using 0.6 M HNO; for 10 minutes is performed
and washed with HNO; by three-times centrifugation, after which the
particles are coated by CMD at 80 °C for 4 hours, followed by three-
times centrifugation to wash off the unbound polymer.

Synthesis of golden nanoparticles. Golden nanoparticles are
synthesized by the reduction of the hydrochloric acid of HAuCl, with
sodium citrate (Santhoshkumar et al., 2017).

Biosynthesis of magnetic particles. Intracellular biogenic
magnetic nanoparticles (BMNPs) in the form of crystals of magnetite,
magma and grazhite are found in many organisms, including bacteria,
insects, mushrooms, fish, birds, animals and others (Gorobets et al.,
2017). BMNPs are also found in normal tissues of the brain, liver, heart,
spleen, and also in human tumor tissues (Gorobets et al., 2014a). The
genetic regulation of the synthesis of these nanoparticles is thoroughly
studied solely for magnetotaxis bacteria. The so-called genes of the
magnetosomal islet of such bacteria responsible for the synthesis of
magnetos are revealed. The use of natural magnetic properties of
microorganisms containing BMNPs, as well as the development of new
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technologies for the creation of synthetic analogues of BMNPs in vitro,
using biomineralization proteins, will allow the acquisition of magnetic
nanoparticles with controlled parameters, which is an extremely
important task for many technologies: for immunoassay, purposeful
delivery of medicinal preparations, magnetic separation of biological
media (Gorobets et al., 2013a, 2013b, 2014b).

Enzymatic synthesis of magnetic nanoparticles. The first in vitro
enzymatic synthesis of paramagnetic and antiferromagnetic nanopartic-
les toward magnetic ELISA reporting has been reported (Kolhatkar
etal., 2015). With our procedure, alkaline phosphatase catalyzes the de-
phosphorylation of l-ascorbic-2-phosphate, which then serves as a
reducing agent for salts of iron, gadolinium, and holmium, forming
magnetic precipitates. The nanoparticles were found to be paramagnetic
at 300 K and antiferromagnetic under 25 K. Although weakly magnetic
at 300 K, the room-temperature magnetization of the nanoparticles
found here is considerably greater than that of analogous chemically-
synthesized samples. This approach of enzymatically synthesizing
magnetic labels reduces the cost and avoids diffusional mass-transfer
limitations associated with pre-synthesized magnetic reporter particles,
while retaining the advantages of magnetic sensing.

Methods of magnetic particles functionalization

Surface functional groups include carboxylic, amino, epoxy, hydro-
xyl, tosyl, and N-hydroxy succinate-activated groups (Fig. 3). Magnetic
spherical particles usually interact with surface molecules such as
streptovidine, biotin, protein A, protein G, IgG, IgE, and IgM.
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Fig. 3. Structure of MPs and surface functional groups
(by Mani et al., 2011)

Surface functional groups can be activated by EDC-coupling
chemistry for carboxylates and glutaraldehyde for amines in order to
further interact with functional groups of biomolecules (EDC = l-ethyl-
3-(3-dimethylaminopropyl) carbodiimide). Surface tosyl, N-hydroxy
succinate-activated and epoxy groups can be used to attach biomolecu-
les without the use of cross-linking agents. Particles pre-coated with
streptavidin can interact with biotinyled biomolecules. Magnetic partic-
les coated with protein A can selectively bind to Fc-regions of antibo-
dies for the purpose of targeted immobilization (Mani et al., 2011).

Magnetic particles consisting of paramagnetic nanoparticles that are
in the polymer matrix of the nucleus can have a multi-domain magnetic
structure with residual magnetic moments. Such a structure of the
nucleus of a magnetic nanoparticle can lead to magnetic clusterization
due to the induced magnetism of neighboring particles. At room
temperature, real paramagnetic particles, whose nuclei are constructed
of iron oxide, should have radii in the low range (~ 10~ m). In this way,
usually, particles of 0.1-3.0 um in diameter, whose nuclei are construc-
ted of nanoparticles of iron oxide, are coated with a polymer. Such par-
ticles are characterized by clusterization in the dispersion due to magne-
tic interactions between particles (Hermanson, 2008; Mani et al., 2011).

Covalent conjugation of nanoparticles with proteins. The nano-
particles coated with the polymers with HOOC-groups covalently bind
to protein molecules using EDC as a crosslinking agent (crosslinker).
During this reaction, an intermediate product, the derivative of
O-acylizoic acid is formed, and it undergoes a nucleophilic attack on the
amino group of the protein, resulting in the formation of a stable amide
bond between the amino group and the carboxyl group on the surface of
the particle. To increase the stability of the active intermediate and
reduce the probability of hydrolysis EDC should be used together with
N-hydroxysulfosuccinimide (Nhydroxysulfosuccinimide, sulfo-NHS).
This reaction is carried out in two steps: first, the nanoparticles are
activated with EDC/sulfo-NHS in the MES buffer (based on 2-(N-
morpholino)ethanesulfonic acid), then, after removing excess crosslink-
kers centrifuged or using a magnetic tripod, the protein is added in the
appropriate buffer. Optimal protein ratio: nanoparticles: EDC/sulfo-
NHS should be selected experimentally for each type of conjugate. In
order to prevent the aggregation of the nanoparticles during the reaction,
it is advisable to periodically process the ultrasound bath. The reaction is
usually carried out for at least two hours, after which the excess of the
unreacted protein is removed by centrifugation (for particles < 150 nm)
or by magnetic separation (for particles > 150 nm) (Rusling et al., 2010;
Shipunova et al., 2013).

Methods for detecting of systems based on MPs

Requirements for magnetic particles and their synthesis depend on
the methods by which they are planned to be used in bioanalysis.
Moreover, the control of the synthesis of magnetic particles and the se-
lection of conditions of immunoassay should be carried out using the re-
gistration device. Below we provide characteristics of the main appro-
aches for detecting magnetic particles in immunoassay — when MPs are
a label (giant magnetoresistance, superconducting quantum interference
devices, electrochemical methods et al.), and when MPs are a basis for
the immune complex formation (electrochemical methods, electroche-
miluminescence, fluorescence, magneto-PCR immunoassay et al.).

Giant magnetoresistance (GMR) is the quantum and mechanical
effect observed in thin metal films, consisting of ferromagnetic and
conductive non-magnetic layers alternating between them. The effect is
a significant change in the electrical resistance of such a structure when
the mutual direction of magnetization of the neighboring magnetic
layers is changed. The direction of magnetization can be controlled, for
example, by the influence of the external magnetic field (Fert, 2008). In
the absence of an external field, the magnetic moments of the neighbor-
ring ferromagnetic layers are oriented antiparallelly, which ensures high
electrical resistance of the structure. If the GMR sample is placed in an
external magnetic field, the magnetic moments of all ferromagnetic
layers are aligned along the directions of this field, which causes a
decrease in the structure’s resistance. At zero value of the external field
the resistance is maximal. With increasing field, the resistance initially
falls linearly, and then goes to saturation. Depending on the conditions
and material, the maximum resistance of the sensor may be more than
minimum value by 1.2-5.0 times. Thus, by changing the resistance of
the GMR-sensor one can judge the presence of an external magnetic
field on it.

For the detection of magnetic particles, the GMR-structure is placed
in an external magnetic field perpendicular to the surface of the sensor.
Such an external field does not affect the structure’s resistance, since the
resistance change can only be caused by the field that lies in the sensor
plane. The magnetic particle on the surface of the GMS structure causes
a change in the distribution of the magnetic field so that the component
of the external field appears along the sensor plane. Consequently, the
resistance of the GMR-structure decreases when MPs are on its surface.
Thus, using the GMR-structure, the presence of magnetic particles on
the surface of the sensor can be detected. For immunoassay, the surface
of the GMR sensor is modified to immobilize antibodies that will
specifically bind to the antigen tested when the test samples are passed
(Fig. 4). After that, a solution of MP, coated with antibodies to another
antigen epitope, is applied to the sensor surface. By changing the
resistance of the GMR structure, the amount of MPs that are connected
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to the sensor surface (Kim et al., 2013) is calculated. It should be noted
that the bioanalytical application of GMR sensors has a number of
limitations. A magnetic sensor detects distortion of the external magnetic
field by a particle. However, the spatial scale of such distortion can be
compared with the size of the particle. Therefore, with the standard tech-
nologies of GMR-sensors creating, only magnetic clusters of micron-

size, comparable to the dimensions of the sensitive sensor element, are used.
Such clusters are much larger compared to molecules that are recogni-
zed or revealed during the analysis, which imposes a number of restrict-
tions on the use of such technology. In addition, the magnetization of
small magnetic particles is small enough, so the signal is recorded with a low
signal to noise ratio (Orlov, 2014; Rizzi et al., 2017; Crespo et al., 2018).
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Fig. 4. A schematic of magneto-nanosensor biochip immunoassay: (a) Capture antibodies are immobilized covalently on the sensor surface.

(b) Target antigens are captured and noncomplementary antigens are subsequently washed away. (c) Addition of biotinylated detection antibody
forms a sandwich structure. () Streptavidin-coated magnetic nanoparticles bound to the biotinylated detection antibody produce stray magnetic field.
(e) An example of real-time binding curve showing the change in magnetoresistance (MR) in parts per million (ppm) over time
for 500 pg/ml Flt31g (blue) compared with BSA negative control (orange) and epoxy reference (red) (by Kim et al., 2013)

Superconducting quantum interference devices (SQUIDs).
SQUID:s are ultrasensitive magnetometers used to measure very weak
magnetic fields. SQUIDs have a record high sensitivity that reaches
5103 J/Hz (sensitivity to a magnetic field of about 107 T). For long-
term measurements of averaged values within a few days, sensitivity
values of 5+10™® T can be achieved (Drung et al., 2007). There are two
types of SQUIDs: based on direct current and high-frequency devices.
The work of SQUIDs on alternating current is based on the non-
stationary Josephson effect and uses only one Josephson contact. Many
of the experiments in fundamental physics and measurements in
biomagnetism, including the measurement of excessive signals, are
performed using alternating current SQUIDs. The exceptionally high
sensitivity to the magnetic flux relies on the entire spectrum of medical
applications of SQUIDs (magnetoencephalography, magnetogastrogra-
phy, magnetic marker monitoring, and heart research). There are also
considerations regarding the application of SQUIDs in a quantum
computer as qubits (Vesanen et al., 2013).

Unlike traditional magnetometers in which SQUIDs are used as
passive low-frequency or permanent magnetic field sensors, an alterna-
ting current of the microwave frequency circulating around the SQUID
ring is used in a scanning SQUID microscope when a constant voltage
occurs on its Josephson junctions (a non-stationary Josephson effect).
The basic principle of the fact that the microwave current flows in the
SQUIDs ring is easier when a corresponding sample is next to it
(Vesanen et al., 2013).

Recently SQUIDs-magnetometers have been used for immunoas-
say (Nakatani et al., 2012; Saari et al., 2015; Park, 2016; Rong et al.,
2016; Liao et al., 2017). Thus, the use of magnetic markers in
combination with the detection of SQUIDs allowed reducing detection
in a standard ELISA. Another example of the application of SQUID
technology is the detection of bacteria by the time of magnetic
relaxation. In this approach, the magnetic particles are added to the
model under study, immobilized antibodies on the surface, bacteria
specifically recognized for the recognition. Further, this template is
placed in a homogeneous external magnetic field. The magnetic
moments of the parts while guided parallel to the field. If you remove
the source of the external magnetic field, the particles will return to the
state of minimum energy, when the total magnetic moment of the
system will be zero. In this case, two mechanisms of relaxation of the
magnetic moment will compete: Brownian and Néel. Brunov’s
mechanism is associated with the physical turn of himself, and Néel’s —
with the tuming of the magnetic moment inside the stationary particle
(Wang et al., 2015, 2016).

For free particles, a fast Brownian relaxation mechanism will
dominate, but for particles that bind to bacteria, the slower Néel
mechanism becomes predominant, since the rotation of such particles is
complicated. Thus, the total time of magnetic relaxation will depend on

the number of parts that are associated with the bacteria, and hence the
concentration of the bacteria themselves in the sample. With SQUIDs,
the dependence of the magnetic signal on time is measured and the
relaxation time is calculated. At the time of magnetic relaxation, the
presence and concentration of bacteria in the sample are judged. An
essential advantage of using the method of magnetic relaxation is that
the analysis is carried out in one step, without any blurring steps.
Nevertheless, there are significant difficulties: the need for cryogenic
cooling, labor-intensive calibration of the method, etc., which does not
allow wide use of this approach in biochemical diagnostics (Eberbeck
etal., 2008; Orlov, 2014).

Biosensors based on nonlinear magnetization. The method of
detecting magnetic nanoparticles by their nonlinear magnetization is
based on the effect on the particles of the external alternating magnetic
field at two frequencies. For the construction of such biosensors, the
main consideration is the choice of frequency and amplitude of the
corresponding components of the external field. The amplitude of field
intensity H1 for the fields with a lower frequency should be greater than
the magnitude of field intensity of saturation HS of MPs core. In this
way, the low-frequency component of the magnetic field will periodi-
cally block the ability of the magnetic particles to further magnetization.
The equivalent field intensity H (t) (Fig. 5¢) consists of both the sum of
the low-frequency components H1 (t) (Fig. 5a) and the high-frequency
component H; (t) (Fig. 5b). Under conditions of the MPs magnetization
for the simplified characteristic (Fig. 5), and no consider the magnetic
hysteresis phenomenon, we obtain a graph of MPs magnetization
(Fig. 5d), which is vertically limited by the values of saturation magneti-
zation = MS. The resultant induction signal associated with the presence
of MPs will be nonlinearly modulated by both frequencies (Manera
etal., 2017; Nikitin et al., 2017). Subsequently, the mathematical analy-
sis of the results recorded by the sensor, the decomposition of the signal
in the Fourier series, the selection of the component of high-frequency
oscillations, and the corresponding idealized (no-noise) m < 2 > (t)
curve are shown in Fig. Se.

In real conditions, the high-frequency component of the signal will
have significant noise, caused, in particular, by the presence of construc-
tive elements of the sensor, having magnetic properties. One of the
approaches to noise isolation is the use of MPs with standardized
magnetization characteristics, which will have an average value of the
existence of a high frequency component of the detected signal for half
the period of the low frequency signal. What makes it possible to isolate
from the signal only the high-frequency component, which has the
required duration (caused by MPs itself). This approach is a rather
reliable method for registering minor changes, even in the presence of
significant background noise — in fact, there is a possibility to signifi-
cantly increase the sensitivity of the analysis. The promise of such a
method is due to the fact that it can be used in vivo (Nikitin et al., 2008b).
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Surface-enhanced Raman spectroscopy (SERS) is a surface-sensi-
tive technique that enhances Raman scattering by molecules adsorbed
on rough metal surfaces or by nanostructures such as plasmonic-magne-
tic silica nanotubes. The enhancement factor can be as much as 10 to 10"
which mean the technique may detect single molecules (Xu et al., 2013).

Surfaces with nanoparticles, prepared for the detection of Raman
scattering, are used to detect biomolecules, and therefore can determine
the presence of proteins and biological fluids. This technique was used
to detect urea in plasma, and can be considered as a candidate for a new
generation of cancer diagnostic methods. The ability to analyze the
composition of the mixture at the nanoscale makes the surfaces
prepared for SERS promising in environmental studies, pharmaceutics,
in the analysis of real experiments, for the detection of narcotic
substances and explosives, the analysis of food quality, the detection of
individual algal cells, etc. SERS in combination with plasmonic
elements can be used for highly sensitive methods for detecting the
interaction between biomolecules (Yang et al., 2013; Han et al. 2014; Li
etal., 2014; Pallaoro et al., 2015; Lin et al., 2016; Xu et al., 2016).

Electrochemical biosensors containing capture antibodies and
secondary antibodies with a label (Fig. 1) are characterized by high
indicators of informative analysis (Mani et al., 2011). Electrochemical
sensors based on MPs are widely used in medical devices for in vitro
diagnosis, and most of them are based on capture ELISA (Tang et al.,
2007; Tsai et al., 2007).
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Fig. 5. The principle of detecting MPs on the basis
of non-linear remagnetization

Electrochemiluminescence  (ECL)  detection envisages
electrochemically generated light emission. As luminescent label
most often are used tris (2,2"-bipyridyl) ruthenium (II). Often, such
analytical systems contain avidin-biotin reagents based on the capture
ELISA principle and have a quite satisfactory bioanalytical
characteristic, which brings opportunities for their wide practical use
(De Roeck et al., 2017; Nie et al., 2017; Wang et al., 2017b).

Magneto-PCR based immunoassay. This method can be
considered as an analogue of ELISA in various modifications
(including using the avidin-biotin signal amplification system) in which
the label is not an enzyme but a DNA sequence. MPs function as a solid
phase. Obviously, such an analysis is more cumbersome, compared
with immuno-PCR, but it can provide even more impressive indicators
of informativity, in particular, analytical sensitivity (Malou et al., 2011).
For example, the authors managed to reach the limits of detecting the
surface antigen of hepatitis B virus at 320 pg/ml (traditional ELISA test-

kits have a sensitivity of about 10 ng/ml) (Wacker et al., 2007).
Consequently, such analytical systems are designed to determine the
small concentrations of bioanalys, including in complex materials.

Magnetic immunoassay automation. An important precondition
for the widespread use of MIA in clinical laboratory diagnostics is
possibility to automate and standardize of the analysis. The latter is
related with the standardization of hardware implementation of the
method. The most original automated application of MIA addresses the
technology of epitopon mapping. Epitope mapping enables one tos
obtain genetic engineering peptides (proteins) and their subsequent
study as potential antigenic determinants. At present, many variants of
this methodological approach have been developed, in particular: phage
and bacterial display, site-directed mutagenesis, mapping of recombi-
nant proteins with tag (Galkin, 2014b). The methodological principles
of use of MPs in epitope mapping technologies were formed at the end
of the 20th century (Kala et al., 1997; McConnell et al., 1999). Library-
based display technologies have been staggeringly optimized since their
appearance in order to mimic the process of natural molecular
evolution. Display technologies are essential for the isolation of specific
high-affinity binding molecules (proteins, polypeptides, nucleic acids
and others) for diagnostic and therapeutic applications in cancer,
infectious diseases, autoimmune, neurodegenerative, inflammatory
pathologies etc. Applications extend to other fields such as antibody and
enzyme engineering, cell-free protein synthesis and the discovery of
protein—protein interactions. Phage display technology is the most
established of these methods but more recent fully in vitro alternatives,
such as ribosome display, mRNA display, cis-activity based display and
covalent antibody display, as well as aptamer display and in vitro
compartmentalization, offer advantages over phage in library size,
speed and the display of unnatural amino acids and nucleotides.
Altogether, they have produced several molecules currently approved or
in diverse stages of clinical or preclinical testing and have provided
researchers with tools to address some of the disadvantages of peptides
and nucleotides such as their low affinity, low stability, high
immunogenicity and difficulty to cross membranes (Galan et al., 2016).

When setting MIA usually requires the presence of a microtiter
plate, a reader, a magnetic separator (used for washing the wells of the
tablet), a thermostat, a multichannel pipette. An original example is the
use of a pin-based magnetic particle processor to automate the method.
The processor can accommodate several microtiter plates filled with
different washing buffers and with different incubation periods.
Consequently, the processor application ensures the standardization of
such parameters as washing conditions, incubation time, and parallel
tests in different buffers. Separate stages of magnetic separation occur
when magnetic particles are transferred between the wells and rod-
shaped magnets, coated with a plastic coating through successive
seizure and release movements. Operating mode of magnetic particle
processors: the rod-shaped magnet is covered by a plastic cap and
moves into a solution containing suspended magnetic beads; moving
slowly up and down, the beads are attracted to the cover, and by moving
the covered magnet to the next position, the beads are transferred to a
new solution; once the magnet is removed from the cap, the beads are
slowly suspended again; the magnet head and plastic covers are raised
to the starting position to proceed to the next stage of the process
(Konthur et al., 2010).

Comparative characteristics of MIA and its prospects

The use of magnetic particles provides a number of advantages,
including the ease of separation and the suitability for automation. After
coating the magnetic particles with the ligand, they become suitable for
selective capture and distribution of various molecular particles. In this
case, undesired components, large or fibrous particles, and a viscous
matrix of the sample can be washed after a simple stage of magnetic
particle distribution. Thus, the high efficiency of magnetic separation
prevents the effect of non-target molecules that create the background
and provides the most sensitive detection of target molecules.

Magnetic particles are often used to detect antibodies/antigens for
several reasons. The use of MPs makes it possible to increase the
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surface area relative to the stable fluid volume in the well of a 96-well
plate, thereby facilitating the interaction between antigen and antibody
in a small volume (Lin et al., 2013). Increasing the area of the surface
and uniform distribution of the particles throughout the sample provides
the speed and sensitivity of determining the content of the molecules in
question at low concentrations. In addition, magnetic spherical particles
can be easily and quickly absorbed at the bottom of the well plate, and
can be separated from the medium using a magnetic field (Lin et al.,
2013). The method of magnetic ELISA is simple and fast, and, due to
the very low non-specific binding background, it requires very small
amounts of magnetic particles and a ligand. Preparation of magnetic
parts is carried out easily and quickly. Magnetic ELISA also provides
the availability of certain epitopes on the surface of the granules, that is,
the availability of primary antibodies, in the case of setting sandwich
variants of the method (Kourilov et al., 2002). The limitation in the
formulation of a magnetic ELISA still is the interpretation of the results
obtained at very low concentrations of target substances in the samples
(Burgos-Ramos et al., 2012).

The main advantages of MIA compared with the traditional ELISA
are as follows. First, the kinetics of the reaction of homogeneous small
particles of magnesium added to the solution of the sample occurs
quickly and effectively. The kinetics of the reaction when formulated
with the usual ELISA is much slower, since only the bottom layer of the
solution, captured on the surface of the polystyrene plate, directly
contacts the test substance in the sample. Secondly, removing unbound
reagents is more thorough when using homogeneous MPs, since the
whole surface of the magnetic particles in the suspension is washed out.
This approach provides the ability to remove most unbound reagents,
which helps to achieve a lower nonspecific background, which in turn,
improves the sensitivity of the analysis. Thirdly, even coverage ensures
the delivery of particles with similar properties to all wells. During
adsorption of molecules on the surface of the plate the phenomenon of
sticking to the walls of the hole tablet may occur, which will create a
background. Fourthly, the surface properties of the magnetic particles
can be modified to maximize and/or orientate the molecules attached to
their surface. Different molecules can be attached to the surface of the
particles by passive adsorption or by covalent binding as needed.
Fifthly, only magnetic particles can capture certain of the molecules
analyzed in the suspension, ignoring other components in the solution.
As a result, the target molecules can be concentrated in the precipitate
for a few minutes without centrifugation. The sediment of magnetic
particles with entrapped molecules analyzed can be transferred to the
well of the plate for analysis.

Magnetic particles are characterized by numerous properties that
make them suitable for widespread use in various fields — from
visualization to drug delivery: easy to fabricate, manipulate in fluid, as
well as a wide range of commercially available diameters of magnetic
particles, ranging from nanoparticles (50 nm) to microparticles (up to
ten microns) (Svobodova et al., 2015).

Magnetic particles have a wide range of applications: positive and
negative selection of cells, allocation of molecular complexes. Due to
the speed and ease of staging magnetic ELISA, this type of ELISA has
found its application for clinical purposes (Hoyoung et al., 2013).
Magnetic ELISA has been used for quantitative evaluation of immunoglo-
bulins, rapid detection of circulating antigens, determination of cyclo-
sporin A, and for other purposes. Selection of cells by means of
magnetic particles has a certain advantage. The method is fast and easy
to execute and does not require complicated hardware design. In
addition, the method practically does not affect the viability of cells, it
requires only very small amounts of the ligand, and can be performed in
sterile conditions. Activated balls adsorb ligands, are economically
affordable and can bind a large variety of molecules: antibodies, anti-
gens, hormones, DNA and RNA. Thus, the MIA absorbed on the
surface of the magnetic particle by a specific antibody is an excellent
way to test the adsorption of the appropriate ligand and verify the
availability of the appropriate epitopes. Another application of MIA is
the detection of mutations in medical genetics. This method has been
used for genotyping in samples from patients with predisposition to
thrombophilia and detecting fusion transcripts of chromosomal

translocations in children with acute lymphoblastic leukemia (Burgos-
Ramos et al., 2012). MIA can also be used to detect pathogens and
toxins present in food, water analysis (Orlov et al., 2013).

Conclusions

Magnetic immunoassay should be considered as an evolutionary
extension of the classical immunoassay. MIA can have many variants
of modifications, similar to the classic immunoenzymatic assay.
The key distinctive element of the MIA is the use of magnetic particles,
which are usually nanoparticles. MPs in the MIA can act as a marker
for detection, or the solid phase at which the immunochemical reaction
takes place.

MIA possesses two basic advantages over classical immunoassay
methods: thanks to the unique magnetic properties of the MPs and the
ability to manipulate it in the external magnetic field, it is possible to
increase the informative value of the analysis (first of all, sensitivity and
specificity), as well as the rigid requirements for “purity” of tested
samples.

Directions and prospects of the development of methods of
magnetic immunoassay are determined, mainly, by the development of
methods for detecting or influencing magnetic particles. In this case, the
classical methods of detection are electrochemical methods,
electrochemiluminescence, fluorescence. More modem ones include
giant magnetoresistance, superconducting quantum interference
devices, magneto-PCR immunoassay. The current trend is to combine
or integrate the application of various biochemical, physical, molecular
and genetic, physico-chemical detection methods. Such complex
approaches, on the one hand, allow one to achieve the best bioanalytical
characteristics of the analysis, and, on the other hand, complicate the
hardware design of the methods, which is not always favorable for
practical use. In fact, all of these benefits undoubtedly open up broad
prospects for the practical application of MIA in biology, biotechnology
and medicine.
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Introduction

Khromykh, N. O., Lykholat, Y. V., Kovalenko, 1. M., Kabar, A. M., Didur, O. O., & Nedzvetska, M. 1. (2018). Variability of the
antioxidant properties of Berberis fruits depending on the plant species and conditions of habitat. Regulatory Mechanisms in
Biosystems, 9(1), 56-61. doi: 10.15421/021807

Plant fruits, leaves, stems, and other parts are of high nutritional value, and are the source of physiologically active compounds,
which can contribute to the treatment of many diseases caused by oxidative stress. Enrichment of the species spectrum of the fruit
plants expands the possibilities of their use in dietary nutrition and human treatment. Unfortunately, the introduction of the new fiuit
plant species in industrial gardens in the Steppe Dnieper is limited to a large extent by the unfavorable climate. In this regard, the
assessment of the possibility of realizing the genetic potential of fruit plants from different geographical areas in the steppe climate
acquires both scientific and practical significance. The study was conducted on the basis of the fruit plants collection collection of the
Botanical Garden of the DNU including four introduced species and one natural species from the genus Berberis. The anomalous
weather conditions during the growing season of 2017 (snowfall in April followed by a drought in June) were accompanied by an
earlier stage appearance of leaves, flowering and fruit ripening of all introduced plants, especially the Asian species B. amurensis and
B. koreana, compared to the native species B. vulgaris. In accordance with the results obtained, fresh weight of the ripe fruits of
Berberis species decreased in the order of B. amurensis > B. vulgaris > B. canadensis > B. koreana > B. X declinata. The highest total
phenolics content, determined in the isopropanolic fiuit extracts by Folin — Ciocalteau assay, was found in the fresh ripe fruits of
B. koreana (1362 £+ 66 mg GAE/100 g WW), followed by B. x declinata and B. vulgaris fruits (91% and 77% of the B. koreana
phenolics content respectively). The highest total flavonoids content determined using the aluminum chloride method was revealed in
the fruits of B. koreana (210 + 6 mg RE/100 g FW) exceeding the content in fiuits of other Berberis species by 1.1-2.1 times, while
the lowest value (103 £ 4 mg RE/100 g FW) was found in the fiuits of B. amurensis. The total reducing power, determined by RP
assay, varied in the range from 5.0 to 9.6 mg AAE/100 g DW, and the highest levels were found in the fruits of B. koreana and B. x
declinata (respectively, 9.6 + 0.6 and 8.6 £ 0.5 mg AE/100 g DW) exceeding the reducing capacity of other Berberis species by 1.7—
1.9 times. In the fruits of genus Berberis species strong positive correlation was found between the total reducing power and the total
content of phenols (r = 0.87), as well as between the reducing power and the total content of flavonoids (r = 0.84). High correlation
coefficients confirm the significant contribution of the Berberis fruit phenolic compounds, including the flavonoids, to the antioxidant
capacity. So, the study results showed that fruits of all examined Berberis species can be an easily accessible source of antioxidants,
however, the antioxidant capacity of fruits decreased in order of B. koreana > B. x declinata > B. vulgaris > B. amurensis >
B. canadensis.

Keywords: fruit plants; Berberis; antioxidants; phenols; flavonoids; total reducing power

use in traditional medicine and today presents a number of important
objects of numerical research to obtain new substances for the creation

The introduction of fruit plants enriches the variety of the species
composition of the regional flora and at the same time creates an
opportunity to expand the vegetable raw material base to meet the
nutritional needs of human health. To date, more than 400 species of
fruit and berry plants have been introduced in different regions of
Ukraine, but they have been introduced insufficiently in industrial
gardens in the Steppe Dnieper due to the unfavorable climate. Efficien-
cy of the adaptation of useful fruit species to the adverse regional
climatic conditions can be increased, in particular, due to the use of
synthetic plant growth regulators (Shcherbina et al., 2017). Recently the
technogenic impact and changes of climate have affected the state of
living organisms: plants (Lykholat et al., 2017), animals (Brygadyrenko,
2015) and people (Lykholat et al., 2016). Plant fruits, leaves, stems and
other parts are of high nutritional value and are the source of
physiologically active compounds. This predetermines their long-term

of therapeutic agents (Bak et al., 2010; Orhan, 2012; Imenshahidi &
Hosseinzadeh, 2016; Rahimi-Madiseh et al., 2017). Thanks to the
ability to biosynthesis and the accumulation of the components with
antioxidant properties, fruit plants can contribute to the treatment of
many diseases caused by oxidative stress (Sahan et al., 2012). For
instance, the antioxidant ability of the phenolic compounds contained in
plants is associated with anti-carcinogenic, anti-mutagenic and anti-
inflammatory effects, as well as the effect on signaling pathways of
carcinogen metabolism (Huang et al, 2010). Extracts from fruits,
leaves, roots and other plant organs are now widely used in medical
research. In particular, the high potential of the extracts from Berberis
vulgaris for inhibiting lipid peroxidation has been demonstrated,
indicating promising use in the treatment of hepatic oxidative stress,
idiopathic male factor infertility and Alzheimer’s disease (Abd El-
Wahab et al., 2013).
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In the recent decades, Alzheimer’s disease has become one of the
most threatening diseases in the elderly, especially because of the lack
of an effective therapeutic agent against this disease. According to the
generally accepted cholinergic hypothesis of the origin of the disease, its
appearance is associated with a deficiency of the neurotransmitters
acetylcholine and butyrylcholine; consequently, the inhibition of the
acetylcholinesterase and butyrylcholinesterase enzymes, that cleave
acetylcholine and butyrylcholine, has become the common approach to
the treatment of Alzheimer’s disease (Orhan, 2012). Since the necessary
properties possess metabolites of plant origin, in this regard, the
establishment of a wide range of pharmacological effects of the natural
alkaloids has become of great importance. In the methanol extracts from
roots and stems of different plants of the Berberis genus, four alkaloids
were identified by HPLC, including berbamine, jatroizine, berberine
and palametin (Di et al., 2003). The most well-defined are the properties
of isoquinoline alkaloid berberine, which is contained in plants of
different species of the genus Berberis. The berberine effects include an
inhibitory effect on acetylcholinesterase and butyrylcholinesterase,
inhibition of monoamine oxidase, reduction of amidoid-peptide levels
and lower cholesterol levels, making berberine a promising agent
against Alzheimer’s disease (Ji & Shen, 2011).

Among all the species of Berberis genus, the phytochemical
composition of B. vulgaris is the most widely studied at present,
including a large number of components, such as ascorbic acid, vitamin
K, several triterpenoids, more than 10 phenolic compounds and more
than 30 alkaloids. Thus, three phenolic compounds were identified in
the extracts from root cortex of B. vulgaris, including N-(p-trans-Cuma-
royl) tyramine, cannabisine G and (+/-)-lyonirisinol; of these, cannabisin
exhibits high antioxidant activity (Tomosaka et al., 2008). In addition to
alkaloid berberine, the most important components of the roots, bark,
leaves and fruits of B. vulgaris are isoquinoline alkaloids, beramines and
palmatin. As a result, extracts from almost all parts of B. vulgaris can
have anti-inflammatory, antioxidant, antidiabetic, antibacterial, analge-
sic and hepatotoxic effects (Imanshahidi and Hosseinzadeh, 2008).

Recent studies have confirmed the known effects of B. vulgaris in
traditional medicine and justified the use of fruits and other organs of
B. vulgaris for the development of new drugs (Rahimi-Madisch et al.,
2017). In particular, it has been shown that B. vulgaris extracts are safe
and non-toxic and can induce the death of cancer cells due to their
potent antioxidant activity (Abd EI-Wahab et al., 2013; Hoshyar et al.,
2016). In addition, based on clinical trials, the suitability of B. vulgaris
extracts and berberine has been demonstrated as well for the treatment
of tumors, diabetes, cardiovascular diseases, hyperlipidemia, inflamma-
tion, bacterial and viral infections, mental illnesses, Alzheimer’s disease,
osteoporosis (Imenshahidi & Hosseinzadeh, 2016).

Other species of the Berberis genus require detailed phytochemical
studies; however, data on the chemical composition of extracts from the
roots of B. aetnensis and B. libanotica indicate the possibility of using
these plants as promising species for the treatment of Alzheimer’s
disease (Bonesi et al., 2013). The analysis of methanolic extracts from
the bark of B. darwinii for inhibition of acetylcholine esterase in vitro
has confirmed the therapeutic potential of the plants for the treatment of
Alzheimer’s disease (Habtemariam, 2011).

The numerous studies of the plant’s physiologically active com-
pounds have shown the dependence of their accumulation both on the
plant properties and on the environment (Vagiri et al., 2013). For
instance, in the B. asiatica plants in the western Himalayas, the
berberine content was significantly higher in the populations growing at
low altitudes and in all populations was higher in the roots than in the
stems. In addition, moisture and potassium content of the soil signify-
cantly affected the berberine content (Andola et al., 2010). It was shown
that the total content of alkaloids in the stems and roots of different
plants of the Berberis genus depends on the origin of plants, their
species and various organs (Di et al., 2003). Consequently, the content
of physiologically active metabolites in fruits and other parts of the plant
is determined genetically and simultaneously has a high dependence on
the microclimatic and edaphic conditions in which the ontogenetic
development of the fruit plants took place. In this paper, we aimed to
study the implementation of the genetically determined antioxidant

potential of fruits of the Berberis species during vegetation in the
climatic conditions of the Steppe Dnieper.

Materials and methods

Study area. The research was conducted in 2017 in Dnipro city
(steppe zone of Ukraine) in the Botanical Garden of Oles Honchar
Dnipro National University (48°26°14’” N, 35°02°35”” E). The climate
of the region has distinct continental features, including seasonal
droughts with high temperatures and dry hot winds. The low average
amount of precipitation (472 mm) decreases in arid years to 250 mm,
and the total evaporation for a year exceeds the amount of precipitation
by 2-3 times. The weather conditions during the period of research
were characterized by abnormal features, in particular, the precipitation
of 4 cm of snow with the simultaneous decrease in temperature to 3—6 °C
from April 19 to 22, and thereafter the heat and droughts observed
during June (Table 1).

Table 1
Local weather conditions in June 2017 (city of Dnipro)

Air temperature, Temperatureonthe — Relative
Period °C surface of the soil, °C humidity, %
average norm  min max  min average actual norm
Idecade  20.1 19.1 6.3 570 23 52 03 14.0
IIdecade 190 19.1 8.8 582 28 o4 171 270
Il decade 232 206 88 60.3 27 60 197 180

Rainfall, mm

Data collection. The study objects were the fruits of the Berberis
plants from the collection of the Botanical Garden of DNU, among
which there was a natural species B. vulgaris, as well as four introduced
species from different geographic regions. The Berberis genus has up to
500 species of plants and belongs to the Barberry family (Berberida-
ceae). All plants of this genus are omamental shrubs that are spectacular
during flowering and fruiting, have smart leaves and spiny shoots. Their
areas of natural growth are Transcaucasia, Southern and Eastern Euro-
pe, and Asia, where the plants prefer to settle in dry and light areas near
forests, on mountain slopes, infertile soils.

B. vulgaris (European barberry) has a natural distribution within the
Near East, Transcaucasia, Central, Eastern and Southern Europe, where
it grows on the forest edges, slopes, lawns; in the mountains reaches up
to 2000 m. Barberry prefers light and dry areas. It is also found on chalk
outcrops and river gravels. This species has shoots of up to 2-3 m in
height, blooms in the period from April to May; the fruits ripen during
September — October. The main advantage over other fruit barberries is
its high winter hardiness; it is able to survive frosts down to—35 °C.

B. amurensis is common in the Far East, Korea, and China, where
it grows on the fringes of forests and the banks of mountain streams, on
stony ground. This is a thorny shrub with a sprawling crown up to 3.5 m
in height. The shoots have a yellowish tint; they turn gray-yellow by the
autumn. The color of the leaves also varies depending on the season: in
summer they are bright green, and in autumn red or golden-red. The
fiuits of this species are red, shiny, and edible, ripen in October.

B. canadensis (American barberry) grows in the valleys and on the
banks of the rivers of North America, where it also grows on mountain
slopes. Brown and purple shoots of the bush reach a height of 2.0—
2.5 m. The species blooms in June, the fruits have an elliptical shape, up to
1 cm long. This species bloomsis abundantly from mid-May to June, un-
pretentious, easily tolerates drought and winter frosts. This species has
sufficient winter hardiness and heat resistance, but suffers from dryness.

B. koreana grows on the Korean peninsula. This species has
became known as a cultivar only relatively recently, at the beginning of
the 20th century, and has not yet widely spread. The height of the shrub
does not exceed 2 m, the leaves are larger, stiffer, almost leathery. This
plant blooms from late May to the second decade of June, approxi-
mately in the course of two weeks. Fruits ripen in September and have
an almost spherical shape. This species is characterized by high winter
hardiness; it prefers light, but it tolerates a partial shade, it is not exacting
to the fertility of soils, it is drought-resistant. This species prefers
alkaline soils, although it also grows on slightly acidic soils, but it does
not survive the stagnant moistening and compaction of soils.
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B. X declinata is a hybridogenic species, which is a spontaneous
hybrid of B. canadensis and B. vulgaris. This is a shrub of up to 2 m in
height with a densely curved crown, which has spines up to 1.5 cm in
length. Plant leaves appear in April, flowering begins at the end of May
and continues in June. Fruits up to 1 cm in length ripen during August-
September. This species is one of the most winter-hardy species and can

Table 2

withstand frost up to —34 °C. The plants of this species do not require
watering, however they need intensive lighting. The observations
conducted during 2017 characterized the phenological peculiarities of
the studied species of the genus Berberis, so the selection of fruits is
carried out in accordance with the terms of their maturation for the
different plant species (Table 2).

Characteristics of the phenological differences of genus Berberis species in 2017

Phenological phases of plants

Species Introduction time Source of the introduction - - -
leaves appearance flowering ripe fiuit appearance
B. vulgaris L. 1954 MM. Gryshko NBG, Ukraine, Kyiv 10.04 27.04-07.05. 28.09.
B. amurensis Rupr. 1956 Finland, Helsinki 03.04. 20.04—-02.05. 16.09.
B. canadensis Mill. 1952 Canada, Ottawa 06.04. 25.04.—05.05. 25.09.
B. koreana Palib. 1950 Denmark, Copenhagen 05.04. 21.04.—02.05. 19.09.
B. x declinata Schrad. 1950 State Nykytskyj Botanical Garden, Crimea, Yalta 08.04. 25.04.—04.05. 26.09.

It should be noted that in April 2017 anomalous snowfall together
with a sharp drop in temperature coincided with the flowering phase in
the two studied species B. amurensis and B. koreana, and these species
were the first to form ripe fruit. All other species started the flowering
phase later, after the temperature had risen. The strong drought, which
was observed in the first two decades of June, created unfavorable con-
ditions for plants of all the species in the initial period of fruit formation.

Data analysis. The antioxidant compounds of fruits of all Berberis
species were extracted using 80% isopropanol. The extracts intended to
determine the total content of phenolic compounds and flavonoids were
obtained by boiling 1 g of pulp of fresh fruits (without peel and seeds) in
10 ml of isopropanol for 1 hour with a reflux condenser. After this, the
crude extracts were cooled, filtered, and then the volume of isopropanol
was adjusted to 10 ml. To determine the total antioxidant capacity
(by FRAP assay) of the fruits, extracts obtained by holding the air-dried
powdered vegetable material (200 mg) in 5 ml of isopropanol for
24 hours at room temperature were used.

The total phenolic content of the fruit extracts was measured by the
Folin — Ciocalteau method described by Singleton et al (1999) in modi-
fication (Nwanna et al., 2013). Briefly, 0.2 ml of the plant extract diluted
with 0.2 ml of distilled water was oxidized with 1 ml of 10% Folin —
Ciocalteau reagent, and neutralized by 0.8 ml of 7.5% sodium carbonate
solution in three minutes. Next, the reaction mixture was incubated for
40 minutes at 45 °C, and cooled, after which the optical density of the
samples was measured at a wavelength of 726 nm. The total content of
the phenolic compounds was calculated using a calibration graph pre-
pared on the solutions of Gallic acid (GA) in the range 2.5-20.0 pg/ml.
The study results were expressed as mg Gallic acid equivalents per
100 g of fruit wet weight (mg GAE/100 g WW).

Aluminium chloride spectrophetometric method in the modificati-
on of Pekal and Pyrzynska (2014) was used for the measurement of the
total flavonoids content in the Berberis fruits. In brief, to 2 ml of isopro-
panol extract from the fresh fruits, 1 ml of a 2% solution of aluminum
chloride (AICL), and 1 ml of 1 M sodium acetate solution were added.
The reaction mixture was maintained for 10 minutes at room temperatu-
re, filtered and the optical density measured at 425 nm. The quantitative
content of flavonoids in the samples was calculated using a calibration
graph prepared on the routine solutions with different concentrations
(7.5, 15, 30, 50, 75, and 90 pg/ml), and the result was expressed as mg
routine equivalents per 100 g of fruit wet weight (RE/100 g WW).

The reducing power (RP) of the Berberis fruits was determined
according to the procedure described by Pulido et al. (2000). Briefly, 1
ml of extract was mixed with 1 ml of a 0.2 M sodium phosphate buffer
(pH = 6.6) and 1 ml of 1% potassium ferricyanide (K;Fe(CN)g), and the
reactive mixture was incubated at 50 °C for 20 min. After that, 1 ml of
10% trichloroacetic acid was added to the mixture which was cen-
trifuged at 3000 rpm for 10 min. Then, to 1 ml of the supernatant 1 ml
distilled water and 0.2 ml of 0.1% ferric chloride (FeCls) solution were
added, and the absorbance was measured at 700 nm. Ascorbic acid was
used as reference standard, and the calibration graph was constructed by
solutions of ascorbic acid (AA) in the range of concentrations 10—
100 pg/ml. The total reduction power of the crude fruit extracts was
expressed as ascorbic acid equivalents per g of dry fruits weight (mg

AAE/g DW) in accordance with the method of Augustus et al (2015).

Data were expressed as mean + standard deviation (SD) of three
measurements. The differences were considered to be statistically signi-
ficant at P < 0.05. Statistical analyses were performed with used T-test
and F-test for independent samples. Interspecific differences in the anti-
oxidant properties of the Berberis fruits were evaluated in comparison
with the indices of the natural species B. vulgaris. Pearson correlation
was used to analyze the relation between environmental variables of
Berberis pooled for all sampling dates.

Results

The average mass of raw ripe fruits of the different species of
Berberis measured at the time of ripe fuit selection varied considerably
in the different species of the genus (Table 3).

Table 3
The weight of the fresh Berberis fruits (average of 100 fruits)
collected in 2017

Species Fruit weight, g, x££ SD P
B. vulgaris 2499 +8374 -
B. amurensis 39.45+6.050 0.0001
B. canadensis 19.09+3.356 0.0171
B. koreana 16.58 +£1.394 0.0007
B. x declinata 11.66 + 1.643 <0.0001

A comparative analysis of fruit fresh weight of the introduced
species with the weight of B. vulgaris fruits showed a significant (P <
0.05) difference in the characteristics. The greatest average weight was
found for the fiuits of B. amurensis (39.45 +2.211 g per 100 fruits), and
the smallest weight was found for the fruits of the hybrid species B. x
declinata (11.22 +1.076 g per 100 fruits).

The total phenolic compounds in the ripe fruits of the different
Berberis species as determined by Folin — Ciocalteau assay, was expres-
sed as Gallic acid equivalents (GAE) by reference to a standard curve (y
= 304.15x, and R*> = 0.99). The total flavonoids content of various
species of Berberis was determined using aluminum chloride method,
and is expressed as routine equivalent (equation of regression y =
0.0139x, R? = 0.999). The total reducing power (RP) of the fiuits of
Berberis different species was expressed as the equivalent of ascorbic
acid (equation of linear regression y = 252.05x — 32.316, R* = 0.993).
Then, the study results (mean + standard deviation) were statistically
processed using the B. vulgaris indexes as a control (Table 4).

Discussion

In accordance with the results obtained, average fruit weight of the
different Berberis species decreased in the order of B. amurensis >
B. vulgaris > B. canadensis > B. koreana > B. X declinata. The size and
weight of the fruits is a specific feature of a certain genotype, as well as
important attributes of fruit quality, which, along with other characteris-
tics, help to correctly evaluate new or introduced species (McGhie et al.,
2005; Kaldmae et al., 2013). The weight of the B. amurensis fruits
exceeded the weight of the fruits of all other Berberis species by 1.6-3.4
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times, which can be advantage of this species at the estimation of fruit
harvest. In addition, B. amurensis was the first of all the species to
undergo the flowering and ripening of the fiuits in less favorable conditions
in2017 (Table 2).

Table 4
Statistical estimate of total phenolic, total flavonoids content, and the
reducing power of the Berberis fruits

Species Index,x+SD  t-value df P F-ratio P
Total phenolic content (mg Gallic Acid Equivalents/100 g WW)
B. vulgaris 1052.3+54.34 - - - - -
B. amurensis 923.2+45.89 315 4 00347 140 0.833
B. canadensis 899.2+33.96 414 4 00144 256 0.562
B. koreana 1362.8+66.11 628 4 00033 148 0.806
B.xdeclinata  12432+2743 543 4 00056 392 0.406
Total flavonoids content (mg Routine Equivalents/100 g WW)
B. vulgaris 142.5+6.38 - - - - -
B. amurensis 102.8+4.13 904 4  0.0008 239 0.590
B. canadensis 109.8 +4.86 706 4 00021 173 0.734
B. koreana 2104+6.10 1331 4 00002 1.09 0.955
B. x declinata 188.2+7.83 784 4 00014 150 0.799
Total reducing power (mg Ascorbic Acid Equivalents/g DW)
B. vulgaris 76+0.39 - - - - -
B. amurensis 7.1+£0.54 -138 4 02395 193 0.683
B. canadensis 5.0+041 -803 4 00013 145 0.815

B. koreana
B. x declinata

9.6+0.56 508 4
8.6+0.50 259 4

0.0071  2.10
0.0607  1.69

0.646
0.744

In our study, the total phenolic content of the crude extracts of the
Berberis fruits varied in a relatively wide range, and the content of the
phenols in the B. vulgaris was significantly (P < 0.05) different from
those of all other species (Table 4). The study results showed that the
highest phenolics concentration was revealed in the fresh ripe fiuits of
B. koreana (1362.8 + 66.1 mg GAE/100 g WW), followed by B. x
declinata fruits (91% of the B. koreana phenolics content). The
phenolics concentration in the fiuits of the native species B. vulgaris
(10523 + 54.3 mg GAE/100 g WW) reached 77% of the highest
content in B. koreana fruits. Similar content of the polyphenols was
found by Pyrkosz-Biardzka et al. (2014) in the methanolic crude ext-
racts of B. vulgaris fruits, where it reached 1024.3 + 15.2 mg GAE/100 g
FM. The aqueous and alcoholic extracts of B. vulgaris fruits contained
the total phenols at the levels 184.1 = 5.3 and 291.2 + 2.5 mg GAE/g of
dried extract respectively (Hoshyar et al., 2016). In total, the results
obtained showed the fairly high total phenolic content in the fruits of
Berberis species compared to other fruit plants. Thus, Wolfe et al.
(2003) evaluated the highest total phenolic content in different varieties
of apples as 589 + 83.2 and 500 + 13.7 mg GAE/100 g of crude mass.

The smallest value of the phenolic compounds was revealed in the
fresh fruits of the northern species B. canadensis (899.2 + 34.0 mg
GAE/100 g WW), and it was one and a half times lower than that of the
southern species B. koreana. Significant differences in the content of
phenolic compounds in the investigated fruits of Berberis species are
consistent with other data on the variation of total phenolic content, de-
pending on the genotype and plant tissues as well. Thus, a study of small
fruits from 107 genotypes of three genera (Vaccinium L., Rubus L., and
Ribes L.) demonstrates the wide diversity of phytochemical levels (total
phenols and anthocyanins), and antioxidant capacities within and across
genera (Moyer et al., 2002). The variation in the content of polyphenols
in the range from 523 to 2724 mg GAE/100 g dry mass was found in a
group of 67 different apple varieties (Wojdyto et al., 2008). In the leaves
and flowers of Crataegus azarolus the total content of the phenols vari-
ed from 2.83 mg to 111.96 GAE/g of dried extract (Lakache et al., 2016).
The HPLC analysis showed that among four cultivars of saskatoon
berry (Amelanchier alnifolia Nutt.) grown in Finland, the total phenolic
content varied 410.6-822.1 mg/g FW (Lavola et al.,, 2016). The total
level of the polyphenols of four different honeysuckle (Lonicera caeru-
lea L.) genotypes identified by LC/MS method was 775-2005 mg/100 g
dry matter (Wojdylo et al,, 2013).

The natural phenolic compounds are the secondary plant metaboli-
tes, which form a large and diverse group of the phytochemicals inclu-
ding simple phenols, lignans, phenylpropanoids, flavonoids, coumarins

and other compounds (Jafari et al., 2014). Phenols carry out important
physiological functions in the plant organism, in particular, increased
accumulation of phenolic compounds in the leaves positively correlated
with the improvement of the stability of the clover plants to drought
(Nichols et al., 2015). Flavonoids are polyphenolic compounds, whose
potential is not fully revealed, although they have been studied for a
long time (Eghdami & Sadeghi, 2010). In our study, the highest total
content of the flavonoid compounds revealed in fruits of B. koreana
(2104 £ 6.1 mg RE/100 g WW) exceeded the content in fruits of other
Berberis species by 1.1-2.1 times, and the lowest value (102.8 £4.1 mg
RE/100 g WW) was found in the fruits of B. amurensis (Table 4).
The content of flavonoids determined by us in the isopropanolic extracts
of B. vulgaris fiuits (142.9 £+ 6.4 mg RE/100 g WW) was higher than
the content in methanol extract (86.0 + 1.8 mg RE/100 g FM), reported
by Pyrkosz-Biardzka et al. (2014). The highest flavonoids share in total
phenolics content was found in the fruits of B. koreana and B. x decli-
nata (15.5% and 15.1% respectively), while it decreased to 13.6%,
12.5%, and 11.1%, respectively, in the fruits of species B. vulgaris,
B. canadensis and B. amurensis. Much higher percentages of flavonoids
were revealed in the fruits of different apple genotypes, where the
flavonoids accounted for 52-60% (Wolfe et al., 2003), or even 80% of
the total content of phenols (Wojdylo et al., 2008). The highest amount
of flavonoids in the leaves and flowers of Crataegus azarolus reached
5.9 mg QE/g of dried extract (Lakache et al., 2016).

The reducing power reflects the antioxidant capacity of plant
extracts, and it can be characterized by different methods and expressed
in different units, which complicates comparison of results. The
antioxidant properties of fruits are due to both the ability to trap free
radicals and to form metal chelates (Brewer, 2011), which suggests
differences in the estimation of the reduction potential. In our study, the
highest levels of the total reducing power (determined by RP assay) was
found in the fruits of B. koreana and B. x declinata (respectively, 9.6 +
0.6 and 8.6 = 0.5 mg AE/100 g DW) exceeding the indices of other
species by 1.7—1.9 times (Table 4). Deepa et al. (2013) reported the total
reducing power of the methanolic extracts of different Indian spice
herbs variation in range 0.57-6.0 mg AAE/g DW. In the fuits of two
different genotypes of eggplant (Solanaceae) the reducing power was
determined at the levels 48.8 + 0.6 and 56.7 + 1.4 mg AE/g of dried
extract (Nwanna et al., 2013). The reducing power of fresh Thymus
vulgaris leave extracts varied between 0.39-0.94 mg AAE/g WW
(Eghdami et al., 2013). The reducing capacity of the extracts from the
plants of Cyperus erectus in the range 5.6-20.0 mg AAE/g DW was
estimated as high (Augustus et al., 2015). Therefore, the reducing power
of the Berberis fruits defined in the range 5.0-9.6 mg AAE/100 g DW
may be deemed sufficiently high. Since the flavonoids are the major
contributors to the total reducing power in different fiuit species (Borges
et al., 2010), it is possible that antioxidant capacity of fruits of some
Berberis species could be reduced due to the adverse effects of
abnormal weather conditions during the growing season in 2017
(Table 2). This assumption is consistent, in particular, with the data of
Bettaieb et al. (2011) on the dependence of the antioxidant level of
cumin (Cuminum cyminum L.) on the power of stress in experimental
drought conditions.

In our study,a strong positive correlation was found between the
total reducing power and the total content of phenols in the fiuit extracts
of Berberis species (r = 0.87, P <0.001), and the total content of flavo-
noids and the total reducing power as well (r = 0.84, P < 0.001). High
correlation coefficients confirm the significant contribution of phenolic
compounds, including flavonoids, to the antioxidant capacity of the
fruits of all examined Berberis species, which can be an easily acces-
sible source of antioxidants. The obtained results comport with data
(Konci¢ et al., 2010) on the correlation between the antioxidant capacity
and phenolic compounds content in fruits of B. vulgaris and B. croatica.

Conclusion
The study results confirmed the remarkable effect of genotype on

the nature of phenology and accumulation of the phenolic compounds
in the fruits of different Berberis species. Regional unfavorable weather

Regul. Mech. Biosyst., 9(1) 59



conditions during the growing season stimulated the earlier stage
appearance of leaves, flowering and fiuit ripening of all introduced
plants compared to the native species B. vulgaris. However, the most
accelerated were the phenological rhythms of the Asian species
B. amurensis and B. koreana, while the phenological phases of the
northemn species B. canadensis and the hybrid species B. X declinata
were closer to B. vulgaris. The fruit weight of the different Berberis
species decreased in the order of B. amurensis > B. vulgaris > B.
canadensis > B. koreana > B. X declinata. Antioxidant capacity was
determined as relatively high in the fruits of all Berberis species, with a
significant predominance of B. koreana and B. x declinata. The total
phenolic content of the fiuits and also the total reducing power
decreased in the order of B. koreana > B. x declinata > B. vulgaris > B.
amurensis > B. canadensis, while the total flavonoids content — in the
order of B. koreana > B. x declinata > B. vulgaris > B. canadensis > B.
amurensis. The relatively low concentration of the antioxidants in the
fruits of B. amurensis can be compensated for by the largest fruit weight
of this species. Results showed that all the studied species of the genus
Berberis are sufficiently rich sources of natural phenolic antioxidants.
Species B. koreana and B. x declinata could potentially be the most
promising in the unstable climatic conditions of the Steppe Dnieper.
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Introduction

Slyvka, 1. M., Tsisaryk, O. Y., Dronyk, G. V., & Musiy, L. Y. (2018). Strains of lactic acid bacteria isolated from
traditional Carpathian cheeses. Regulatory Mechanisms in Biosystems, 9(1), 62—68. doi: 10.15421/021808

Traditional national fermented products and cheeses are a source for the search for species and strains of lactic acid
bacteria (LAB) which are not within the range of bacterial agents used in the dairy industry. Classical and modern
genetic-molecular methods are used to identify LAB isolated from such products. The purpose of our work was
isolation and identification of LAB from traditional Carpathian cheeses made from ewe's milk and the study of their
technological properties. Three samples of cheese were selected for our research — one sample of brine cheese bryndza
and one sample of budz (bryndza before salting), produced in the highlands of the Carpathians and one sample of buts,
produced in the foothills zone. 106 cultures were isolated from the samples of cheese. Genus and species identification
was completed using classical microbiological and molecular genetics methods. Based on the complex of tinctorial,
cultural, physiological and biochemical indices, the LAB isolated were assigned to the following genera and species:
Lactococcus spp. (26 cultures), including L. lactis (13 cultures) and L. garvieae (13 cultures); Lactobacillus spp. —
L. plantarum (31 cultures); Enterococcus spp. — E. faecium (25 cultures); Leuconostoc spp. — L. mesenteroides (24 cul-
tures). These results were confirmed by molecular genetics methods. The largest range of species was found in a sample
of bryndza from the Carpathian highlands. The isolated cultures were studied according to technological properties —
milk-coagulation activity, acid-forming ability and resistance to different concentrations of kitchen salt. Most strains of
L. lactis ssp. lactis, L. plantarum and L. mesenteroides were active acid-forming agents and coagulated milk in 3—
9 hours, while L. garvieae and E. faecium coagulated milk after more than 24 hours. More than 80% of cultures showed
resistance to 4% of kitchen salt solution, E. faecium was observed to have the highest salt tolerance. The results of
RAPD typing showed significant intra-species heterogeneity, which indicates the need for further research on
identification of individual strains. In all samples of cheese, L. lactis, L. garvieae, E. faecium were detected, which
shows that they are typical representatives within the traditional Carpathian bryndza. Particular attention was paid to
E. faecium, as many researchers have indicated probiotic properties of individual strains, as well as the ability to
synthesize volatile substances that enrich the flavor bouquet of cheeses. Today strains of E. faecium are involved in the
bacterial composition of starter cultures for cheeses.

Keywords: cheese bryndza; cheese buts; tinctorial properties; polymerase chain reaction; RAPD-typing

the bacteria of domestic traditional fermented milk products and cheese,
made in non-industrial conditions in Ukraine remain unresearched, and

Traditional dairy products are made from raw milk using non-in-
dustrial methods, and contain specioes and strains of lactic acid bacteria
(LAB), which are currently not included in fermentation starter prepara-
tions used in the dairy industry. These bacteria may be capable of valu-
able technological (Zhong et al., 2016) and probiotic properties (Nata-
rajan and Parani, 2015; Zhang et al., 2016, 2017). Therefore, in recent
years, researchers have focussed on these bacteria, first of all, as strains
which are promising for industrial use (Ortakci et al., 2015; Oberg et al.,
2016; Culumber et al., 2017). Strains with probiotic properties are inclu-
ded in bacterial preparations for producing dairy products with function-
nal properties, and also for producing medical preparations (Chaharov-
skyy & Zholkevskaya, 2003; Kigel', 2003; Diduh et al., 2008). Micro-
biota of traditional dairy products are a subject of interest for research
from the perspective of natural populations, which were formed over a
prolonged period in certain geographical regions (Bao et al., 2012; Liu
et al., 2012). Between the cultures in such populations, symbiotic inter-
relations occur (Kimoto-Nira et al., 2012); this can be a model for con-
structing new microbial compositions. It is important not to lose such
natural populations. Unfortunately, the composition and properties of

the number of such products continues to decrease.

One of the most popular national dairy products is bryndza, brined
cheese made in the Carpathians from raw sheep milk directly in the
pastures where the sheep are grazed from May to October. Creating
bacterial preparations for industrial production of bryndza out of pasteu-
rized milk would allow inoculation of bryndza using pure cultures,
which are typical for raw milk. This, in turn, would allow one to obtain
a safe product while maintaining the taste and the aroma of the tradition-
nal cheese (Neviani et al., 2009; Zhong et al., 2016), which is an daily
product of consumption for the inhabitants of the Carpathians and a
favorite product for many consumers. We should emphasize the fact
that using an industrial bacterial preparation is a precondition for
controlling the technological processes and receiving the product with
the desired properties.

Until now, the selection of strains for bacterial preparations have
used mostly classical microbiological methods. The identification and
assessment of the natural ecological niches isolated from the microbio-
logical cultures were made studying their morphological, cultural,
physical-chemical and technological propetties (Ao et al., 2012). The
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achievements of the past decades in microbiology, genetics and
molecular biology allow the genetic diversity of certain species of
microorganisms to be characterised. The development of the systema-
tics of microorganisms on the basis of molecular-genetic methods
oriented towards studying the bacterial genome, and accumulation of
experimental data enable a number of controversial problems to be
solved regarding the taxonomical position of particular groups of
microorganisms (Kovalenko & Lashhevskyj, 2003; Giraffa et al., 2010;
Vasyljuk et al., 2014). Modern biotechnology is inextricably linked to
using new approaches to selecting the natural strains of microorganisms
for the composition of bacterial preparations (Podgorskyj & Kovalenko,
2002; Naumenko, 2005; Mayo et al., 2014). The new approaches
include the selection of strains, for the strains possess features which are
essential for industrial use in food products. These features, first of all,
include safety, i.e. no pathogenic factors and no signs of resistance to
antibiotics (Amaral et al., 2016; Zhang et al., 2016). Some features of
the strains are related to the probiotic properties, i.¢. ability to synthesize
the bacteriocins (Ao et al., 2012; Goh & Philip, 2015), survival in the
conditions of the gastrointestinal tract and manifestation of adhesive
properties (Amaral et al., 2016) and decrease in the level of cholesterol
in the blood (Zhang et al., 2017). The objective of our research was the
isolation and identification of LAB in traditional Carpathian cheese,
made of sheep milk, and study of their properties.

Materials and methods

The article analyzes LAB, isolated from three samples of traditional
sheep cheese, bryndza and budz, selected in different geographical
regions of the Carpathians and made from milk of different sheep
breeds (Table 1).

Table 1
Origin of cheese samples
Kindof ~ Design atlor}s of Location of cheese selection Sheep breed
cheese  samples hereinafter
Putyla, Chernivtsi Oblast Ukrainian
Bryndza A (highland) Carpathian
Putyla, Chernivtsi Oblast Ukrainian
%
Budz B (highland) Carpathian
Dana farm, Koteleve village .
L * Bucovina type
%
Budz C Chenivtsi Oblast of Karakul breed

(pre-mountain area)

Note: * —Budz sheep cheese according to the technology is Bryndza before salting.

For isolating the bacteria, we selected one gram of cheese from
each sample, and homogenized it in 9 ml of sterile saline solution.
The bacteria were inoculated onto solid growth mediums M;; and MRS
(Himedia, India) using the method of ten-fold serial dilutions (10 to
10°%) of the analyzed material. The inoculations were carried out in three
parallels. They were cultivated in a thermostat at the temperatures of 30,
42 °C over 48 hours. All studied cultures were inoculated at least twice
into MRS and M;; agar. The strains of lactate bacteria were maintained
in 0.5 ml of MRS or M;; nutrient broth, which included LAB cultures,
which were mixed with 50% sterile glycerol and frozen to —80 °C.
The numberof lactate microorganisms were calculated using the stan-
dard method according to GOST 104444.11-89. Food products. Met-
hods for identification of the lactic acid bacteria.

The study of morphological characteristics of the LAB cultures
used preparations stained using Gram’s method. Microscopy was made
using immersion oil and 1350 zoom. We determined the size, pattern
of staining, cell position, absence of unfavourable (external) microflora
and changed forms in the smear.

We chose only gram-positive and catalase-negative isolates, which
were maintained at the temperature —80 °C in sterile MRS broth with
addition of 15% glycerine. Frozen bacterial cultures were used for fur-
ther identification. The working cultures were revived from frozen into
working cultures by making two inoculations in MRS broth at the
temperature of 45 °C.

The differential characteristics for determination of genus were
conducted using the complex of tinctorial, cultural and physical-bioche-

mical features of the studied LAB strains. The main criteria for the
differentiation were: the ability to release CO, when the media is culti-
vated with glucose, fermentation of a particular range of carbohydrates,
hydrolysis of arginine (Harrigan & McCance, 1976), growth at different
temperature regimes 10, 15 and 45 °C, and also capability of growth in
the presence of 2.0, 4.0, 6.5% NaCl (Kvasnikov & Nesterenko, 1975).

Biochemical properties of the LAB were studied in accordance
with a range of fermentation of carbohydrates using Hiss culture media
(Himedia, India). The cultures were inoculated to the half-liquid media
using the method of inoculation loop. For the determination of bioche-
mical properties, an amount of 2% of the following carbohydrates was
added to the Hiss media: arabinose, fructose, galactose, glucose, lactose,
maltose, mannitol, mannose, raffinose, sucrose, sorbitol, trehalose and
xylose.

For accurate identification of LAB of “wild”” microbiota of the tra-
ditional Carpathian cheese, which was studied for the first time, we used
polymerase chain reaction (PCR). The isolation of genome DNA was
made using a Genomic Mini (A&A Biotechnology) set in accordance
with the manual. The DNA samples were analyzed qualitatively and
quantitatively, using a NanoDrop 2000 (Thermo Scientific, USA) spect-
rophotometer. The DNA samples were maintained at the temperature of
20 °C for further use.

The DNA fragments, which included the 16S pPHK gene, were
amplified using the following universal primers:

EGE1 (5-AGAGTTTTGATCCTGGCTCAG-3),
1492R: 5-TACGGYTACCTTGTTACGACTT-3".

Every reaction mixture for PCR contained 2 ul (50 ng) of DNA,
1 pl 10 pm of dNTP mixture, 1 pl 10 um of every primer, 5 ul of
10xPCR-buffer (Fermentas, Lithuania) and 1.25 U Taq DNA-polyme-
rase (Fermentas) with addition of up to 50 pul of sterile Milli-Q water.

The DNA amplification programme consisted of primary denatura-
lization at the temperature of +96 °C for 5 min, 35 cycles (96 °C for
30's,52 °C for 45 s, 72 °C over 1.5 min). The final stage of polymeriza-
tion was carried out at the temperature of 72 °C during 10 min.

Disintegration into fragments was carried out using restrictive en-
donucleases, according to the manual. For the disintegration into restric-
tive fragments, we used the following ferments: Hinfl, Rsal (Roche,
Switzerland), Sau3A (Fermentas) i Hhal (Takara); they were used in
separate reactions. All disintegrations were carried over a period of
2 hours at 37 °C. The fragments were divided in 2 agarose gel.

RAPD-PCR was carried out in a volume of 25 pl, which included
1 ul (~25 ng) of each DNA, 1 ul 10 um of dNTP, 1 ul 10 um of primer
1254 (5-CCGCAGCCAA-3"), 2.5 pl of 10xPCR (Fermentas), 1.5 pl
50mMM of MgCl, and 0.75 U of Taq DNA polymerase (Fermentas).
The PCR programme consisted of 4 cycles (5 min at the temperature of
96 °C, 5 min at 36 °C and 5 min at 72 °C), then 30 cycles (1 min at
96 °C, 1 min at 36 °C, and 2 min at 72 °C). The final 10-minute extensi-
on was conducted at 72 °C. After the amplification 20 ul of PCR pro-
duct was divided in 2 agarose gel.

The 16S r RNA area was amplified using polymerase chain reac-
tion (PCR) as described previously. The amplified fragments were
cleaned using Gel Purification GPB Mini Kit (GenoPlast, Poland) ac-
cording to the manufacturer’s instruction and sequenced in a Genomed
(Poland) commercial service. The determination of sequencing was
made in both directions with the same primers, which were used for
amplifying 16S r DNA. The sequencing of 16S rRNA was compared
with the sequencing of the fragments from the NCBI base
(www.ncbinlm.nih.gov). The search for similarities between the sequ-
enced fragments was conducted using the BLAST algorithms, available
at the www.ncbi.nlm.nih.gov/blast.

The statistical analysis was made using the Statistica 6 (StatSoft
Inc., USA) software. The difference between the data was considered
significant at P <0.05 (ANOVA).

Results
‘We established that the total number of LAB (Table 2), isolated from

the sample of bryndza (A), was 1.5-1.9 times less than for the samples
of budz (B and C). Such difference is explained by the effect on the
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survivability of the LAB caused by the table salt, which composed
5.5% of the bryndza. The samples B and C were unsalted budz cheese.

Table 2
The number of lactate bacteria which
were isolated from samples (CFU/g, x + SE, n=3)

Bryndza (A) Budz (B) Budz (C)

44+0.12- 10° 6.7+0.13 - 10° 85+0.12-10°

Lactate bacilli were grown on a MRS dense growth media, forming
white or grey colonies of 1 to 5 mm diameter, sometimes of lenticular
or starlike shape. The surface of the colonies was mostly smooth and
shiny (S-shape), though in some cases there were rugged colonies (R-
shape). The incubation was made at the temperature of 37 °C. The lactic
acid cocci were observed to have a distinctive growth on a dense media
M,; in the form of rounded and cymbiform colonies. The rounded
colonies with distinct edges were formed on the surface of the growth
media, whereas the cymbiform colonies grew slightly into the agar.
The bacteria were incubated at 25 and 42 °C.

For studying the cheese samples, we selected 106 isolates of lactic
acid bacteria. All isolated cultures were gram-positive and catalase-
negative. The bacterial cultures were identified at the level of genus on
the basis of their cell morphology, fermentation of carbohydrates, the
ability to release CO, when cultivated in the media with glucose, hydro-
lysis of arginine, growth at the temperature of 10, 15 and 45 °C, and
also capability of growth in the presence of 2.0, 4.0, 6,5% NaCl accor-
ding to Wood & Holzapfel (1995). We found that the isolated cultures
belong to four genera (Table 3).

Table 3
Tinctorial, cultural and physical-biochemical features
of lactate cultures isolated from traditional sheep cheese

Indicators Genus
Lactobacillus Lactococcus Leuconostoc Enterococcus
The number
of isolated cultures 31 2 24 25
Morphology bacilli coccl coccl coccl
Staining gram-positive gram-positive gram-positive gram-positive
Catalase activity absent absent absent absent
Release of CO, while
growing in a media with
glucose, mumber of 0 0 24/100 25/100
cultures / %
Arginine hydrolysis,
number of cultures / % 0 26/100 0 25/100
Fermentation of carbohydrates, number of cultures / %
arabinose 24/77 0/0 16/67 12/48
fructose 31/100 26/100 24/100 25/100
galactose 31/100 26/100 24/100 25/100
glucose 31/100 26/100 24/100 25/100
lactose 31/100 26/100 24/100 25/100
maltose 31/100 17/65 24/100 25/100
mannitol 31/100 0/0 0/0 23/92
mannose 31/100 26/100 24/100 25/100
raffinose 31/100 0/0 24/100 6/24
sucrose 31/100 4/15 24/100 25/100
sorbitol 26/84 0/0 0/0 0/0
trehalose 31/100 26/100 24/100 25/100
xylose 8/26 0/0 12/50 0/0

According to a complex of tinctorial, cultural and physical-bioche-
mical features, we found that the cultures which grew at the temperature
of 10 and 15 °C in the presence of 6.5% NaCl, but not at 45 °C, with no
gas release when grown in the media with glucose and capability of
arginine hydrolysis were lactate acid bacilli. Cocci-like bacteria, but
with prolonged body shape, which often occur in pairs or as short
chains, grew at the temperature of 10 °C, but not at 45 °C and had no
capability of arginine hydrolysis; they released CO, while grown in the
media with glucose, which indicates heterofermentative fermentation.
These bacterial cultures were identified as Leuconostoc. All other cocci
hydrolyzed agrinine, not releasing CO, when grown in a medium with
glucose and grew at the temperature of 10 °C and in the presence of 4%
NaCl. Some of them were able to grow at the temperature of 45 °C, and

in the presence of 6.5% NaCl, therefore were classified as Enterococ-
cus, whereas the isolates, which did not grow at the temperature of
45 °C, and in the presence of 6.5% NaCl were classified as lactate cocci.

From the bryndza sample, we isolated 68 cultures, 31 of them
belong to the following genera: Lactobacillus (46%), 5 — Lactococcus
(7%), 24 — Leuconostoc (35%), 8 — Enterococcus (12%). From the
sample of budz prepared in the highlands, we isolated 10 cultures of the
Lactococcus genus, which were 56% of the total and 8 cultures of
Enterococcus genus (44%). The LAB of the budz sample prepared in
pre-mountain area also belong to two genera: Lactococcus (11 cultures,
55%) and Enterococcus (9 cultures, 45%). In the sample of bryndza, we
found representatives of four genera, whereas in two other samples, we
found only two. It should be noted that all samples of cheese had a high
content of Enterococcus bacteria.

According to the results of set of bacteriological methods, the stu-
died LAB cultures were classified as follows: L. lactis ssp. lactis (13 cultu-
res) and L. garvieae (13 cultures); L. plantarum (31 cultures); E. fae-
cium (25 cultures); L. mesenteroides ssp. mesenteroides (24 cultures).

It was found that about 90% and 93% strains of L. plantarum grew
at the temperature of 10 °C and 15 °C, whereas no growth was obser-
ved at 45 °C. Similar growth was observed in L. lactis ssp. lactis — 83%
and 87% at the temperature of 10 and 15 °C respectively; in L. garvieae —
81% and 89% and in L. mesenteroides — 85% and 92%. It should be
noted that the highest activity of growth was observed among E. fae-
cium strains (87% and 90% at the temperature of 10 and 15 °C, and also
90% at 45 °C). The results of the tests are given in Table 4.

Most strains of L. lactis ssp. lactis (over 90%) were active acidifiers
and coagulated milk in 3-9 hours, whereas L. garvieae and E. faecium
were less active, most of them coagulated milk in more than 24 hours
(Table 5).

Table 4
Growth of lactate acid bacteria in relation
to the temperature and concentration of NaCl (number of strains in %)

Growth at the Growth at the con-
Species of lactate bacteria temperature centration of NaCl, %
10°C 15°C 45°C 20 40 65
L. plantarum (n=31) 903 934 00 976 866 588
L. lactis ssp. lactis (n=13) 828 875 00 959 8.7 00
L. garvieae (n=13) 806 84 00 94 846 00
E. faecium (n=25) 875 897 986 1000 985 933
L. mesenteroides (n=24) 851 923 00 973 892 435
Table 5
Milk-coagulating and acidifying activity of strains of lactate bacteria
Milk-coagulating activity Acidifying activity
Speciesof ~ thespeedof number titrated active number
lactate bacteria ~ bunch for-  of strains, ~ acidity, acidity,  of strains,
mation, hours % °T IUpH %
3 55 100-120 48 194
L. plantarum 6 30.0 90-100 50 419
n=31) 9 4209 80-90 53 355
>24 22.6 60-80 55 32
I lactis 3 152 100-120 48 153
sop. lactis 6 255 90-100 50 46.2
n=13) 9 51.8 80-90 53 30.8
>24 7.5 60-80 5.5 7.7
3 0.0 100-120 48 7.6
L. garvieae 6 7.7 90-100 50 23.1
n=13) 9 23.1 80-90 53 385
>24 69.2 60-80 55 30.8
3 0.0 100-120 48 8.0
E. faecium 6 204 90-100 5.0 19.8
n=25) 9 26.5 80-90 53 352
>24 53.1 60-80 55 370
3 0.0 100-120 48 83
L. mesenteroides 6 125 90-100 50 125
(n=24) 9 41.7 80-90 53 250
>24 45.8 60-80 55 542

However, it is important that all isolated cultures manifested a milk-
coagulating property. The bordering acidity of L. lactis ssp. lactis and
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L. plantarum was 120 °T, over 61% of strains of these species caused
the acidity of milk up to 90-120 °T. Only 30%, 28% and 21% of
L. garvieae, E. faecium and L. mesenteroides strains relatively brought
the acidity of milk to the mentioned values. However, the composition of
these cultures is capable of providing milk acidity sufficient for forma-
tion of a bunch during the cheese making.

Figure 1 provides an electrophoretogram of disintegration of ampli-
fied DNA fragments by restrictive enzymes. The analysis of profiles of
fingerprints of the studied cultures’ DNA fragments amplified by the
Hinfl, Rsal, Sau3A and Hhal enzymes showed the presence of five

Hinf Rsal

species: L. plantarum, L. lactis, L. garvieae, L. mesenteroides, E. faeci-
um. Every enzyme proved the presence of these species. The results of
RAPD typing coincide with the results received using bacteriological
methods.

Conducting the polymerase chain reaction using the 1254 primer
allowed isolation of five primary clusters (I-V) with the level of
similarity of 51-85%. The results of RAPD typing found significant
intraspecific heterogeneity of the studied LAB, which indicates the
necessity of further studies in identification of LAB at the level of
strains. The RAPD-PCR results are provided in Figure 2.

Sau3A Hhal

Lactobacillus plantarum

Lactococcus lactis I R TR R R

Lactococcus garvieae I I A O P R N

Leuconostoc mesenteroides!

Enterococcus faecium R FL A BT N N

«1000bp

< 500bp
< 400bp

< 300bp

< 200bp

< 100bp

HENEEN

Fig. 1. Electrophoretogram of disintegration of amplified DNA fragments by Hinf1, Rsal, Sau3A, Hhal restrictive enzymes: the first and the last
tracks are markers of molecular mass of the DNA fragments, every track divides the mixture of DNA; “+” indicates the presence of the species

Discussion

Bryndza and budz cheese, which have been made from sheep milk
in the Carpathians for centuries, have a specific taste and aroma, which
are formed due to fermentative activity of the bacteria involved in the
cheese making. Milk with natural content of LAB is highly rated in the
production of different kinds of cheese made out of either raw or
pasteurized milk. Raw sheep milk is highly polluted bacterially, which
is related to the conditions in which it was obtained. Apart from the
LAB content, it usually contains undesirable bacteria. For safety of
sheep cheese, the milk should be pasteurized; however this causes death
also to the LAB bacteria, which could have valuable technological and
probiotic properties. Rendering the LAB composition which is typical
for original Carpathian cheese in bacterial preparations for industrial
production, is a subject of interest and an important issue.

Out of three samples of Carpathian cheese made in the highlands
and in pre-mountain zone, 106 LAB cultures were isolated. The total
number of LAB was the lowest in bryndza, which included 5.5% of
salt, whereas the two other samples did not contain salt. However, the
sample of bryndza is distinctive for the highest bacterial diversity,
including four genera (Lactobacillus, Lactococcus, Leuconostoc, Ente-
rococcus), which were represented by five species (L. lactis ssp. lactis,
L. garvieae, L. plantarum, E. faecium, L. mesenteroides ssp. mesente-
roides). LAB isolated from the samples of non-salted budz cheese were
represented by only three species (L. lactis ssp. lactis, L. garvieae,
E. faecium) and two genera respectively (Lactococcus and Enterococ-
cus). We did not isolate cultures of other two species (L. plantarum and
L. mesenteroides ssp. mesenteroides). This, in our opinion, is related to
the high salt-resistance. Low salt content and insignificant representa-
tion in fresh cheese allowed the bacteria to survive and successfully
compete with less salt-resistant species during salting, ripening and
maintaining of bryndza in 18% brine, which is part of the production
technology. The impact of salt was also proven by the lower overall of
LAB in bryndza. It should be noted that the two samples of budz have
similar representation: in two samples, we isolated 55-56% cultures of
Lactococcus genus and 44-45% of Enterococcus. This leads us to think

that there are no significant differences in the LAB content of raw sheep
milk between the highland and pre-mountain areas of the Carpathians.
However, the study in this direction should be continued due to reports
on the differences in the content of “wild” microbiota in relation to the
geography of the making of traditional fermented products, though on a
significantly larger scale regarding both the products and location —
China, Mongolia, and Russia (Zhong et al., 2016).

LAB isolated from all samples of cheese belong to mezophilic and
thermophilic cultures, which coincides with the reports by Poznanski
etal. (2004), who studied the bacterial composition of the traditional
national cheese made in the conditions of alpine tundra.

Representatives of the Enterococcus genus made up a significant
part of the total LAB content of all samples of cheese. Currently, the
representatives of Enferococcus genus are used in the content of fer-
mentation starter preparations for many fermented products (Goh &
Philip, 2015), mostly cheese (Neviani et al., 2009; Natarajan et al.,
2015), made in South and North Europe out of either raw or pasteurized
milk. The presence of Enterococcus during the ripening of cheese has a
positive effect on their sensory properties (Gatti, 2014), they improve
the taste and aroma and prolong the time of maintenance (Franz et al.,
2003). The most common species of Enterococcus isolated from the
cheese were the following species: E. faecium, E. faecalis and E. durans
(Belicov et al., 2007; Serio et al., 2007; Veljovic et al., 2007). Some E.
Jfaecium strains manifest probiotic properties (Saarela et al., 2000;
Ammor et al., 2007; Franz et al., 2011; Amaral et al., 2016).

It is worth mentioning that Ukrainian scientists were among the
first to determine that E. faecium strains manifest probiotic properties.
This led to the creation with their participation of Gerolakt, a lactate
gerontological nutrition product (Kovalenko et al., 1994). However, the
E. faecium strains include pathogenic and antibiotic-resistant strains;
therefore the study of priobiotic propetties should be preceded by study
of the safety of separate strains for humans. It should be noted, that there
are clear differences in the safety of certain Enterococcus strains in
relation to the source of isolation, the strains with virulent genes are
isolated from ill people, and not from food products (Moreno et al.,
2006). Currently, the domestic industry does not use bacterial pre-
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parations with representatives of the Enterococcus genus, unlike West-
European countries, where, as mentioned before, they are included in
microbial compositions for cheese production.

According to the results of biochemical fermentation of carbohyd-
rates, all strains of Enterococcus fermented galactose. Decreasing the
level of galactose is one of modemn trends of the dairy industry, for
galactose is undesirable in food products for various reasons. Galactose
is badly metabolized in the human organism, which could have a nega-

tive effect on the well-being of people who suffer lactase deficiency
(Novelli & Reichardt, 2000). Accumulation of galactose in dairy pro-
ducts can cause negative effects: darkening of cheese, release of CO, by
bacteria which are not included in a fermentation starter preparation,
development of purulent or pathogenic microflora (Vaillancourt et al.,
2004). Therefore, selection of LAB for producing dairy products prove
significance of their both technologic and probiotic properties (Goh &
Philip, 2015; Natarajan & Parani, 2015; Zhang et al., 2017).

SB68
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sB29
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sB32
sSB27

SB10OO
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ne— - (Lactococcussp.)
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Fig. 2. Electrophoretogram of the products of DNA amplification using 1254 primer
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Bacteria of heterofermentative L. mesenteroides is typical for ho-
me-made cheese of different countries. Their presence is explained by
their role in the process of cheese ripening due to proteolytic and lipo-
lytic activity and synthesis of aromatic compounds (Cocolin et al., 2004;
Giraffa et al., 2010). The presence of L. garvieae can be considered an
important part of microbial compound of bryndza, which is related to
natural fermentation. The presence of L. garvieae is typical for traditio-
nal dairy products in different countries, especially Italy (Fortina et al.,
2007). L. garvieae is a typical culture for production of home-made
cheese in this country. Differential characteristic, based only on bacte-
riological methods, does not always provide the possibility of accurate
identification of strains, and sometimes of microorganism species.
The ability of some LAB strains to manifest fermentative properties
which differ from the properties described for a given species, is a
common phenomenon, which complicates the definition of their taxo-
nomic position (Kovalenko & Lashhevskij, 2003; Mayo et al., 2014).
The objective of the study was the traditional Carpathian cheeses,
previously unstudied , therefore we used molecular-genetic methods,
which a number of researchers consider necessary (Yu et al, 2011,
2012), to prove our results of the LAB identification.

To summarize, the microflora of cheese A was determined to be
the most diverse in representatives of the LAB species and genera,
involved in its making. It should be noted that out of three samples of
cheese made from milk of different sheep breeds in different regions
with different climatic conditions, we isolated three species of lactate
acid bacteria: L. lactis ssp. lactis, L. garvieae and E. faecium. Therefore,
we consider this microflora compound distinctive for traditional Carpa-
thian bryndza.

Conclusions

We conducted genus and species level identification of LAB isola-
ted from traditional Carpathian cheeses, bryndza and budz, using classic
microbiological and molecular-genetic methods. Using a set of tinctori-
al, cultural and physical-biochemical features, we identified the follo-
wing LAB bacteria: L. lactis, L. garvieae, L. plantarum, E. faecium,
L. mesenteroides. This was proven by the results of molecular-genetic
studies. Using polymerase chain reaction with 1254 primer, we determi-
ned significant intraspecific diversity of LAB strains isolated from the
samples of cheese. This indicates the necessity of identification of
strains and studying their properties.

The sample of bryndza from the Carpathian highlands had the lar-
gest species representation. These species can be considered as promi-
sing for developing a bacterial preparation for making brined cheese in
industrial conditions, for they manifest high resistance to 4% concentra-
tion of NaCl and are quite active acidifiers — titrated acidity of milk after
their inoculation is 60 to 120°T.

The study was funded by a grant of the President of Ukraine (“Molecular-
genetic identification of lactate acid microflora of national dairy products and
biotechnology of developing bacterial preparations”) according to the project
F 70/122-2017 State Fund of Fundamental Research of Ukraine.

References

Amaral, D. M. F_, Silva, L. F., Casarotti, S. N., Nascimento, L. C. S., & An, L. B.
(2016). Penna Enterococcus faecium and Enterococcus durans isolated from
cheese: Survival in the presence of medications under simulated gastrointesti-
nal conditions and adhesion properties. Journal of Dairy Science, 100, 933-949.

Ammor, M., Florez, A., & Mayo, B. (2007). Antibiotic resistance in non-entero-
coccal lactic acid bacteria and bifidobacteria. Food Microbiology, 24(6),
559-570.

Ao, X., Zhang, X., Shi, L., Zhao, K., & Yu, J. (2012). Identification of lactic acid
bacteria in traditional fermented yak milk and evaluation of their application
in fermented milk products. Journal of Dairy Science, 95, 1073—1084.

Bao, Q., Liu, W., Yu, J., Wang, W., Qing, M., Chen, X., Wang, F., Zhang, J.,
Zhang, W., Qiao, J., Sun, T., & Zhang, H. (2012). Isolation and identification
of cultivable lactic acid bacteria in traditional yak milk products of Gansu
Province in China. Journal of General and Applied Microbiology, 58, 95-105.

Belicov, A., Krzkov, L., Krajcovic, J., Jurkovic, D., Sojka, M., Ebringer, L., & Du-
insk, R. (2007). Antimicrobial susceptibility of Enterococcus species isolated
from Slovak Bryndza cheese. Folia Microbiologica (Praha), 52(2), 115-119.

Chaharovskyy, V. P., & Zholkevskaya, Y. H. (2003). Byotekhnolohyya poluche-
nyya byoyohurtov y byokefyra, yzuchenye ykh vlyyanyya na zdorov'e che-
loveka [Biotechnology for producing bio-yogurt and biochephor, studying
their effect on human health]. Mikrobiolohichnyy Zhurnal, 65(6), 67-73.

Cocolin, L., Rantsiou, K., lacumin, L., Urso, R., Cantoni, C., & Cori, G. (2004).
Study of ecology of fiesh sausages end characterization of populations of
lactic acid bacteria by molecular methods. Applied and Environmental Mic-
robiology, 70(3), 1883-1894.

Culumber, M., McMahon, D. J., Ortakci, F., Montierth, L., Villalba, B., Broad-
bent, J. R., & Oberg, C. J. (2017). Geographical distribution and strain diver-
sity of Lactobacillus wasatchensis isolated from cheese with unwanted gas
formation. Journal of Dairy Science, 100, 8764-8767.

Diduh, N. A., Chagarovskyj, O. P., & Lysogor, T. A. (2008). Zakvashuval'ni
kompozycii' dlja vyrobnyctva molochnyh produktiv funkcional'nogo pryzna-
chennja [Starter compositions for the production of dairy products of functio-
nal purpose]. Poligraf, Odesa (in Ukrainian).

Fortina, M. G., Ricci, G., Foschino, R., Picozzi, C., Dolci, P., Zeppa, G., Cocolin,
L., & Manachini, P. L. (2007). Phenotypic typing, technological properties
and safetynaspects of Lactococcus garvieae strains from dairy environments.
Journal of Applied Microbiology, 103, 445-453.

Franz, C. M., Stiles, M. E., Schleifer, K. H., & Holzapfel, W. H. (2003). Entero-
cocci in foods — a conundrum for food safety. International Journal of Food
Microbiology, 88, 105-122.

Franz, C. M., Huch, M., Abriouel, H., Holzapfel, W., & Galvez, A. (2011). Ente-
rococci as probiotics and their implications in food safety. International
Journal of Food Microbiology, 151, 125-140.

Giraffa, G., Chanishvili, N., & Widyastuti, Y. (2010). Importance of lactobacilli in
food and feed biotechnology. Journal Research in Microbiology, 161(6),
480-487.

Goh, H. F., & Philip, K. (2015). Isolation and mode of action of bacteriocin BacC1
producedby nonpathogenic Enterococcus faecium Cl. Journal of Dairy
Science, 98(8), 5080-5090.

Kigel, N. F. (2003). Tehnologii' bakterial'nyh preparativ dlja fnkcional'nyh produk-
tiv 1 biologichno aktyvnyh dobavok [Technologies of bacterial preparations
for functional products and biologically active additives]. Kyi'v (in Ukrainian).

Kimoto-Nira, H., Aoki, R., Mizumachi, K., Sasaki, K., Naito, H., Sawada, T., &
Suzuki, C. (2012) Interaction between Lactococcus lactis and Lactococcus
rafinolactis during growth in milk: Development of a new starter culture.
Journal of Dairy Science, 95, 2176-2185.

Kovalenko, N. K., Kasumova, S. A., & Golovach, T. N. (1994). Gerolakt — fer-
mentirovannyj molochnyj produkt dlja prodlenija aktivnogo dolgoletija [Ge-
rolakt — fermented dairy product for the prolongation of active longevity].
Medicinskie Aspekty Mikrobnoj Jekologii, 7/8, 197202 (in Russian).

Kovalenko, N. K., & Lashhevskij, V. V. (2003). Primenenie metoda polimeraznoj
cepnoj reakcii (PCR) dlja identifikacii molochnokisltyh bakterij [The use of
polymerase chain reaction (PCR) for the identification of lactic acid bacteria].
Molochna Promislovist,, 1(4), 24-25.

Kvasnikov, E. I, & Nesterenko, O. A. (1975). Molochnokislye bakterii i puti ih
ispol'zovanija [Lactic acid bacteria and ways of their use]. Nauka, Moscow
(in Russian).

Liu, W., Bao, Q., Jirimutu, Qing, M., Siriguleng, Chen, X., Sun, T., Li, M., Zhang,
J., Yu, ], Bilige, M., Sun, T., & Zhang, H. (2012). Isolation and identification
of lactic acid bacteria from Tarag in Eastern Inner Mongolia of China by 16S
RNA sequences and DGGE analysis. Journal of Microbiology Research,
167,110-115.

Lu, W., Kong, W., Yang, P., & Kong, J. (2015). A one-step PCR-based method for
specific identification of 10 common lactic acid bacteria and Bifidobacterium
in fermented milk. International Dairy Journal, 41, 7-12.

Mayo, B., Rachid, C. T., Alegria, A., Leite, A. M., Peixoto, R. S., & Delgado, S.
(2014). Impact of next generation sequencing techniques in food microbiology.
Current Genomics, 15,293-309.

Moreno, F., Sarantinopoulos, M. R., Tsakalidou, P. E., & DeVuyst, L. (2006). The
role and application of enterococci in food and health. Interational Journal of
Food Microbiology, 106, 1-24.

Natarajan, P., & Parani, M. (2015). First complete genome sequence of a probiotic
Enterococcus faecium strain T-110 and its comparative genome analysis
with pathogenic and non-pathogenic Enferococcus faecium genomes.
Journal of Genetics and Genomics, 42, 43-46.

Naumenko, O. V. (2005). Rozrobka tekhnolohii bakterialnykh preparativ iz zalu-
chenniam Lactobacillus casei ssp. dlia vyrobnytstva funktsionalnykh molo-
chnykh napoiv [Development of bacterial drug technology involving Lacto-
bacillus casei ssp. for the production of functional milk drinks]. Kyiv
(in Ukrainian).

Regul. Mech. Biosyst., 9(1) 67



Neviani, E., Dea Lindner, J. D., Bemini, V., & Gatti, M. (2009). Recovery and dif-
ferentiation of long ripened cheese microflora through a new cheese-based
cultural medium. Food Microbiology, 26, 240-245.

Novelli, G., & Reichardt, V. (2000). Molecular basis of disorders of human gala-
ctose metabolism: Past, present, and future. Molecular Genetics and Metabo-
lism, 71(2), 62-65.

Oberg, C. J., Oberg, T. S., Culumber, M. C., Ortakci, F., Broadbent, J. R., &
McMahon, D. J. (2016). Lactobacillus wasatchensis sp. nov., a non-starter
lactic acid bacteria isolated from aged Cheddar cheese. International Journal
of Systematic and Evolutionary Microbiology, 66, 158-164.

Ortakei, F., Broadbent, J. R., Oberg, C. J., & McMahon, D. J. (2015). Growth and
gas formation by Lactobacillus wasatchensis, a novel obligatory heterofer-
mentative nonstarter lactic acid bacterium, in Cheddar-style cheese made
using a Streptococcus thermophilus starter. Journal of Dairy Science, 98,
TAT3-7482.

Podgorskyj, B. C., & Kovalenko, N. K. (2002). Produkty funkcyonal'nogo pyta-
nyja na osnove molochnokyslyh bakteryj [Functional food products based on
lactic acid bacteria]. I Mezhdunarodnyj Kongress “Byotehnologyja — Sosto-
janye y Perspektyvy Razvytyja”. Moscow (in Russian).

Poznanski, E., Cavazxa, A., Cappa, P., & Cocconcelli, P. S. (2004). Indigenous
raw milk microbiota influences the bacterial development in traditional chee-
se from an alpine natural park. Intemational Journal of Food Microbiology,
92(2), 141-151.

Rehaiem, A., Belgacem, Z. B., Edalatian, M. R., Martinez, B., Rodriguez, A., Ma-
nai, M., & Guerra, N. P. (2014). Assessment of potential probiotic properties
and multiple bacteriocin encoding-genes of the technological performing
strain Enterococcus faecium MMRA. Food Control, 37, 343-350.

Saarela, M., Mogensen, G., Fonden, R., Matto, J., & Mattila-Sandholm, T. (2000).
Probiotic bacteria: Safety, functional and technological properties. Journal of
Biotechnology, 84(3), 197-215.

Serio, A., Paparella, A., Chaves-Lopez, C., Corsetti, A., & Suzzi, G. (2007). Ente-
rococcus populations in Pecorino Abruzzese cheese: Biodiversity and safety
aspects. Journal of Food Protection, 70(7), 1561-1568.

Vasyljuk, O. M., Kovalenko, N. K., Garmasheva, 1. L., & Oleshhenko, L. T. (2014).
Vydilennja ta identyfikacija bakterij rodu Lactobacillus z fermentovanyh
produktiv riznyh regioniv Ukrai'ny [Isolation and identification of bacteria of
the genus Lactobacillus from fermented products of different regions of
Ukraine]. Mikrobiologichnyj Zhurnal, 76(2), 2-9 (in Ukrainian).

Vaillancourt, K., LeMay, J. D., Lamoureux, M., Frenette, M., Moineau, S., & Va-
deboncoeur, C. (2004). Characterization of a galactokinase-positivc recombi-
nant strain of Streptococcus thermophilus. Applied and Environmental Mic-
robiology, 70(4), 4596-4603.

Veljovic, K., Terzic-Vidojevic, A., Vukasinovic, M., Strahinic, 1., Begovic, J., Lozo,
J., Ostojic, M., & Topisirovic, L. (2007). Preliminary characterization of
lactic acid bacteria isolated from Zlatar cheese. Journal of Applied Micro-
biology, 6,2142-2152.

Yu, J., Gao, W., Qing, M., Sun, Z., Wang, W., Liu, W., Pan, L., Sun, T., Wang,
H., Bai, N., & Zhang, H. (2012). Identification and characterization of lactic
acid bacteria isolated from traditional pickles in Sichuan, China. Journal of
General and Applied Microbiology, 58, 163—172.

Yu, J., Wang, W. H., Menghe, B. L., Jiri, M. T., Wang, H. M., Liu, W. J., Bao,
Q.H, Lu, Q. Zhang, J. C, Wang, F., Xu, H. Y., Sun, T. S., & Zhang, H. P.
(2011). Diversity of lactic acid bacteria associated with traditional fermented
dairy products in Mongolia. Journal of Dairy Science, 94(7), 3229-3241.

Zhang, F., Qiu, L., Xu, X., Liu, Z., Zhan, H., Tao, X., Shah, N. P., & Wei, H.
(2017). Beneficial effects of probiotic cholesterol-lowering strain of Entero-
coccus faecium WEFA23 from infants on diet-induced metabolic syndrome
in rat. Journal of Dairy Science, 100,2018-1028.

Zhang, F., Jiang, M., Wan, C., Chen, X., Chen, X., Tao, X., Shah, N. P., & Wei,
H. (2016). Screening probiotic strains for safety: Evaluation of virulence and
antimicrobial susceptibility of enterococci from healthy Chinese infants.
Journal of Dairy Science, 99, 4282-4290.

Zhong, Z., Hou, Q., Kwok, L., Yu, Z., Zheng, Y., Sun, Z., Menghe, B., & Zhang,
H. (2016). Bacterial microbiota compositions of naturally fermented milk are
shaped by both geographic origin and sample type. Journal of Dairy Science,
99, 7832-7841.

68 Regul. Mech. Biosyst., 9(1)



Regulatory Mechanisms
mglslos%rstems

Strains of soil microorganisms promising for the creation
of a complex plant protection product against mycoses and harmful insects

O. A. Drehval, A. A. Dreus, N. V. Cherevach, T. V. Sklyar
Oles Honchar Dnipro National University, Dnipro, Ukraine

Article info Drehval, O. A., Dreus, A. A., Cherevach, N. V., & Sklyar, T. V. (2018). Strains of soil microorganisms promising for the

Received 17.01.2018 creation of a complex plant protection product against mycoses and harmful insects. Regulatory Mechanisms in

Received in revised form Biosystems, 9(1), 69-74. doi: 10.15421/021809

Accepted Z %égﬁ‘; We evaluated the antagonistic activity of 23 strains of Bacillus spp. against phytopathogenic fungi Fusarium oxysporum,
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IIITamMu IPYHTOBUX MIKPOOPIraHi3MiB, IEPCHEKTHUBHI /151 CTBOPECHHS
KOMILIEKCHOT0 Mpenapary 3aXucTy POCJIMH Bil MIKO3iB Ta IIKIJIMBUX KOMAaX

O. A. [persanb, A. A. lpeyc, H. B. Uepeau, T. B. Cxisip
ninposcoxuii nayionanenuii ynisepcumem imeni Oneca I onuapa, /[ninpo, Ykpaina

OLiHEHO aHTarOHICTHYHY aKTUBHICTh 23 1utamiB Bacillus spp. BiTHOCHO (iTonaTtoreHHUX rpubiB Fusarium oxysporum, F. culmorum, F. monili-
forme, Cladosporium herbarum, Alternaria alternata ta Aspergillus niger. AHTaroHICTHYHY aKTHBHICTb MEPEBIpsUTA MeTooM au(ysii B arap 3a
JiaMeTpoM 30H 3aTPHMAHHS POCTY HABKOJIO ONOKIB. {11 BU3HAYCHHS BIUIUBY OaKTepili HA POCIIMHH SPOTo SUMEHIO HACIHHA 00pOOIIUIN KyIIbTYPaIbHOIO
pinvHOIO (po3BezenHst 1 : 10) ynmpomoBx IBOX TOJMH i MPOpPOLyBay B Haiikax [lerpi Ha 3BonoxeHoMy (GinbTpyBajabHOMY narnepi. DyHricraTinuHy 1ito
Bacillus spp. okpeMo Ta B KOMIUIEKCI 3 eHTOMOIATOI€HaMH (B OJJHAKOBOMY CITIBBITHOILICHHI) BH3HAYaIH 32 PIBHEM MPUTHIYCHHS TPHOIB Fusarium spp.
Ha I[UTEHOMY >KHBIUIBHOMY CEPEIOBHILI, JI0 CKJIALy SIKOTO BXOMIUIO 5% Ky/IbTypaIbHOI piAUHU. [HCeKTUIIHY aKTHBHICTh MIKPOOPIaHi3MiB BU3HAYAIIH
B MOJICJIbHHX EKCIIEPUMEHTAX 32 BiZICOTKOM 3arubesi ryceHuib Archips podana Scop. Binidpano wrramu Bacillus sp. KMB-3 ta Bacillus sp. KMB-6, 1o
TIPUTHIYYBAIM PICT YCIX JOCIIPKYBaHHX TECT-KYJBTYp. YCTaHOBJICHO BiJICYTHICTh @HTArOHI3MY MDK BiIOpaHHMHM IITAMAMH Ta €HTOMOIIATOreHHHMHU
Oakrepisimu Bacillus thuringiensis IMB-7186 1 rpubamu Beauveria bassiana IMB-F-100043. IlokazaHo, mo oOpoOKka HaciHHS SIpOro sMEHIO
KynbTypatbHuMU pimpHamu Bacillus sp. KMB-3 Ta Bacillus sp. KMB-6 HeraTuBHO He BIUIMBaJa Ha MOP(GOMETPHYHI IIOKA3HUKH Ta CyXy Bary
nipopocTkiB. Haitbinbimii Bincotok iHriOyBannst pocty F. culmorum IMB-F-50716 3a6e3neunB xomruexc Bacillus sp. KMB-3, B. bassiana IMB-F-
100043. 1 B. thuringiensis IMB-7186, nis sikoro Oyina Ha piBHi J1if MOHOKYBTYpH Bacillus sp. KMB-3 (85,4% Tta 84,7% BinnosinHo). Haitbinbiue npurHi-
yeHHs pocty F. oxysporum 54201 3abe3neunB xomruieke Bacillus sp. KMB-3 i B. bassiana IMB-F-100043, nist sikoro He3Ha4yHO IocTymaiacs Jii
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MOHOKYIIBTYp (68,4% Ta 75,1% BimoBisHO). Y MOZEIBHUX JOCTIAX HCEKTHIMIHA aKTUBHICTD KOMIUIEKCIB Bacillus sp. KMB-3, B. bassiana IMB-F-
100043, B. thuringiensis IMB-7186 a6o Bacillus sp. KMB-6, B. bassiana IMB-F-100043, B. thuringiensis IMB-7186 BinHOCHO TyceHuUIs Archips podana
Scop. He3Ha4HO Bimpi3HsUIacs Bin il eHtoMomnatoreHiB B. bassiana IMB-F-100043 i B. thuringiensis IMB-7186 (71,1% Ta 73,3% 3arubeni npotu
80,0%). I1iniOpani MikpoOHI KOMILIEKCH MOXXYTb OyTH BUKOPHCTaHi U151 po3po0IIeHHs Oionperapary 3aX|CTy POCIHH Bifi IPHOKOBHX XBOPOO 1 LIKIIHHKIB.

Knrouosi cnosa: antudynranena fist; Bacillus spp.; 610KOHTpOIIb; XBOPOOU POCIHH; (PITOTOKCHYHICTB; IHCEKTHIIM/IHA aKTHBHICTD

Beryn

XiMiuHI TIECTUIMM MIPOKO 3aCTOCOBYIOTH JISI 3aXUCTY CLIBCH-
KOTOCTIOZIAPCHKIX POCIMH Bifl 30y THHKIB 3aXBOPIOBAHb 1 KOMAX-IIIKiJI-
HUKIB. [le O/iH 13 HAMBKIHMBIIIKX EIEMEHTIB IHTCHCHBHIX CLTHCHKO-
TOCTIOAAPCHKUX TEXHOJOTIH, CIPSIMOBAHMX HAa OTPUMAHHS BHCOKHX 1
crabinbHux BpoykaiB pocrue (Tutynska & Ponomarenko, 2010). [Tpote
XiMiYHI TIpernapaTy eKOJIOTIYHO HeOe3MeyHi, OCKUTBKH TIOBUTBHO PO3-
KIIQJIAI0THCS, IPOIYKTH X po3May HOTPAILIIOTh Y IPYHT i HEraTHBHO
BIUIMBAIOTH Ha Oioty (Meena & Kanwar, 2015). ¥V pesynsrari iHTeH-
CHBHOTO 3aCTOCYBAHHSI ECTHIIUIIB 3HIDKY€ETHCS YACEIBHICTD 1 KUTTE-
3[ATHICTH IPYHTOBUX CarpodiTHUX MIKPOOPraHi3MiB, 1 HaBIIaKH, MiJl-
BHIIYETHCS. BMICT LIKIUIMBHAX OpraHi3MiB, IO BHKJIMKAE IOCTYIIOBE
3HWKEHHSI PO/IFOUOCTI IPYHTIB Ta 3MEHILICHHS BUPOOHHIITBA CLTHCHKO-
rocroaapchkol npoykiiil. HeoOXiaHiCTh OTpUMAHHS €KOJOTIHHO YnC-
TOT MPOYKILI BUMArae po3LIMPEHHS JIOCIIDKEHb, TIOB SI3aHKX 13 po3-
POOTICHHSM CHCTEM Oi0JIOrYHOTO 3aXHCTY, IO HE HOPYIIYIOTh €KOJIo-
TiYHOi PIBHOBAark IPyHTY, CIPHSIOTH HOMIIIIICHHIO HOro (iTocaHiTap-
Horo crany (Iutynska & Ponomarenko, 2010; Hollensteiner et al., 2017).

Cepen aHTaroHicTiB (hiToNaToreHHUX MIKPOOpraHi3MiB T BiMi-
TUTH TPEJICTaBHUKIB pony Bacillus, sIki NPORYKYIOTh Pi3HI aHTHMIK-
POOHI PEUOBHHY, TaKi SIK LUKJTIYHI JTMOENTHIH, 8 TAKOXK JITH4HI (ep-
MEHTH Ta XiThHa3u (Alvarez et. al., 2012; Ji et al., 2013; Meena & Kan-
war, 2015; Yamamoto et al., 2015; Bodhankar et al., 2017; Dimki¢
etal,, 2017; Molinatto et al., 2017; Rishad et al., 2017). Jlinonenrruy,
SIKI IpOIyKytoThest B. subtilis, B. amyloliquefaciens, B. pumilus (Mixo-
cyoruniH, derriiman A i B, iTypun), NposBISIIOTE aHTU(YHTATEHY
JIiF0, TOMI SIK Cyp(hakTHH Ma€ NIMPOKHI CTIEKTP aHTHOAKTEPIaTbHOT il
(Ji et al,, 2013; Khong et al., 2013; Meena & Kanwar, 2015). Kpim
TOTO, ILIMPOKO PO3MOBCIODKEHI Y IpyHTI Oaktepii B. amyloliquefaciens
CHHTE3YIOTh aMUIONI3HH, SIKHil HE HAJIOKUTH 10 JIIONEHTHIIB 1 TpH-
THIYY€ piCT MepeBaXHO IpaMIto3uTHBHIX Oaktepiii (Chen et al., 2016).

TlepeBaru MKIIYAKX JMOMENTHAIB TOPIBHAHO 3 XIMIYHUMH 3aC0-
0aMH 3aXKCTy POCITHH — HU3bKA TOKCHYHICT, BUCOKHH CTYITHB Oiofer-
panarii Ta Ge3nedHiICTh Ul HABKOJMIIHEOrO cepeoBria (Meena &
Kanwar, 2015; Chen et al., 2016). Cepe iHIIHX TPEICTABHUKIB POITY
Bacillus cin BiAMITUTA IIAPOKO BITOMUIT EHTOMOIATOTCHHUI MIKPO-
opraui3Mm B. thuringiensis, IesKi IITAMHU SIKOTO 3TiHICHIOBATIA aHTArOHIC-
TUYHMI BIUMB Ha (itonarorenHi rpubn poxy Verticillum. ABropu
TPUITYCKAIOTh, I110 3HAYHUI BHECOK B aHTU(YHTaIbHY [Iif0, KPiM BTO-
PMHHUX META0OJITIB, BHOCATh MIKOJITHYHI XITWHA3H, SIKi TPOAYKY-
roTeest i ramamu (Hollensteiner et al., 2017). I3 pusocdepu kyky-
pyI3M HeIofaBHO BupiieHo mrram Lysinibacillus sphaericus, svii
KpiM JTapBIilIIHIX METAa0OIMITIB TPOIyKyBaB 2-TIeHTII-4-XiHOJHKap-
OOHOBY KHCIIOTY, IO TPOSIBIISE AHTH(YHTATHHY IO PI3HOTO CTYTICHS
nipoTH (pitonatoreHHux rpubiB Alternaria alternata, Curvularia lunata,
Aspergillus sp., Sclerotinia sp., Bipolaris spicifera, Trichophyton sp. (Nau-
reen et al., 2017). IpyHTOBI 1rTaMu GaL1 BXOIATH JI0 CKIIaty pusoche-
¥ Ta He TiTbKH 3aXHUIIAI0TH KOPEHEBY CUCTEMY Bil 30YIHIKIB XBOPOO,
a 1 POIYKYIOTH 0i0JIOTIYHO-aKTHBHI PEYOBHHH, 110 CTUMYITFOIOTE PiCT
I PO3BUTOK POCIIMH, TaKi SIK IHZOJUIOLTOBA KHCJIOTA, CHpPHSIOTH
comoOii3anii Gocdaris i CHITKATIB, a TAKOXK HYKYIOTh IiIBUIICHHS
pesucTeHTHOCTI pociH 10 30ymuukiB Miko3iB (Khong et al., 2013;
Yamamoto et al., 2015; Hollensteiner et al., 2017; Naureen et al., 2017).
Ha ix ocHOBI po3po0ssiFOTECst OI0NOTIYHI MpenapaTy Iisl 3aXKUCTy Ta
TIOJTIMIIICHHS] JKUBJICHHS CUTHCHKOTOCTIONIAPCHKUX POCIUH. Binbliicth
Po3po0IIeHNX MIKpOOHHX TIpenapaTiB A 3aXICTY POCIHH Bill XBOPOO
1 IIKITHUKIB CTBOPEHO Ha OCHOBI MOHOKYJIBTYp MIKpoopraHizmiB. Oc-
TaHHIM YacoM 3yCHJUII HAyKOBIIIB CIIPSIMOBaHI Ha CTBOPEHHSI MIKpoO-
HUX TIpenapariB KOMIUICKCHOI JIii Ha OCHOBI acoLjarii MikpoopraHi3-
MiB (Srivastava et al., 2010; Egamberdieva et al., 2016, 2017).

ABTOpHU CTaTTI PO3POOIITH KOMIUICKCHUM 1HCEKTO-aKaPHIMIHII
MikpoOHuii nperapar bakrodyHriH-LS Ha OCHOBI €HTOMOITATOTEHHHX

MikpooprauismiB B. thuringiensis IMB-7186 ta Beauveria bassiana
IMB-F-100043, sikuit 1oka3aB BHCOKY aKTHBHICTH MPOTH IHPOKOTO
crextpa komax-mkimaukiB (Drehval et al, 2015). BpaxoByroun
MOTPEOH CLUTHCHKOrOCIONAPCHKOr0 BUPOOHMIITBA IIIOMI0 30EPESIKECHHS
BPOXAF0, JOLWIBHO PO3LIMPHUTH Chepy 3aCTOCYBAHHS 1IHOTO Iperiapary
He TUTBKH OPOTH LIKITHHKIB, a 1 IPOTH 30y IHUKIB TPHOHIX XBOPOO.

Mera i€i crarTi — BuaiteHHs 6akrepiii poxy Bacillus — aHtaroHic-
TiB (hiTomaToreHHx rpudiB, MepeBipka BiICYTHOCTI (HITOTOKCHIHOCTI
BUIUICHUX KYJIBTYP, BH3HAYCHHS B3A€MOBITHOCHH OaKTepiii-aHTaro-
HICTIB 3 CHTOMOIIATOTCHHUMH MIKPOOPraHi3MaMH, IO BXOJSTH IO
cK1ay OakTO(QYHTiHY, HOCTIDKEHHs (DyHriCTaTHYHOL /il KOMILIEKCIB
QHTATOHICTIB (DITONIATOTEHIB T4 EHTOMOIIATOTEHIB BiJHOCHO TPHOIB
pory Fusarium, a TAKOXK THCEKTHIIMIHOI aKTUBHOCTI BITHOCHO TycCe-
HuLb Archips podana Scop.

Marepian i MeToau J0¢TiKeHb

AHTaroHiCTHYHY aKTHBHICTb IITaMiB IPYHTOBUX OaKTepiif BiHOC-
HO (biTONaToreHHHUX rpuodiB MepeBipsum MerozoM wdysii B arap 3a
JaMETPOM 30H 3aTPUMAHHSI POCTY HABKOJIO OJIOKIB. SIK TECT-KyJIBTypH
BHKOPHCTAHO IITaMK (iTONATOreHHUX IPHOIB i3 KoJeKwii Bty i-
3ionorii Ta cucremaruku Mikpowmitetie IMB HAH Vkpainu Fusarium
oxysporum IMB-F-54201, F. culmorum IMB-F-50716, Cladosporium
herbarum IMB-F-16878, a Takox mTaMu 3 KOJNEKII KyIbTyp MIKpo-
oprani3MiB Kaeapu Mikpobiosorii, Bipycororii Ta 6iorexsomnorii JJHY
imeni Onecst ['oHuapa, BHIUIeHi 31 3pasKiB IPYHTY, ypakeHOTO HaCIHHS
Ta wioniB: F. oxysporum KMB-F-12, F. moniliforme KMB-F-23,
Alternaria alternata KMB-F-16, Aspergillus niger KMB-F-25. ®ito-
TMaTOreHHI IPHOY BUPOLIYBAJIN Ha KapTOIULTHOMY arapi 3 1% IIroKo3u.
BsaeMoBinHOCHHH GaKTepiii-aHTAarOHICTIB 3 eHTOMOITATOTEHHUMH MiK-
pOOpraHi3MamMy BU3HAYAITH BUILE3raJlaHUM METOI0M Auby3ii B arap.

J171s1 iepeBipKu BiCYTHOCTI (DITOTOKCHYHOI il IITaMiB HA POCIH-
HH SIPOTO STIMEHIO copTy Kpucranist GakTepii BUPOILYBaId y M’sICO-
nentorHoMy  Oyibiioni  (MIIB) mHa MikpoOionoriyniii  Kavanmi
(200 06./xB) 3a 29 °C Tpu nodu. Hacinms sramenro (100 HaciHuH) 06-
POOISUTA KyJIBTYpaIbHOK PiMHOK y po3BeseHHi 1 @ 10 ympomorx
JIBOX TOZIMH 1 IPOPOIIyBTH B Yamukax [lerpi Ha 3BoJIOKeHOMY (hiTb-
TpyBaIbHOMY Hariepi. Ha yerepty o0y ociiiny BU3HaYaIH BiICOTOK
MPOPOCIIOro HACIHHS, IOBKHHY Ta CyXy Macy KOPEHIB 1 Hai3eMHOI yac-
THHU POCIHH. SIK KOHTPOJIb BUKOPUCTOBYBAIM HACIHHS, 0OpoOneHe
CTEPIUILHOFO BOZIOTIPOBITHOIO BOZIOKO.

J111 Bu3Ha4eHHS (PyHTICTATHYHOI [1ii aHTArOHICTIB Ta EHTOMOIIATO-
TeHIB OKpPEMO KOJKHOTO Ta B KOMIUICKCI (Y PIBHHX CITiBBIHOIICHHSIX)
KyJIBTYpaIbHI PIIUHA MIKPOOPTaHi3MIB BHOCIUIM Y PO3IUIABIICHE JKH-
BIUTBHE cepenouiie Yareka (5% Bix 00’emy) B variku [letpi, Ha mo-
BEPXHIO SIKOT'O TICJIs 3aCTUTAHHS PO3MilITyBaiti 6710k 10-1000B0T KyJITb-
Typu TpubiB F. oxysporum IMB-F-54201 abo F. culmorum IMB-F-
50716. Buznauanu BiICOTOK iHIiOyBaHHs pocTy PpHOIB Ha LIOCTY 100y
TIOPIiBHSHO 3 KOHTPOJIEM (CEpEIOBHUILIEM O€3 KyIBTYPATIGHOI PIIHHH).

[HCeKTMIMTHY AKTHBHICTH KyJIBTYpaIbHUX PITHMH MIiKpOOPTaHi3-
MiB (po3BezieHHs 1 : 10) BI3HAYAM Y MOJENTBHUX JIOCII/IAX 32 BiICOT-
KoM 3arubent rycenvs Archips podana Scop. Korrponem ciyryBam
KOMaxH, KOPM SIKUX 0OpOOIISLTH BOJIOIPOBITHOO BOJIOK. CTATHCTHYHY
00poOKy JaHUX 3AIHCHIOBAIM 3a JIOTIOMOTOI KOMIT TOTEpHOI TIporpa-
mu Statistica 6 (StatSoft Inc., USA). JoctoBipHicTb BinMiHHOCTEH pe-
3yJIBTATIB BU3HAYAH i3 3acTocyBaHHsM ANOVA.

Pesyabratn

3i 3pasKiB IPYHTY YOPHO3EMY 3BHYAHHOTO BUIICHO 23 i30JITH
TPaMITO3UTUBHUX acpOOHHX 1 (haKyJIbTaTHBHO-aHACPOHHX CIIOPOTBIP-
HUX OaKTepii, sKi MOMepeTHBO BifIHECEHO /10 pomy Bacillus, Ta nocmiz-
JKEHO Ha aHTArOHICTHYHY aKTHBHICT BIHOCHO ILITaMiB (iTOMaToreH-
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HHX IpuOiB — 30y HuKIB (y3apiosy (F. oxysporum KMB-F-12, F. oxy-
sporum IMB-F-54201, F. culmorum IMB-F-50716, F. moniliforme
KMB-F-23), ansreprapiosy (4. alternata KMB-F-16), qopHoi ugii
(A. niger KMB-F-25), xnanocriopiody (C. herbarum IMB-F-16878).
13 23 i30msTiB 14 mposiBrM (yHTICTaTHUHY [if0 (Ta0u. 1).
HaiimepcrieKTiBHIIIMY 3a CIIEKTpoM [l BusBrUMc mramMu KMB-3
Ta KMB-6, siki NpHrHIYyBaM PIiCT YCIX MEPEeBIPEHNX TeCT-KYIBTYp, Ta-
KO 13 JITII0 MEHIIINM CTIEKTPOM BHCOKY aHTArOHICTIYHY O POSIBIIIH
mrramy KMB-5 Ta KMB-8. Cepen nepeBipeHIX TecT-Ky/IbTyp HaidyT-
JIABIIIAMH JI0 [Tl BUIUICHHX IITamiB Oaktepiid BusBImMCS A. alternata
KMB-F-16, 4. niger KMB-F-25 ta C. herbarum IMB-F-16878, Haiicriii-
itmmu — F. oxysporum KMB-F-12 1 F. oxysporum IMB-F-54201 (puc. 1).

Taomms 1

OCKUITBKH OCHOBHA METa JIOCTIPKCHHS — MOIITYK MIKPOOiB-aHTaro-
HICTIB JIs1 CTBOPCHHSI KOMITICKCHOTO Oiompenapary Juisi 3aX|CTy poc-
JIMH BiJ] LIKITHUKIB 1 XBOpOO, 31ifiCHEHO MepeBIpKY B3aEMOBIIHOIICH-
Hsl BiMIOpaHHX BHUIE3rafiaHUX IITaMIB AHTArOHICTIB T4 SHTOMOIATO-
TeHHHX Oakrepiit B. thuringiensis IMB-7186 Ta rpubiB B. bassiana IMB-
F-100043 — xommoneHTiB Gionperapary bakrodysrin-LS (puc. 2).

VYei ngocnipkeHi mITaMu He TPUTHIYYBATH PICT B. thuringiensis
IMB-7186, Tpu mrramu (KMB-3, KMB-5, KMB-6) Takox He npurHi-
yyBam pict B. bassiana IMB-F-100043, mrram KMB-8 nokazas He-
3HauHe IHTIOyBaHHS pocTy B. bassiana. BpaxoByr0YM aKTHBHICTH i
CIIeKTp Aii BUIUICHHX aHTArOHICTIB, /UTS MONATBIIOI poOOTH 0OpaHo
nBa mramu Gart (KMB-3 ta KMB-6).

AHTAaroHiCTHYHA aKTHBHICTH IITaMiB OakTepiit pomy Bacillus no ¢itonaroreHHnx rpudiB (n = 8)

JliaMeTp 30HM IPUTHIYEHHS POCTY TECT-KyJIBTYp, MM

m Fusarium xysporum Fusarium oxysporum Fusarium culmorum Fusarium moniliforme Alternaria alternata  Aspergillus niger  Cladosporium herbarum
KMB-F-12 IMB-F-54201 IMB-F-50716 KMB-F-23 KMB-F-16 KMB-F-25 IMB-F-16878
KMB-1 0 132+03 0 11,2+0,3 0 0 0
KMB-2 0 0 20,6+1,0 204+08 24,0+0,7 202+0,5 26,1 1,1
KMB-3 133+03 114+03 185+0,7 21,5+06 30,6+1,22 242+0,7 283+2,0
KMB4 124+04 0 13,3+0,5 0 0 0 152+0,8
KMB-5 0 17,5+0,7 214+12 19,6+0,5 285+09 25,109 274+1,0
KMB-6 11,5£02 152+09 232+15 20,5+0,7 272+0,6 294+0,6 23,5+0,9
KMB-7 153+0,8 15106 0 19,3+0,2 273+0,8 19.5+03 26,5+0,5
KMB-8 0 185+08 20,009 20,7+03 255+04 255+08 28,1+0,6
KMB-9 162+09 0 10,5+0,1 0 0 0 0,
KMB-10 120+03 0 0 0 0 0 0
KMB-11 0 0 0 0 12,5+0.2 9,5+02 132+03
KMB-12 10,502 103+0,2 145+0,6 0 120+0,5 0 0
KMB-13 0 11,2+0,3 0 12,0+04 0 104+0,1 0
KMB-14 122+04 124+05 133+05 10,0+0,6 0 0 133+04

Puc. 1. B mrramis 6akrepiii poxy Bacillus Ha pict
(hitomaroreHHux rpuoiB: a — Aspergillus niger KMB-F-25;
6 — Alternaria alternata KMB-F-16; 6 — Fusarium oxysporum
IMB-F-54201; 2 — Cladosporium herbarum IMB-F-16878;
1—6 — HOMepH IITaMiB-aHTATOHICTIB

Tadmmus 2
Brums mramiB GakTepiii-aHTaroHicTiB Ha GOpMyBaHHS IIPOPOCTKIB
siporo stamerto copty Kpucrais (n = 100)

Bapiant Yacrxa npopocsioro Cepersst 1oxuHa Cepe/iHs IOBKUHA

00poOKHI Haciius, % TIaroHiB, MM KOpEHIB, MM
Bacillus sp. KMB-3 91,0+1,9 38,8+2,0 261,0+6,3
Bacillus sp. KMB-6 84,0+6,6 383+28 246,7+ 184
Kontpons 95,0+22 43,1+£29 264,7+£264

Pospobisiroun Gionpenapary it 3aXUCTy POCIIHH, HeOOXITHO 3iii-
CHIOBAaTH BHIPOOYBaHHS Ha (DITOTOKCHYHICTH MIKPOOHHX KYJIBTYP.
Hari nocmimkeHHs: Ha pOCIMHAX SMMEHEO siporo copty Kpucraitist mo-
Kas3aJ BiACyTHicTh (hitotokcnunoi aii Bacillus sp. KMB-3 ta Bacillus

sp. KMB-6 3a MOphOMETpUYHHMH TOKA3HAKAMH Ta CYXOH Baroro
npopocTkiB. He3HayHi pi3HHII BiZICOTKA MPOPOCIIOro HACIHHSI, TOBKH-
HU TIarOHIB 1 KOPIHHS MPOPOCTKIB Ta 1X CyXOl Baru CTAaTHCTUYHO He
JOCTOBIpHi (Tab. 2, puc. 3).

Puc. 2. BrumB HalfakTHBHIIIVX IITaMiB-aHTATOHICTIB
(iTonaToreHHNX rprdiB Ha PICT SHTOMONATOICHHHUX MIKPOOPTaHi3MiB:
a— Bacillus thuringiensis IMB-7186; 6 — Beauveria bassiana
IMB-F-100043; 3, 5, 6, 8 — HOMepH LITaMiB-aHTarOHICTiB

0.7 B laronn

0.6 B KopeHi

0.5 A

0.4 A

0.3 A

0.2 A

Cyxa maca 100 npopocTKiB, T

0.1 A

0.0 -

1 2 3
BapianTH 06poSKH

Puc. 3. Cyxa maca KOpEHiB Ta IaroHis siporo saMeHro copry Kprcra-
J1ist 32 00POOKH KyJIBTYPATIBHOIO PiHHOO OakTepiid: / — Bacillus sp.
KMB-3; 2 — Bacillus sp. KMB-6; 3 — koaTtpos (n = 100)
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JUtst CTBOpEHHSI KOMILICKCHOTO Tperiapary BaKIMBO JOCIIIUTH
CITUIBHY Ji0 BCIX KOMITOHEHTIB MIKPOOHOTO KOMIUIEKCY Ha 30y/IHHKIB
IPUOHUX XBOpOO pocivH. BurpoOyBaHo [Jiro KOMILIEKCIB Ha TpHOH po-
ny Fusarium, OCKUTbKH, 3 OHOTO GOKY, BOHH 3aBJIAIOTh HAWOLTBIINX
30UTKIB CUIBCHKOTOCTIONAPCHKOMY BHPOOHHIITBY, 3 HIIIONO — I1i TPHOH
BUSIBUJIMCS] MEHIIT Yy TJIMBUMH JIO il BUAUICHIX aHTArOHICTIB.

TloriepenHst HepeBipKa aHTATOHICTHYHUX BIIACTUBOCTEH EHTOMO-
TIATOTEHHMX MIKPOOPTraHi3MIB MOKa3ala BiICYTHICTb (DYHTICTATHIHOL
nil B. thuringiensis IMB-7186 i, HaBMaku, CyTTEBE iHTIOYBAHHS POCTY
(y3apiiB KysTyporo B. bassiana IMB-F-100043. Tomy miro MikpoO-

Tabmuns 3

HUX KOMIUICKCIB, 1110 CKJIAJIAJINCS 31 IIITaMy-aHTaroHiCTa Ta EHTOMOIIa-
toreHa B. bassiana IMB-F-100043 i mramy-aHTaroHicTa Ta Iuramis
B. bassiana IMB-F-100043 i B. thuringiensis IMB-7186 nopiBHioBai
3 Ii€10 MOHOKYJIBTYp IITaMiB-aHTArOHICTIB (Tabu. 3, 4).

Haii6inpmii Bincotok iHTiOyBaHHA pocty F. culmorum IMB-F-
50716 3abe3neunB xomruieke Bacillus sp. KMB-3, B. bassiana IMB-F-
100043 i B. thuringiensis IMB-7186, nis sixoro Oyia Ha piBH Jiif MOHO-
KynsTypH Bacillus sp. KMB-3. Haii0inbne npuraidensst pocty F. oxy-
sporum IMB-F-54201 3a6e3neuns komruieke Bacillus sp. KMB-3 i B. bas-
siana IMB-F-100043, xist IKOro Je11io MocTymnanacs /il MOHOKYJIBTYD.

KowmriiekcHa fist iramiB-aHTaroHicTiB ta B. thuringiensis IMB-7186 1 B. bassiana IMB-F-100043 wa niniitnuii pict F. culmorum 50716 (n=8)

Bapiasr siocriiy JiameTp KooHii, My IrriGyBanms pocty,% JliamMeTp KOJIOHi1, MM IuriGyBanms pocty, %
TpeTs joba TpeTs noda mocra jooa 1mocra 1o6a

Kontpons 29,7+14 - 785+19 -
Bacillus sp. KMB-3 12,0 +£0,3%* 59,6 12,0+£0,3%* 84,7
Bacillus sp. KMB-6 114+£0,3%* 61,6 11,1 +£0,2%%* 85,9

B. thuringiensis IMB-7186 30,1£1,5 0,0 832+1,1 0,0

B. bassiana IMB-F-100043 10,7 +£0,3%** 64,0 155+1,3* 80,3
Bacillus sp. KMB-3 + B. bassiana IMB-F-100043 11,3+£0,3** 62,0 11,5+0,3%** 854
Bacillus sp. KMB-6 + B. bassiana IMB-F-100043 142+09* 52,2 13,7+0,3* 82,5
Bacillus sp. KMB-3 + B. bassiana IMB-F-100043

+ B. thuringiensis IMB-7186 113207 620 113202 856
Bacillus sp. KMB-6 + B. bassiana IMB-F-100043 1524 04% 438 148+ 12% 811

+ B. thuringiensis IMB-7186

Tpumimka: * —P < 0,05, ** —P <0,01, *** — P <0,001 BiTHOCHO KOHTPOIIIO — POCTOM I'pH0a 32 BiICYTHOCTI KyIbTypaIbHUX PIIMH MIKPOOPTaHI3MIB Y CEPeIOBHIIII.

Taomuus 4

Komruiekcha fiist irramiB-aHTaroHictis a B. thuringiensis IMB-7186 1 B. bassiana IMB-F-100043 Ha ninitinvii pict F. oxysporum IMB-F-54201 (n=8)

JliameTp KoJoHii, MM

InriGysaus pocry, % JliameTp KoJtoHii, MM InriGyaus pocty, %

Bapianr nocrizy TpeTst 1o0a Tperst goda mocTa 100a 1mocTa 100a

Konrpois 44,3+0,6 - 854+04 —
Bacillus sp. KMB-3 234426 472 21,3+ 1,3%** 75,1
Bacillus sp. KMB-6 239+1,7* 46,1 25,6+ 1,6%* 70,0
B. thuringiensis IMB-7186 453+23 0,0 875+12 0,0
B. bassiana IMB-F-100043 18,9+0,7** 57,3 21,24+3,3%* 75,2
Bacillus sp. KMB-3 + B. bassiana IMB-F-100043 255+2.9% 24 27,0+2,7* 68,4
Bacillus sp. KMB-6 + B. bassiana IMB-F-100043 29,8 +1,4* 22,7 294+2,0* 65,6
Bacillus sp. KMB-3 + B. bassiana IMB-F-100043

+ B. thuringiensis IMB-7186 33,2+0,9* 25,1 314+13* 63,2
Bacillus sp. KMB-6 + B. bassiana IMB-F-100043 3504 1,1% 206 3544 1.5% 585

+ B. thuringiensis IMB-7186

Tpumimka: wB. Taou. 3.
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Puc. 4. IncexrrimHa akTUBHICTB MIKPOOHHX KyJIBTYp Ta iX
KOMIUICKCIB BiJTHOCHO TyceHHUIb Archips podana Scop.:

1 — Bacillus sp. KMB-3; 2 — Bacillus sp. KMB-6; 3 — Bacillus sp.
KMB-3 + B. bassiana IMB-F-100043 + B. thuringiensis IMB-7186;
4 — Bacillus sp. KMB-6 + B. bassiana IMB-F-100043 +
B. thuringiensis IMB-7186; 5 — B. bassiana IMB-F-100043 + B.
thuringiensis IMB-7186; 6 — koHTpOBHI (HezapakeHi) komaxu (n = §)

Po3zpotisroun ckitayn mosiQyHKIIOHATBHOTO MIKPOOHOTO TIpera-
pary, JOUUTBHO NEPEBIPUTH IHCEKTUI/IHY aKTHBHICTH KOMIUIEKCIB €H-
TomonaroreHiB i3 Bacillus sp. KMB-3 a6o Bacillus sp. KMB-6. [lito
KOMIUIEKCIB TIOPIBHIOBAIIN 3 1HCEKTULIMTHOIO aKTHBHICTIO B. bassiana

IMB-F-100043 + B. thuringiensis IMB-7186 (baxrodyHrin-LS) ta
JIEFO IITaMiB OaIvI BITHOCHO I'y CEHHITb JICTOBIMKH BCeimHOI (prc. 4).

IHCeKkTMIIMTHA aKTHBHICTH KoMIUIeKCiB Bacillus sp. KMB-3, B.
bassiana IMB-F-100043, B. thuringiensis IMB-7186 Tta Bacillus sp.
KMB-6, B. bassiana IMB-F-100043, B. thuringiensis IMB-7186 He-
3HAYHO BIIPI3HAIACA Bin il eHTOMOmaroreHiB B. bassiana IMB-F-
100043 + B. thuringiensis IMB-7186. HeBHUCOKy IHCEKTHIMIHY MitO
BCTAaHOBJICHO Takox Jurs 1ramy Bacillus sp. KMB-3 (36,7% 3arnGeni
TIMYHHOK, P < 0,01 MOpiBHAHO 3 KOHTPOJIEM).

O0roBopeHHs1

IpynroBi wramu Bacillus spp. XapakTepu3yBaics Pi3HUM CTyTIe-
HeM 1 CIIeKTPOM aHTH(yHTaIbHOI Aiil. [3 1aHuX sitepaTypy BiioMo, 0
Gakrepii poxy Bacillus 3naTHi IpOIyKyBaTH pi3Hi aHTUMIKPOOHI pedo-
BHHH, HATIPHKJIA], IMKJTiYH JTOTSITAIN, SIKi IPUTHIYYIOTh PICT Mille-
JIiF0 TPUOIB 1 IPOPOCTAHHS KOHIAIN MiKpoMmineTiB. 30kpeMa, B. amylo-
liquefaciens CNU114001 mpomyKyBaB JIMONENTHL ITYpUH, KUK Xa-
PpaKTepH3yBaBCs aKTUBHICTIO TIPOTHU ILIAPOKOTO CIIEKTpa (iTornaToreH-
HUX TpUOIB Alternaria panax, Botrytis cinerea, Colletotrichum orbicu-
lare, Penicillium digitatum, Pyricularia grisea Ta Sclerotinia sclerotio-
rum (Ji et al., 2013). B iHIIOMY JOCHI/DKEHHI MOKa3aHO, 0 OaKTepil
TOTO CAMOTO BT OAIkIT IPOYKYFOTh [MKITIYHI JIMOICTITHN Cypdak-
i C, ¢erritmun A i B, sixi npurdiayBaim pict S. sclerotiorum.
HItamu B. amyloliquefaciens TpoNOHY€ThCSI BUKOPHCTOBYBAaTH ISt
OIOKOHTPOITIO CKJICPOTHHIATHHOTO 3aXBOPIOBAHHS CTOBOYPOBOFO THIUT-
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1o (Alvarez et al., 2012). Baxrepii, siki mpomyKytoTs cyphakTiH, 3a-
3BHYAll XapaKTepH3yIOThCs aHTHOAKTepiabHO Jieto. Tak, B. subtilis
6051 npurnivyBas pict Pseudomonas syringae, a B. amyloliquefaciens
KPS46 — Xanthomonas axonopodis pv. glycines (Meena & Kanwar,
2015). V 1poMy OCIiHKEHH] MIMPOKHI CIIEKTp aHTU(YHrampHOL Ail
niokasanu 1ramu Bacillus sp. KMB-3 1 Bacillus sp. KMB-6, sixi mpu-
THIYyB&IM PICT YCIX HPOTECTOBAHHX KyJBTYp (hiTonaToreHiB Ta He
TIPOSIBIIUTH (DITOTOKCHYIHOCTI.

OCTaHHIM 4acoM y POCIMHHHMIITBI 3aMiCTh IpenapariB Ha OCHOBI
MOHOKYJIBTYP JOCIIHUKU TPOIIOHYIOTh BUKOPHUCTOBYBATH KOMILICKC
Pi3HHX MIKPOOPraHi3MiB i3 I0JAaTKOBUMH a00 CHHEPIiYHUMHU BIIACTH-
BocTsIMU. [lepeariociBHa HOKYJIALISE KOMILIEKCOM, IO CKIIaIaBCs i3
camOioTIaHOTO a30Tdikcaropa Mesorhizobium ciceri 1C53 Ta eHno-
¢itHOrO TTaMy B. subtilis NUU4, edekTHBHIIIE CTUMYIIFOBANA PicT
6000801 pocrmaw Cicer arietinum L., a Takox yTBOpeHHS Oy I5004OK,
(hopMyBaHHS CTPYUKIB Ta YPOXKAFO TMOPIBHSIHO 3 1HOKYJIAIIEID OIHAM
azordikcaropom. [To3UTHBHMIT BILTMB MIKPOOHOTO KOMIUICKCY aBTOPH
TIOSICHIOIOTh TAKMMH JIOJATKOBUMHM BIacTUBOCTSIMU B. subtilis NUU4
SIK 37IaTHICTH 10 YTBOPEHHSI IHIOJIIOLTOBOI KUCIOTH, COMIOOLTI3aLIist
(ocdari i 3MeHILIEHHS POsIBY IH(EKILi, CIpUYNHEHOT (iTonaToreH-
HIM TprdoM Fusarium solani (Egamberdieva et al., 2017). Egamberdi-
eva et al. (2016) OBiZOMUIN TIPO CHHEPTETHYHHI BILUIMB KOMOIHOBA-
Hoi iHOKysiii Mesorhizobium sp. Ta Pseudomonas extremorientalis
TSAU20 Ha pocTOBi MOKa3HHUKH JIKapchKoi 6000Boi pocivy Glycyr-
rhiza uralensis Fish. 3a conpoBoro crpecy. B iHImomy mociimkeHHI
cymicHe 3actocyBanHst Pseudomonas fluorescens, Trichoderma harzi-
namum 1 SHIOMIKOPU3HUX TPHOIB Kpallle 3HIDKYBIO iH(DIKyBaHHsS
TomatiB F. oxysporum f. lycopersici, HiX THOKYJISILIS OIHUM i3 LHX
MikpoopraHi3miB. KoMOiHOBaHa 1HOKYIISAITIS 3HU3MIIA BAXKKICTH 3aXBO-
PproBaHEST Ha 74% y TONBOBHMX yMOBAX, YPOXKAHHICTb KyJIbTypH IIPH
oMy TiBrnIiachk Ha 20% TOpIBHAHO 3 KOHTposeM (Srivastava et al.,
2010). V HarmoMy IOCIiDKEHHI TMiniopaHi KOMIDICKCH MIKpOOpraHi3MiB
TPOSIBIUTH (DYHTICTATHYHY Ta IHCEKTULIMIHY [T Ta MOXYTh 3aCTOCOBY-
BATHCh JJ1s 3aXUCTY POCIIHH BiJI IPHOKOBUX XBOPOO 1 KOMaX-IIKi/THHKIB.

ITepeBipka aHTArOHICTMYHHMX BIIACTHBOCTEH EHTOMONATOICHHUX
MIKpOOPraHi3MiB MOKa3aja BiICYTHICTb (pYHIICTATHYHOI [Iil JOCIIHKY-
BaHoro wrramy B. thuringiensis IMB-7186 i, HaBmaku, cyTTeBe iHTiOy-
BaHHS pocTy Qy3apiiB KymbTyporo B. bassiana IMB-F-100043. 3 ma-
HHX JITEpaTypy BiIOMO, IO AEsKI ITaMu B. thuringiensis, KpiM iHCEK-
THIIMTHOL JIil, XapaKTepH3yOTECS BUCOKOF) aHTarOHICTUYHOK aKTHBHI-
CTIO OO (HITOMATOreHHUX MIKPOMIIIETIB pomiB Venturia, Verticillium
Tomo. [le 3yMOBIIEHO CHHTE30M MPOTUTPUOKOBHX PEUOBHH (Oarmti-
OakTHHy, IBITEpMIIMHY A), a TaKoXK MIKONITHYHUX XiTHHA3, IO
CIPUYUHSIIOTH JII3KC, 3MiHM LIUTBHOCTI, TOBILIMHK Ta HAMPSIMKY POCTY
miresrtito (Hollensteiner et al., 2017; Patyka et al., 2017). Buecenuii y
LIUTbHE JKUBIUIBHE CEPEIOBUILE OYMIICHHI MpenapaTr eHIOXiTHHA3H
B. thuringiensis subsp. tenebrionis DSM-2803 mpurHidyBaB pagiaib-
wuit pict Colletotrichium gloeosporioides, 30yIHAKa aHTPAKHO3Y POCIHH.
ABTOpH CIIOCTEpIraiy MpsiMy KOPEIBSIIIF0 MK KOHIICHTPALIEIO CHIOXi-
THHA3M Ta piBHEM iHriOyBanHs pocty ¢itonaroreny (De la Fuente-
Salcido et al., 2016). Kpim xitnnazu wram B. thuringiensis HD1 ytBo-
PIOBaB XiTHH3B’S3yBAIbHII OLIOK, JIOKATi30BaHMI B 00OJIOHKAX CIIOP.
eit GiOK MOCHITIOBAB IHCEKTULIMHY [0 KpuctamivHoro Oinka Cry
1Ac Ta iHriOyBaB pict rpubis Culvularia oryzae, Aspergillus oryzae,
Aspergillus parasiticus, Verticillium dahliae. XitnH3p’ s3yBaybHIi Oi-
JIOK JIi€ SIK CHHEPTICT XITHHA3W, BHACIIIOK YOrO BiIOYBAETHCS 1HTCH-
CHBHIIIIE TIPUTHIYEHHS pocTy TpHOiB (Arora et al., 2013). Takox Bino-
Mo, IO B. bassiana, KpiM aKTUBHOCTI IPOTH KOMAX, MOXKE BHCTYHATH
AHTArOHICTOM BiTHOCHO 30Y/THHKIB XBOPOO poc/nH. MexaHi3M aHTaro-
HICTUYHOI il 1HOro Tprda JOCIiHNAKY TIOB I3y 0Th 31 3AATHICTIO TIPO-
JyKyBaTW aHTHOIOTHYHI PEUYOBMHH, a TAKOXK KOHKYPCHLUEIO 3a CyO-
CTpar Ta IHAYKII€F0 CHCTEMHOI PE3HCTEHTHOCTI POCIMH MPOTH 30YTHI-
KiB 3axBoproBaHb pociuH (Shahid et al., 2012). Otpumani Hamu faHi
TATBEP/PKYIOTh 3ATHICTb mtamy B. bassiana IMB-F-100043 npursi-
YyBaTH PICT ()ITONATOrCHHNX TPHOIB, NPOTE BHKOPUCTAHHMI HaMU
wrtaM B. thuringiensis IMB-7186 He npuraidyBaB 10CIIiHKyBaHi TpHOK
pony Fusarium.

Jani HamMX JOCIIHKEHb CBITYaTh NPO HEBUCOKY IHCEKTHULIAIHY
AKTUBHICTD KyJbTypabHuX pimuH Bacillus sp. KMB-3. I3 miteparyp-

HUX JDKEPEN BiZIOMO, IO JICSKi aHTAroHICTH (DITONATOreHHHX TPUOIB,
IO TIPOIYKYIOTh XITHHOMITHYHI (DepPMEHTH, XapaKTePU3YIOThCSI €HTO-
MormHoo mieto. Rishad et al. (2017) noBimomunu npo BHAUICHHS Ta
OUMIIICHHS XiTUHA3M 13 B. pumilus MCB-7, 1110 posiBisuia MIKOTITHYHY
AKTUBHICTb BiTHOCHO Aspergillus flavus, A. niger, A. fumigatus, Cerato-
rhiza hydrophila ta Fusarium oxysporum. Lleit pepmeHT moka3aB Ta-
KO>X éHTOMOLM/IHY aKTUBHICTb BITHOCHO JIMMMHOK Scirpophaga incer-
tulas Walker (Lepidoptera: Pyralidae), mimamka pucy. Meena &
Kanwar (2015) Tako» BCTaHOBHJIH, 110 CyIIEPHATAHTH KyJIETYPAJIbHIX
pimiH mTamiB B. subtilis, 1O TPOAYKYIOTh JHMONEHTUL CyphaKTHH,
TMOKa3aJTi BUCOKY CMEPTHICTB JINUMHOK i mmymiapiiB komapis BuziB Culex
quinquefasciatus, Anopheles stephensi, Aedes aegypti.

BucHoBkH

3i 3pasKiB IPYHTY YOPHO3EMY 3BHYAHHOTO BUIUICHO 23 130JIATH
OakTepik, BiTHeCeHUX 110 pony Bacillus. HaiiBuiily aHTArOHICTUYHY aK-
THBHICTh BIZTHOCHO (iTOmaTtoreHHNx TpuOiB Fusarium culmorum,
F. moniliforme, F. oxysporum, Cladosporium herbarum, Aspergillus
niger, Alternaria alternate noxazamu wramu Bacillus sp. KMB-3 ta
Bacillus sp. KMB-6. YcTaHOBIEHO BiICYTHICTb aHTATOHI3MY MK Bi-
IOpaHUMH IITaMaM{ Ta CHTOMONATOTeHHWMH Oaktepismu Bacillus
thuringiensis IMB-7186 Ta tpubamut Beauveria bassiana IMB-F-
100043. O6pobKa HaCIHHS SPOTO SUMEHIO KyJIETYPaIGHIMU PITHAME
Bacillus sp. KMB-3 ta Bacillus sp. KMB-6 HeratuBHO He BIUTMBaJIa HA
MOp(OMETPUUHI OKAa3HHKH Ta CyXy Bary npopocTkis. [TiniOpano Mik-
POOHI KOMILTEKCH, 10 CKIIaTy SIKUX BXOMSTH OJWH i3 BiMIOpaHKX IITa-
MIB-aQHTArOHICTIB Ta eHToMonarorenu B. thuringiensis IMB-7186 i
B. bassiana IMB-F-100043, 1110 TposIBISIFOT (PyHTICTATHYHY IO 10
(biToraToreHHHUX TpUOIB poxy Fusarium Ta IHCEKTULMIHY aKTHBHICTD
BITHOCHO I'yCeHHIb Archips podana Scop.
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Strongyloides westeri (Ihle, 1917), a parasitic horse nematode, has an unusual lifecycle, which allows it to exist for
a long time in the environment. Morphometric features of eggs, larvae and free-living S. westeri were studied in vitro
under different temperature regimes. The optimal temperature for their embryonic development is 25 °C, under which
90% of the first stage rhabditiform larvae are formed and released within 7 hours of cultivation. The temperatures of 20
and 30 °C are less favorable for their development. Embryonic development of Strongyloides has four stages that differ
in morphology and size. The eggs of a parthenogenetic female are 3.7% longer and 19.6% wider than eggs isolated
from free-living females of S. westeri. In embryogenesis, the eggs shorten by 4.4 um (6.5%) and widen by 5.35 pm
(8.3%). New data were obtained on postembryonic development of S. westeri. The differential morphometric features
of stage 1 and 2 rhabditiform larvae which grow both in length and width (33.7% and 30.4% respectively) are
established. The development of filariform larvae is associated with loss of bulbous thickening and formation of
cylindrical oesophagus. Simultaneously, the body elongates, and the gut becomes shorter. Differential morphometric
features of free-living males and females of S. westeri are the length and width of body, length of oesophagus, gut, tail
end, and size of spicules. Postembryonic development of the free-living and parasitic generations from rhabditiform
larvae is temperature-dependent. Most of the free-living generations of Strongyloides (54.0%) are formed at 20 °C, and
filariform larvae mostly (70.0%) develop at 30 °C. The obtained results of morphological studies improve differential

diagnostics of the nematode at various stages of development and further advance the study of its intraspecific variability.

Keywords: Strongyloides; horses; nematode eggs; larvae; biological properties; morphometry

Introduction

Among the world parasitic fauna, parasitic worms are a most
impressive group (Levine, 1980; Anderson, 2000; Kennedy & Harnett,
2013). Wild and domestic animals are well-known reservoirs of hel-
minths, and prevalence of infection depends on a number of factors,
such as the species composition and population sizes of the hosts,
environmental conditions, anthropogenic impact, and biological proper-
ties of the helminth (Lee et al., 2002; John et al., 2011; Goater et al.,
2014; Boyko & Brygadyrenko, 2016, 2017; Carlson et al., 2017).

Nematodes Strongyloides westeri Thle, 1917 are widely distributed
equine helminths. According to the literature, levels of equine infection
depend on the animals’ age, living conditions, prophylactics, climatic con-
ditions. Prevalence can reach 90% (Lyons et al., 2007; Araujo et al., 2012;
Ricardo et al., 2012; Lyons and Tolliver, 2014, 2015; Miller et al., 2017).

Nematodes of the genus Strongyloides (Grassi, 1879) are of spe-
cific interest because of their development cycle, which has alternative
parasitic and free-living generations. The parasitic stage is represented
only by parthenogenetic females living in the upper sections of the
equine small intestine. Free-living nematodes are not parasitic and
represented by both males and females living outside the animal host.
There is evidence that depending on environmental factors, in particular
the air temperature and humidity, eggs in faeces of sick animals or laid
by a free-living female can develop differently. In case of direct

development, the egg releases a rhabditiform larva that further trans-
forms into a filariform one, which upon maturing can infect the host.
Under indirect development, the rhabditiform larvae develop into either
males or females. Postembryonic development of Strongiloides has
distinct morphological traits by which its stages are identified (Lyons
etal,, 1973; Dewes and Townsend, 1990; Grant et al., 2006; Viney,
2006; Santos et al., 2010; Thamsborg et al., 2016).

Such specific biological properties of Strongyloides nematodes
indicate the appearance of parasitism in non-parasitic species, followed
by the evolution of relevant adaptations. The regressive morphological
and biological changes lead to parthenogeny in the parasitic female.
Meanwhile, the free-living larvae have the possibility of variable biolo-
gical adaptations (Blaxter et al., 1998; Dorris et al., 2002; Thompson
et al., 2006; Eberhardt et al., 2007).

The establishment of a helminth faunistic complex in certain envi-
ronmental conditions is also heavily influenced by a number of factors.
The most important are the biological properties of parasites that are so
far not sufficiently studied in Strongyloides species of equines. Hence,
investigating the morphological properties of embryonic and postem-
bryonic stages of S. westeri outside its host will allow us to complement
the already known facts of its biology and to better understand its
parasitic adaptations. The aim of present work is to investigate the speci-
fics of morphometric structure and biological properties of the embryo-
nic and postembryonic stages of S. westeri nematode in vitro.
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Materials and methods

Research was carried out in 2016-2017 in the laboratories of
Parasitology and Veterinary-Sanitary Expertise of the Department of
Veterinary Medicine of Poltava State Agrarian Academy and Dnipro
State Agrarian and Economic University. Morphological and size
parameters of the eggs of S. westeri were obtained from different
substrates: gonads of free-living females and faeces of infected horses.
The shape and shell features, including thickness, length and width of
eggs were studied.

The development of S. westeri was investigated by culturing eggs,
isolated from the faeces of infected horses and from free-living females,
in a thermostat at 20, 25 and 30 °C for 10 hours. The culture was exami-
ned hourly under a microscope to count the percentage of released
larvae and study the egg morphometry.

Postembryonic stages of S. westeri were measured in experimental
culture in vitro at 25 °C for 10 days. The parameters of rhabditiform
larvae L; and L,, filariform larvae, and free-living adult males and
females were investigated.

The percentage of rhabditiform larvae developing into filariform
larvae (directly) and into free-living males and females (indirectly) was
established at different temperatures (20, 25 and 30 °C).

Morphometric parameters of embryonic, postembryonic and adult
stages of S. westeri were measured using Image] for Windows®™
(version 2.00) in interactive mode using “10 and 40 objective, and “10
photo eyepiece. To calibrate the image analyzer, ruled scale of ocular
micrometer was coincided with the scale of stage micrometer included
in MikroMed microscope kit. Microphotographs were taken using a
5 Mpix digital camera of MikroMed microscope. The material and
significance levels were analyzed using standard methods of statistical
processing. All the data are reported as the sample mean = the standard
deviation (SD).

Results

Differences in the formation of rhabditiform larvae (L) were found
at different temperatures. Most of the larvae (more than 56%) are
released within 3—6 hours. Meanwhile, embryonic development can be
divided into four stages: blastomere cleavage, larval formation,
formation of mobile larvae, and release. The optimal temperature for
development of rhabditiform larvae and their release from eggs was
25°C (Table 1).

Table 1
Embryonic development of S. westeri eggs
at different temperatures (%, n=100)

Culture time, hours

Developmental

T°C before

stage culture 1 2 3 456 7891011 12

Blastomere 20 100 2315 9 8 8 8 8 8 8 8 8 8

25 100 20 11 8 6 6 6 6 6 6 6 6 6
cleavage

30 100 19 10 9 8 8 8 8 8 8 8 8 8

20 - 778 6 1 — — — — — — — -
e 5~ 8 9 3 2 - - - _ -
ormation

30 - 8 9 1 1 - — — — — — — —

. 20 - - 57286 1 - — — - — —

poblelna s . @ 2621 - - - - - -
ormation

30 — - 66 13 5 3 2 222222
Release 20 - - - 5% 19 8 6 333333
of larvae 25 - - - 6220 6 6 44444 4
from eggs 30 — — — 59 18 8 5 444442
Endof 20 - - - — 8 8 8 1313131313 13

25 - - - — 6 6 6 1010101010 10
development

30 — - — — 8 8 101414141414 14

At the start of the experiment, 100% of eggs were at the blastomere
cleavage stage (Fig. 1a). Later, the percentage of eggs at this stage
decreased and after a 4-hour-long exposure more than 90% of them
started the next stage of development (Fig. 1b). The percentage of eggs
that stopped developing at this stage was 8% at 20 and 30 °C, and 6% at

25 °C. Larval formation begins quite early, within the first hour of the
experiment more than 77% of Strongyloides eggs contained an
immobile larva. The next stage of embryogenesis was characterized by
the formation of a mobile rhabditiform larva (Fig. 1c). It peaked at the
sixth hour of culturing. The percentage of eggs that stopped developing
was 11 at 20 °C, 8 at 25 °C, and 10 at 30 °C.

Larval release from eggs was first registered at the third hour of
culturing (Fig. 1d), and at the sixth hour it peaked (to 90%). Meanwhile
the percentage of arrested larvae and undeveloped eggs was 13 at 20 °C,
10 at 25 °C and 14 at 30 °C. Thus the lowest mortality of S. westeri
eggs was at 25 °C.

%o
o
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Fig. 1. Embryonic development of S. westeri in vitro:
a—blastomere cleavage; b — larval formation; ¢ — mobile larva
formation; d — release of rhabditiform larva (L) from egg; bar — 50 um

The eggs were oval with wide flat poles and thin shells, grey and
half-transparent (Fig. 1). The size parameters of the eggs isolated from
the gonads of free-living females and from the faeces of infected horses
were significantly different (Table 2).

Table 2
Size parameters of S. westeri eggs, isolated out of various substrates, n= 10
Parameters, pm Min Max x+SD

Length from free-living female gonads  39.76 ~ 52.71 47.71+£4.61
from faeces of infected horses  41.88  52.33 49.21+£2.90

Widh from free-living female gonads 23.64  31.65 27.50+2.44
from faeces of infected horses  29.95  39.13 3424 £3.77%%*

Shell from free-living female gonads  0.87 1.30 1.07+0.13

thickness  from faeces of infected horses 0.98 132 1.16+£0.09

Note: ¥*¥* —P <0.001 compared to values of eggs isolated from free-living female
gonads.

The eggs isolated from the faeces of infected horses, were slightly
longer — by 3.1% than the ones isolated from the gonads of the females
(47.7+£4.6 and 49.2 + 2.9 um). The most pronounced differences were
in the width dimension. The eggs isolated from faeces were wider by
19.6% (P < 0.001), and their shells thicker by 7.7% compared to the
same parameters in eggs isolated from gonads (27.5 = 2.4 and 1.1 +
0.1 pm, respectively).

During in vitro embryogenesis of S. westeri larva, there were
changes not only in their internal structure, but in the parameters of the
egg length, width and shell thickness (Table 3).

In embryogenesis the egg length and shell thickness significantly
decreased, while width increased. Thus, during blastomere cleavage the
egg length decreased significantly by 4.4%, during larva formation by
6.1% (P <0.05), during mobile larva formation by 6.5% (P <0.01). Egg
width increased by 5.3% during blastomere cleavage, by 7.6% during
larva formation, by 8.3% during mobile larva formation (P < 0.05).
Eggshell thickness also changed and at the mobile larva formation stage
was the least (thinner by 19.4% compared to before culture, P < 0.001).
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Thus, eggs of S. westeri differ by morphology and size parameters
depending on the embryogenesis stage and the substrate they were
isolated from. Such features should be taken into consideration in
species identification.

In the first day of observations, stage 1 rhabditiform larvae (L;) of
S. westeri developed, with subsequent transition into stage 2 on the

second to third day of development (L,). Rhabditiform larvae had their
own specific features: bulbous thickening of oesophagus, gut filled by
pigmented grainy mass in two rows (Fig. 2a, b). On the fourth day of
culture, we found filariform larvae with long cylindrical oesophagus
and thinner tail end. Morphometrically, the rhabditiform and filariform
larvae of S. westeri are distinctly different (Table 4).

Table 3
Size parameters of embryonic development of S. westeri in vitro (n = 10)
Developmental stage
Parameters, um Before culture blastomere cleavage larval formation formation of mobile larva

x+SD Min—Max x+SD Min—Max x+SD Min—Max x+£SD Min—Max
Length 4825+193  45.12-51.23 46.12+2.52 41.35-50.15 4529+3.12%  41.13-4936  45.11£2.02%*  4135-4721
Width 3433+£375  29.05-40.19 36.27 £2.60 32.14-4042 37.17+233 32.02-39.85 3746+ 1.59* 35.02-40.12
Shell thickness 1.13+0.11 0.94—1.32 1.06+0.11 0.83—1.21 0.99+0.08**  0.85-1.14 0.91+0.09***  0.74—1.03

Note: * —P <0.05, ** - P <0.01, *** - P <0.001 compared to pre-cultivation values.

Table 4

Size parameters of thabditiform

and filariform larvae of S. westeri in vitro (n= 10)

Parameters, um x+SD Min Max
First stage thabditiform larva (L)

Length 31348 +28.54 264.19 34725

Width 15.52+221 12.03 18.75

Oesophagus length 115.71+832 104.01 130.12

Gut length 167.63 +£26.09 134.10 211.15

Tail end length 30.95+2.05 26.95 34.57

Second stage rhabditiform larva (L)

Length 47323+£2837 42121 521.10

Width 2234546 16.40 3135

Oesophagus length 119224991 102.16 13475

Gut length 310.21+30.64 257.02 354.16

Tail end length 44.52+6.85 35.14 58.13

Filariform larva

Length 51642+19.38 484.26 54143

Width 15.08+£1.38 12.46 17.01

Oesophagus length 261.80+11.59 24126 28425

Gutlength 160.11£8.97 14435 173.22
81.03 10241

Tail end length 9524+6.53

C

Fig. 2. Larvae of S. westeri: a — rhabditiform (L,), b — rhabditiform (L,), ¢ — filariform; bar — 100 pm

The average body length of L, was 473.23 + 28.37 um, which is
33.7% more than length of L; (313.48 & 28.54 um). Body width of L,
was also 30.4% greater than in L;. Comparing L, and filariform larvae
we found the latter to be slightly longer (by 8.3%) and thinner (by
32.3%). The most typical trait of developing filariform larvae was
oesophagus formation and loss of the bulbous tip. The process was
accompanied by oesophagus growth by 54.4% and gut shortening by
48.3%, which is evidently linked to larvae becoming parasitic.

Postembryonic development of L, was followed by their transfor-
mation either into filariform larvae or into free-living males and
females. In culture, free-living generations appeared from Day 4. They
have distinct morphological features; male S. westeri has weakly
delineated buccal capsule, and on the tail end two spicules of the same
size, gubernaculum and pre- and postnatal papillae (Fig. 3a, b, c).
The female has a thinner anterior end, straight tail end, vulva in the
middle of the body, eggs in the uterus (usually 24, sometimes 5)
(Fig. 3). The oesophagus had two thickenings, the frontal one elongated
and the tail-end one a bulb with a valve apparatus (Fig. 4a, b, c).

Morphometric studies found sex dimorphism in free-living
generations of Strongyloides (Table 5). Average female length was
934.84 + 59.37 um, which is 18.9% longer than average male (757.72 +
60.04 pum). Females were also 18.5% wider.

clLe

Fig. 3. S. westeri (3): a— anterior end, b — tail end, ¢ — whole specimen; bar — 100 pum
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b

c

Fig. 4. S. westeri (9): a, b — general appearance of females with different numbers of eggs; ¢ — vulval region; bar — 100 um

Table 5
Size parameters of S. westeri free-living generations in vitro (n= 10)
d ?

P: 1

armelers, IS Min_Max____x<SD__ Min__ Max
Bodylength ~ 757.72+60.04 6459 8345 934.84+59.37 8460 10073
Body width 2831375 227 347 379+£523 283 458
) 11 e 12634+10.81 1045 1375 14843+871 1384 1655
Gut length 57769+63.68 4728 6544  689.36+4928 6113 7510

Tailendlength  54.67+11.62 347 725  9819+1132 808 1229

Spiculelength ~ 3.61+£065 289 473 - - -
Eggsin length - - - 3986+2.09 3645 4254
uterus  width - - - 2283+193 2025 2675
Number of eggs — — — 2.80+1.08 1 5

In free-living males, the tail end length was less than 44.3% shorter
than in females (98.19 = 11.94 pum). The ratio of oesophagus to gut in
males and females were almost the same (1 : 4.5 and 1 : 4.6, respective-
ly). In culture and postembryonic development of S. westeri thabditi-
form larvae, the majority of filariform larvae were formed at 30 °C
(70 %), fewer larvae were observed at 25 °C (63%) (Table 6).

Table 6
Postembryonic development of rhabditiform larvae
of S. westeri in vitro (n = 100)

Developmental .. , Day of culture
saze "C 0 1 2 3 4 5 6 7 8 9 10 @
n 20 100100100 95 72 41 12 3 3 3 3 3
fm}fab:mfom 25 100100100 89 63 29 9 3 2 2 2 2
30 100100 98 81 52 20 6 33 3 3 3
. 20 - - - 51011 16 1 - - — 4
Elﬂigfm 2% - - - 8162 12 4 -~ 6
30 - - 215220102 - — — 70
Freliving 2 - - 8 127 4 — — — 3
%5 - - — 1 4.6 3 2 - — — 16
males
30 - - - 1 5 6 2 — — — — 10
Frodvig 2 - - - - 5 8 64 - - - 2
R %5 - - - 2.6 6 5 — — — — 19
30 - - - 1 45 2 1 — — — 17

The filariform larvae developed faster in cultures at 30 °C and were
found from Day 2, while the percentage of free-living generations was
the least observed (27%). Cultures at 25 °C had 63% of filariform
larvae and 35% free-living males and females. The highest percentage
of free-living generations (54%) was found at 20 °C. Thus, our research
supports the dependence of the alternation of Strongyloides generations
on temperature regimes.

Discussion

Analyzing the obtained data, we should note that abiotic factors
greatly affect the development and morphometric parameters of emb-

ryonic and postembryonic stages of S. westeri. We established that the
optimal temperature for culturing eggs of equine Strongyloides is 25 °C.
It was found that the embryogenesis of S. westeri takes 4 to 6 hours at
20 to 30 °C. We also obtained novel data on the morphometric structure
of eggs isolated from different substrates during their embryonic
development. Our morphometric results are insignificantly different
from those previously published (Ivashkin & Dvojnos, 1984), according
to which the egg length of equine Strongyloides is 39 to 60 um, and
width 39 to 42 pum (compared to the 41.9-52.3 um and 29.9-39.1 um,
respectively in the present study). Such data are in agreement with the
findings of Thle (1918) and others. Also, morphometric changes during
embryogenesis were found, in particular the decrease in length (by
44 um or 6.5%, P < 0.01) and thickening (by 5.3 um or 8.3%, P <
0.05), and the thinning of eggshells (by 19.4%, P <0.001).

Rhabditiform and filariform larvae and free-living generations of
S. westeri were described quite a while ago (Ihle, 1918; Blieck &
Baudet, 1920; Schuurmans-Stekhoven, 1930), yet there are no detailed
descriptions of these helminths and their variability in Ukraine. We
found morphometric parameters of rhabditiform larvae of the first and
second stages. In the available literature we found general descriptions
of S. westeri thabditiform larvae regardless of developmental stages.
Our research allows one to identify separate morphometric parameters
of L; and L,: mean length of L; was 313.5 + 28.5 um, width 15.5 +
2.2 um, and those of L, 473.2 + 28.4 and 22.3 + 5.5 pm, respectively.
We also measured larval oesophagus, gut and tail end. During the
development of filariform larvae they grow slightly in length, with the
most typical changes occurring in the structure of the oesophagus and
its ratio to gut length. In L, the ratio was 1 : 2.60, and in filariform larvae
it was 1.63 : 1. Thus, the larval ontogenesis is characterized by impor-
tant morphometric changes that should be taken into account when
identifying Strongyloides species.

‘We obtained new differential data on the morphometry of the free-
living S. westeri generations. The free-living female mean length was
934.8 + 59.4 um, width 37.9 + 5.2 um. Males were smaller by 18.9—
18.5% (length — 757.7 £ 60.0 pm, width — 28.3 + 3.8 um). The para-
meters are in accord with most of the previous findings, which in its tumn
indicates adaptability of the helminths. However, one should note that
most authors report seeing 5 to 7 eggs in the gonads of free-living
females, which is more than what we observed in most cases (2.8 +
1.1 eggs).

The developmental biology of the helminths is characterized by
their high adaptability and survival rates in unfavorable conditions. Tsuji
& Fujisaki (1993) in their studies on culturing S. venezuelens in vitro
prove that changing temperature from 25 to 37 °C is the main factor
influencing the development of invasive larvae. Also, filariform larvae
were found in extreme temperatures, as high as as 30 °C in the cultures
of S. stercoralis (Shiwaku et al., 1988). The same was found for
Strongyloides species in culture (Minato et al., 2008). In a study of the
effect of temperature on L, stage of S. ratti, the larvae kept at 4 or 10 °C
for 120 hours could not develop due to the arrested or delayed growth.
However, L, could develop after transfer to the culture at 25 °C during
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48 hours. The larvae stimulated by cold (4 or 10 °C) developed directly
into invasive L; stages and it took as little as one minute of exposure to
the low temperatures to induce direct development. Correspondingly,
Strongyloides sp. can survive growth arrest or delay (Sakamoto & Uga,
2013).

Our studies showed that culturing rhabditiform larvae at 20 °C
favored the formation of a greater number of free-living generations,
and at 25-30 °C that of filariform larvae. It is in accordance with the
findings of field biology of S. westeri (Malygin, 1957; Vislobokov,
2008). Our research proves that males and females develop in different
quantities at different temperatures, yet the overall numbers are
practically the same — 57 males and 59 females. Thus, our data, as well
as the literature, show the significant effect of the environment on the
development of different generations of Strongyloides sp.

Conclusions

Size parameters of the embryonic development stages of S. westeri
have significant differences and depend on the substrate and the
developmental stage. The process of embryogenesis of S. westeri in
vitro has four stages: blastomere cleavage, larval formation, mobile
larva formation, and release from egg; the stages have morphometric
and significant size changes. Embryonic development of S. westeri
occurs at 20 to 30 °C in 4-6 hours, and average survival rates is 87.7%.

Postembryonic development of Strongyloides is characterized by
the formation of rhabditiform larvae (L; and L,), filariform larvae, free-
living generations of males and females, whose development is
accompanied by morphometric changes. The main differential features
of S. westeri at the discussed developmental stages are body length and
width, structure and size of oesophagus and gut and their ratio, length of
the tail end. It is possible to regulate the formation of filariform larvae
and free-living generations of males and females by adjusting the
temperature regime of the culture.
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Nowadays the role of NO in the development of male infertility is actively studied. Arginase (EC 3.5.3.1) is a
manganese metalloenzyme which converts L-arginine to L-ornithine and urea and reciprocally regulates NO production.
Although arginase activity has usually been detected in the reproductive tract, including spermatozoa, no data relating to
the kinetic properties of the enzyme in ejaculated spermatozoa has been reported. This study was designed to study the
kinetic parameters of arginase of spermatozoa of infertile men. Spermatozoa arginase activity was measured by
determining levels of urea production. Kinetic analysis of the enzyme reaction was performed in a standard incubation
system with modified physical and chemical characteristics or the respective components (the substrate concentration,
Mn®" concentration, incubation time and protein content). Pathobiochemical and kinetic properties of sperm arginase
obtained from human normozoo- and pathospermic samples were compared. The maximum rate of L-arginine hydrolysis
(detrermined by L-arginine) for arginase of spermatozoa obtained from men with preserved fertility was 2.0, 1.8 and
1.9 times greater than this value for oligo-, astheno- and oligoasthenozoospermic samples respectively. However, affinity
constants for L-arginine was not significantly different between fertile and infertile men. The maximum rate of L-arginine
hydrolysis (deretmined by Mn™") for arginase of spermatozoa obtained from men with preserved fertility was 1.6, 1.7 and
1.7 times greater than this value for oligo-, astheno- and oligoasthenozoospermic samples respectively. However, affinity
constants for Mn”" were not significantly different between fertile and infertile men. In the whole range of time, the urea
production by arginase in sperm cells obtained from oligozoospermic samples is much lower compared to value in healthy
donors. The results of kinetic analysis indicate that urea production by arginase is much more intense in the control group
than in patients with various forms of pathospermia. The initial (instantaneous) reaction rate of arginase reaction was
lower for oligozoospermic samples compared to normozoospermic samples. It has been found that inhibition of arginase
activity in sperm cells of infertile men occurs by non-competitive type and was related to marked decrease in maximum
reaction rate while affinity of arginase to L-arginine and Mn*" was unaffected.

Keywords: arginase activity; L-arginine; enzyme inhibition; spermatozoa; pathospermia

Introduction

Infertility is an important worldwide socio-demographic and
medical-biological problem for most developed countries. It affects 10—
15% of couples globally and approximately up to 40-50% of infertility
is caused by the male factor (Agarwal et al., 2015; Luc et al., 2015).
According to the trends observed, the problem of male infertility is
predicted to increase (Winters et al., 2014). Nowadays the role of NO in
the development of male infertility is actively studied. It is a crucial
biological messenger involved in a variety of physiological and patho-
physiological processes in different cells, including spermatozoa. Dis-
turbances in the NO-signaling system are considered as key pathogenetic
links in the development of male infertility (Kullisaar et al., 2013).

Arginase (EC 3.5.3.1) is a manganese metalloenzyme which con-
verts L-arginine to L-ornithine and urea and reciprocally regulates NO
production by competing with NO-synthase for common substarte (L-
arginine) (Vanhoutte et al., 2008; Venkatakrishnan et al., 2010). Two
isoforms of arginase exist in mammals. Arginase I (cytosolic form) is
expressed in hepatocytes and is thought to be primarily involved in
ureagenesis, whereas arginase II (mitochondrial form) is expressed ext-
rahepatical tissues. Type II arginase plays an important role in regula-
ting the nitric oxide production and is involved in the biosynthesis of
polyamines and aminoacids. Also, arginase plays an important role in

regulating the cellular synthesis of NO and modifies its biological ef-
fects (Mori et al., 2007).

Data regarding arginase activity (expression) in the sperm cells of
infertile men are limited (Hadwan et al., 2014). Arginase II-deficient
mice show a reduction in fertility (Stephen et al., 2004). We have de-
monstrated previously inhibition of the arginase pathway of the L-argi-
nine metabolism, which was not significantly dependent on the type of
disruption of spermatogenesis (Fafula et al., 2016). Arginase activity
was detected not only in spermatozoa, bu also in seminal plasma.
A positive correlation has been shown between arginase activity and se-
men volume, semen mass activity, sperm motility and sperm concentra-
tion (Glir et al., 2012). It was found that plasma arginase activity was
significantly lower than in the non-stress situation and during stress
there was a negative correlation between the percentage of rapid pro-
gressive motility and arginase activity (Eskiocak et al., 2006). Similar
relationships between the plasma arginase activity and the sperm
concentration and sperm motility were detected in sheep and bulls (Giir
et al,, 2012; Tiirk et al.,, 2011). Although arginase activity has usually
been detected in the reproductive tract, including spermatozoa, no data
relating to the kinetic properties of enzyme in ejaculated spermatozoa
has been reported. Therefore, this study was designed to study the kine-
tic parameters of arginase of spermatozoa of infertile men.
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Materials and methods

Subjects. This study involved 16 infertile men with different forms
of pathospermia. A detailed medical history was compiled for all
studied cases. Exclusion criteria: subjects currently on any medication
or antioxidant supplementation were not included. In addition, subjects
with infertility lasting over 10 years, azoospermia, testicular varicocele,
genital infection, chronic illness and serious systemic diseases, smokers
and alcoholic men were excluded from the study because of their well-
known high seminal reactive oxygen species levels and decreased
antioxidant activity (Atig et al., 2012).

Ejaculates from a 16 infertile and 10 fertile healthy individuals were
obtained. Infertile men were age-matched to fertile control cases.
Subjects were classified into three groups as having different forms of
pathospermia (oligozoospermia, asthenozoospermia, oligoasthenozoo-
spermia). Semen samples of fertile men represent the control group,
which consisted of 10 healthy men with somatic fertility, normozoo-
spermia and confirmed parenthood (married for 3—-10 years and have
healthy 1-3 children). Semen samples were obtained by masturbation
and collected into sterile containers, following 3-5 days’ abstinence
from sexual activity. After liquefaction at 37 °C with 5% CO, in air,
semen samples were examined for volume, sperm concentration, pH,
morphology and motility according to the World Health Organization
guidelines (WHO Laboratory Manual for the Examination and
processing of Human Semen, 2010).

Ethical approval. Before becoming involved in the study, all the
men were made aware of patient information leaflets and gave informed
consent to participate in research. Terms of sample selection meet the
requirements of the principles of Helsinki Declaration on Pprotection of
Human Rights, Convention of Europe Council on Human Rights and
Biomedicine and the provisions of laws of Ukraine. Approval for the
study was taken from the Ethics Committee of Danylo Halytsky Lviv
National Medical University. All patients and healthy donors gave
written informed consent to participate in the research (Ethical
Committee Approval, protocol No 6 from March 29, 2017).

Cell preparation. Sperm cells were washed from semen plasma
by 3 times centrifugation at 3000 g for 10 min in media which
contained (mM): 120 NaCl, 30 KCl, 30 Hepes (pH 7.4). The content of
total protein in the samples was determined by Lowry method (Lowry
et al., 1951) using a kit to determine its concentration (“Simko Ltd”).
Determination of arginase activities was carried out in permeabilized
spermatozoa. The detergent saponin in a final concentration of 0.5%
was added to sperm suspension for permeabilization of sperm
membranes.

Arginase activity assay. Spermatozoa arginase activity was
measured by determining levels of urea production. Briefly, incubation
media of the following composition (mmol/ml): L-arginine — 100,
MnCl, — 2, Tris-HCl — 20 (pH 9.5) was used. The protein concentration
usually did not exceed 50-100 mg. The mixture was incubated at 37 °C
for 90 min, and the reaction was stopped by adding 1 ml 50%
trichloroacetic acid. After centrifugation, the urea was determined in the
supernatant spectrophotometrically by measuring absorbance at 520 nm
according to the assay kit “Simko Ltd”. Arginase activity was expressed
as nmol urea per min per mg protein.

Kinetic analysis. Kinetic analysis of the enzyme reaction was
performed in a standard incubation system (as described above) with
modified physical and chemical characteristics or the respective com-
ponents (the substrate concentration, Mn”" concentration, incubation
time and protein content). The apparent affinity constant for L-arginine
(KL-Arg) and maximum reaction rate (V) were determined by
Lineweaver-Burk plot {1/V; 1/[S]}. The dynamics of urea production
in arginase reaction in sperm cells of fertile and infertile men were
determined according to the paper (Kosterin et al., 1987). The kinetic
parameters characterizing arginase reaction — the initial (instantaneous)
reaction rate (Vy), maximum amount of the reaction product (P,,,) and
characteristic reaction time (time half saturation) T were determined in
coordinates {P/t; P}.

Statistical analyses. The data are expressed as means + standard
error (M+SE). One-way ANOVA was performed to detect statistical

significance. Differences with P < 0.05 were considered as significant.
Kinetic and statistical calculations were carried out using the software
MS Office computer programs. The equation of the straight line that
approximates the experimental data the best was calculated by method
of least squares. The absolute value of the correlation coefficient r was
from 0.80 to 0.95.

Results

Pathobiochemical and kinetic properties of sperm arginase obtained
from human normozoo- and pathospermic samples were compared.
Different methodological approaches (studies on purified enzymes,
isolated subcellular structures, on whole cells or on homogenates) are
used for studying arginase activity. Enzymes might be in latent state and
inaccessible to substrates in whole cells. Therefore, testing their
activities is possible after prior disturbance of integrality of spermal
membranes. This can be achieved by introducing a substance leading to
perforation of plasma membranes (detergent) in the incubation medium.
Using a suspension cells pretreated with detergent (saponin) is an
adequate model for correct testing of arginase activity. Under these
conditions the natural interrelation of intracellular structures is obeyed.

Kinetic analysis of arginase activity on L-arginine concentration.
Since arginase is an enzyme that hydrolyzes L-arginine, changes in its
concentration in the incubation medium affect the rate of arginase
reaction. The dependence of the arginase activity on the substrate
concentration in the incubation medium was determined by the
apparent affinity constant to the substrate KL-Arg. For its determination
L-arginine was added to the incubation medium in concentrations
ranging from 10 to 150 mM (at constant concentration of MnCl, —
2 mM). We observed a monotonic increase in the enzyme activity of
sperm cells obtained from both normo- and pathozoospermic samples
reaching a plateau at 100 mM (Fig. 1). As can be seen from Fig. 1 the
arginase activity in pathozoospermic samples was reduced in compa-
rison with normozoospermic samples in the whole range of L-arginine
concentrations. However, the maximal arginase activity was observed
in presence of 100 mM L-arginine in incubation medium for both
normo- and pathozoospermic samples.
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Fig. 1. Dose-dependent effect of extracellular L-arginine
concentration on arginase activity in sperm cells of fertile and infertile
men (x + SE, n=6-8)

In order to elucidate the possible mechanism of change in arginase
activity in patients with oligo- and asthenozoospermia, the main kinetic
parameters of L-arginine hydrolysis were determined in Lineweaver-
Burk plot (Fig. 2).

As can be seen, the concentration curves {1/S]; 1/[V]} differ by
angle of inclination for normo- and pathozoospermic patients. The main
kinetic parameters of arginase of sperm cells of fertile and infertile men
are presented in Table 1.
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Fig. 2. Linearization of concentration curves represented on Fig. 1
in Lineweaver-Burk plot (n = 6-8; r>0.80)

Table 1
Kinetic parameters of arginase in sperm cells of fertile and infertile men
determined by L-arginine (x = SE, n= 6-8)

Normozoo- Pathozoospermic men
Kinetic parameters . oligozoo- asthenozoo-  oligoastheno-
spermic men . . .
spermia spermia zoospermia
Ki A mM 210+1.8 208+26 238+£15 242420
Vimonmolureaper o) ¢, o) 3774366 416£39%  402+42¢
min per mg protein

Note: * —P <0.001 compared to normozoospermic men (with preserved fertility).

The data in Table 1 show that the maximum rate of L-arginine
hydrolysis for arginase of spermatozoa obtained from men with
preserved fertility was 2.0, 1.8 and 1.9 times greater than this value for
oligo-, astheno- and oligoasthenozoospermic samples respectively.
However, affinity constants for L-arginine were not significantly differ-
rent between fertile and infertile men. Thus, in patients with oligo-,
astheno- and oligoasthenozoospermiza, the inhibition of arginase active-
ty in sperm cells occurs by noncompetitive type, by reducing the
reaction rate (value of Vmax decreases).

Kinetic analysis of arginase activity on Mn** concentration.
Since arginase activity is Mn?"-dependent enzyme, the changes in the
Mn?" concentration in the incubation medium affect the rate of arginase
reaction. To determine the influence of Mn®" fons on arginase activity,
Mn?" ions at varying concentrations (at constant concentration of
L-arginine — 100 mM) were added during preincubation (Fig. 3). While
preincubation with a Mn®" concentration of 34 mM fully activated
sperm arginase of human pathospermic samples, a Mn** concentration
of 2 mM fully activated that of normozoospermic samples.

In order to elucidate the possible mechanism of change in arginase
activity in patients with oligo- and asthenozoospermia the main kinetic
parameters of L-arginine hydrolysis were determined in Lineweaver-
Burk plot (Fig. 4).

The main kinetic parameters arginase of sperm cells of fertile and
infertile men are presented in Table 2.

Table 2
Kinetic parameters of arginase in sperm cells of fertile
and infertile men determined by Mn?" (x + SE, n=6-8)

Normozoo- Pathozoospermic men
Kinetic parameters . oligozoo- asthenozoo  oligoastheno-
spermic men . . .
spermia _ spermia _ zoospermia
Ko+, mM 1.3+£04 25+08 15%05 2.1+£0.7
Voo MOIWICAPETMIN g0 9 4 105 550458+ 523492% 535462+
per mg protein

Note: see Table 1.

Data in Table 2 show that the maximum rate of L-arginine hydroly-
sis for arginase of spermatozoa obtained from men with preserved
fertility was 1.6, 1.7 and 1.7 times greater than this value for oligo-,
astheno- and oligoasthenozoospermic samples respectively. However,
affinity constants for Mn*" were not significantly different between fer-
tile and infertile men. Thus, in patients with oligo- and asthenozoosper-
miza, the inhibition of arginase activity in sperm cells occurs by non-
competitive type, by reducing the reaction rate (value of V. decreases
significantly).
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Fig. 3. Dose-dependent effect of extracellular Mn®" concentration
on arginase activity in sperm cells of fertile and infertile men
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Fig. 4. Linearization of concentration curves represented
on Fig. 3 in Lineweaver-Burk plot (n=6-8; r> 0.85)

Kinetic analysis of arginase reaction on time. The kinetics of
urea production in arginase reaction was examined. Suspension of sper-
matozoa was incubated in the standard incubation medium (concentra-
tions (at constant concentration of L-arginine — 100 mM and MnCl, —
2mM) for different periods of time (0150 min). These experiments
show that kinetics of arginase reaction by saponin-permeabilized
spermatozoa is reflected by curves which tend to saturation (Fig. 5).
Analysis of the results shows that kinetics of urea production by
arginase is consistent with the first-order reaction in the range 060 min.
In this time interval the dependence of urea production on the incuba-
tion period is almost linear.
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As can be seen from Fig. 5 in the whole range of time, the urea
production by arginase in sperm cells obtained from oligozoospermic
samples is much lower compared to the value in healthy donors. From
linearization of the curves in the coordinates {P/t; P} it can be seen that
maximum amount of urea production by arginase in normozoospermic
samples exceeds this value in infertile men (Fig. 6). The dynamics of
urea production in arginase reaction and its linearization in the
coordinates {P/t; P} for astheno- and oligoasthenozoospermic patients
had an identical character (not represented in this article).
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Fig. 5. Dynamics of urea production in arginase reaction
in sperm cells of fertile and infertile men (x + SE, n = 6-8)
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Fig. 6. Linearization of concentration curves represented
on Fig. 5 in coordinates [P/t; P] (n=6-8; r>0.80)

By linearization of the data in the coordinates P/t on P the main
kinetic characteristics of arginase reaction in sperm cells of fertile and
infertile men were calculated (Table 3).

Table 3
Kinetic parameters of arginase in sperm cells of fertile
and infertile men determined by time of incubation (x = SE, n=6-8)

Normozoo Pathozoospermic men
Kinetic parameters ~ spermic  oligozoo-  asthenozoo- oligoastheno-
men spermia spermia zoospermia

Vo, nmol urea per 774+ 355+ 375+ 338+
min per mg protein 19 1.9 ##* 4.9 ** 6.0 **
P\, N0l Urea per 15995+ 10408 + 11544+ 11250+
mg protein 928 1047+ 1156* 960*
* min 2074+ 2917+ 3226+ 2985+

§ 16.8 15.8* 61.8 160 *

Note: * —P <0.05, ** —P <0.01, *** — P <0.001 compared to normozoospermic
men (with preserved fertility).

The maximum instantaneous rate of arginase reaction for spermato-
zoa obtained from men with preserved fertility was 2.2, 2.0 and
2.3 times greater than this value for oligo-, astheno- and oligoastheno-
zoospermic samples respectively. Maximum amount of reaction pro-
duct (urea) in the control group exceeds this value in patients with all
forms of pathospermia by 1.4-1.5 times. The results of kinetic analysis
indicate that urea production by arginase is much more intense in the
control group than in patients with various forms of pathospermia. The
characteristic reaction time (time half saturation) of arginase reaction for
spermatozoa obtained from men with preserved fertility was 1.4—
1.5 times lower than this value for pathospermic samples.

Kinetic analysis of arginase activity on protein concentration.
Taking into account that enzyme activity depends on the protein content
in incubation medium, the arginase reaction was initiated by adding
protein with concentrations ranging from 25 to 150 pg/ml in suspension
of sperm cells (Fig. 7). It was found that a gradual increase in sperm
protein concentration in the incubation medium led to an increase in V,
of arginase reaction. The V, of arginase reaction was lower for oligo-
zoospermic samples compared to normozoospermic samples. The de-
pendence of the urea production on the protein content in incubation
medium has the same character for astheno- and oligoasthenozoo-
spermic samples (not represented in this article).
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Fig. 7. Dependence of the initial rate of arginase reaction in sperm cells
of fertile and infertile men on protein content (x + SE, n = 6-8)

Discussion

Nitric oxide is a biological molecule which is involved in many
physiological functions and pathophysiological outcomes (Bonavida
etal,, 2006). Several data suggest a crucial role of NO in sperm cell
physiology. Altered NO production has been implicated in the patho-
genesis of the male infertility (Kullisaar et al., 2013). Overproduction of
NO can lead to oxidative and nitrosative stress and may have a potential
pathogenetic implication in the reduction of sperm motility (Balercia
etal., 2004).

Since arginase is an arginine-depleting enzyme, it affects NOS
activity and regulates NO production. This regulatory mechanism is
realized by reducing L-arginine availability for NOS to produce NO
(Racke et al., 2010). The proper balance between NOS and arginase
activity (expression) is essential for maintenance of NO homeostasis
(Porro et al., 2014). Therefore, study of arginase activity and its kineric
properties may have important clinical significance.

Previously, the arginase activity in sperm cells obtained from fertile
and infertile men has been reported by our laboratory. We have found
an inhibition of arginase pathway of L-arginine metabolism, which was
not significantly dependent on the type of disruption of spermatogenesis

Regul. Mech. Biosyst., 9(1) 83



(Fafula et al., 2016). We found an inhibition of arginase pathway of
L-arginine metabolism, which is not significantly dependent on the type
of disruption of spermatogenesis (Kullisaar et al., 2013). We also have
shown that in patients with decreased fertility potential the arginase /
NOS ratio was shifted towards predominance of iNOS-derived NO
production (Fafula et al., 2018). In this study, we investigated the kinetic
parameters of arginase of spermatozoa of infertile men. Obtained values
of affinity contant were in millimolar range which in agreement with
other studies (Dillon et al., 2002). However, kinetic parameters of
enzyme were determined in a closed system with isolated enzymes and
do not take into account enzyme coupling, non-freely diffusible
substrate pools, intracellular localization of the enzymes and substrate
transporter expression and activity, diffusion gradients, and potential
sequestration (Shen et al., 2005; Topal et al., 2006; Jiang et al., 2011).
Inthe present study we used permeablized sperm cells in which
functioning of enzyme correspond to intact cells.

There are some limitations in the present study. Firstly, our control
group (normozoospermic men with proven fertility) and pathospermic
patients contained a highly heterogeneous population, with large varia-
tions in spermogram parameters and infertility histories. Secondly, it is
therefore essential to validate our findings with greater sample sizes and
to determine the disease specificity (secretory or excretory infertility,
varicocele or others) by comparing spermogram parameters. Neverthe-
less, the present study extends previous work and provides further evi-
dence of altered L-arginine metabolism in sperm cells in pathospermia.

Conclusions

It has been found that inhibition of arginase activity in sperm cells
of infertile men occurred by non-competitive type and was related to
marked decrease in maximum reaction rate while affinity of arginase to
L-arginine and Mn** was unaffected.

The publication contains the results of studies conducted under the President of
Ukraine grant for competitive projects (project No ©63/97-2016 from 10.08.2016
“Molecular biological regulatory mechanisms of disturbance of fertilizing ability
spermatozoa and the development of new immuno-biochemical diagnostic
methods of fertility in men” of the State Fund for Fundamental Research
(The President's Order No 97/2016-pn dated: April 13, 2016).
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Introduction

Barylyak, R. V., Iefremova, U. P., Onufiovych, O. K., Melnyk, O. V., Vorobets, D. Z., & Vorobets, Z. D. (2018).
Characterization of Ca’',Mg’*-ATPase of blood lymphocytes in women with ovarian cancer. Regulatory
Mechanisms in Biosystems, 9(1), 85-89. doi: 10.15421/021812

Tonized Ca®" is crucial for regulation of practically all intracellular processes, including tumor growth, cell
proliferation, apoptosis, etc. The plasma membrane Ca’ ,Mg*'-ATPase plays an important role in maintaining
intracellular Ca** homeostasis. The function of this enzyme is to reduce the Ca®" concentration in the cytosol, namely
its transport against a concentration gradient in the extracellular medium. We have investigated the activity of plasma
membrane Ca”",Mg”"-ATPase of lymphocytes of practically (clinically) healthy women of different age groups and
also patients with ovarian cancer stage III and IV. It was found that the enzyme activity in women of the older age
group was not significantly reduced in relation to the activity of the younger age group. Thus, the value of the
maximum rate of ATP hydrolysis by plasma membrane Ca>*Mg®"-ATPase of blood lymphocytes in practically healthy
women under the conditions of physiological norm was 1.1 times higher than under of pre-nosological state. In patients
with ovarian cancer (stages III and IV), plasma membrane Ca’" Mg*-ATPase activity of blood lymphocytes
significantly differed from the physiological norm and decreased by 1.6 and 1.8 times, compared with the physiological
norm. The decrease of the plasma membrane Ca>* Mg®"-ATPase activity of blood lymphocytes in patients with ovarian
cancer indicates an increase of Ca’* in the cytosol of lymphocytes. Determination of affinity constants showed that
these values were in the submillimolar range of concentration, corresponding to the physiological concentration in the
cell cytoplasm (0.5-5.0 mM). In healthy persons, under the condition of physiological norm, the affinity constant of
plasma membrane Ca®,Mg**-ATPase to the ATP was 0.16 + 0.02 mM and at pre-nosological state — 0.19 £ 0.02 mM.
The affinity constant of plasma membrane Ca®",Mg*"-ATPase of lymphocytes to ATP in patients with ovarian cancer
(stage 1II) was 0.32 + 0.03 mM and with ovarian cancer (stage IV) 0.35 + 0.03 mM. That is, the affinity constant of
plasma membrane Ca®*,Mg**-ATPase of lymphocytes to ATP in patients with ovarian cancer was 2.0-2.1 times higher
than this value for the blood lymphocytes in the control group (physiological norm). The kinetic analysis of Ca’'-
activated, Mg”'-dependent hydrolysis of ATP in blood lymphocytes in women showed that the decrease in the activity
of Ca>" Mg”"-ATPase was due to a decrease in the affinity of the enzyme to the substrate (KATP increases 2-fold).

Keywords: plasma membrane; Ca”-ions; ATPase activity; ATP hydrolysis rate; affinity constant; Ca**-pump; lymphocytes

Therefore, an important direction in physiological, biochemical and
other biomedical investigations is the elucidation of mechanisms regu-

It is known that ovarian cancer (OC) occupies a leading place
among the causes of mortality from malignant formations (Howlader
etal., 2013). Specifically, according to the International Agency for Re-
search of Cancer, more than 165,000 newly diagnosed cases of ovarian
cancer are reported annually in the world. It is the cause of death of
more than 100,000 women (Howlader et al., 2013).

Ovarian cancer refers to severe pathology of the female reproduc-
tive system (Buys et al.,, 2011; Paryzhak et al., 2014). This pathology
manifests itself especially through its high ability to proliferate and
metastasize, which determines the clinical course of the disease
(Paryzhak et al., 2014; Vovchuk, 2014). It is widely studied with the
aim of both improving the methods of diagnosis and detection of the
tumor process in the early stages, as well as optimizing the treatment
based on modern ideas about its pathogenesis. Probably, the violation of
proliferative processes and the development of OC is preceded by a pre-
nosological state that is clinically asymptomatic. Data from the literature
show that the greater the age of a woman, the greater the probability of
developing ovarian cancer (Markman et al., 2004; Lukianova et al.,
2006; Vovchuk, 2014; Yakubets et al., 2016).

lating the functioning of the cell both in practically healthy individuals
and those with pathological conditions (Radchenko, 2004; Gzhegotsky
et al., 2008). However, the limits of the majority of physiological pro-
cesses in practically healthy individuals are quite broad and can
conditionally correspond to both the physiological norm and the pre-
nosological state (Radchenko, 2004; Gzhegotsky et al., 2008; Yakubets
et al,, 2016). It is believed that the state of the physiological norm is
characterized by the balance of the work of many regulatory and
functional systems of the body, while in the pre-nosological state, the
mobilization of functional resources and the tension of regulatory
systems is necessary (Gzhegotsky et al., 2008). In this regard, the recog-
nition of intermediate, that is, prenosological states preceding nosolo-
gical-definite forms of diseases is a highly topical issue. Often the term
"practically (clinically) healthy" corresponds to clinically asymptomatic
conditions at the border of norm and pathology, which may require
preventive correction (Radchenko, 2004; Gzhegotsky et al., 2008).
Currently, there are no clear criteria to differentiate between the
state of the physiological norm and the pre-nosological state, which
makes it difficult to use them in medical and biological research and in
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clinics. To identify the earliest preclinical stages of pathological
processes, study of cellular regulatory systems and the search for new
biochemical and other markers is carried out. In this aspect, the role of
Ca*" fons as a universal intracellular messenger in the regulation of cel-
lular functions is indisputable (Feske, 2007; Monteith et al., 2007;
Bergner et al., 2008; Monteith et al., 2012; Pinto et al., 2015; Dang et al.,
2016; Padanyi et al., 2016; Peters et al., 2016; Monteith et al., 2017).

Specifically, Ca*" is one of the major determinants of invasiveness
and metastatic potential of transformed cells (Feske, 2007, Monteith
etal, 2007; Paryzhak et al., 2014). It regulates the transcription of
genes, metabolism, proliferation, apoptosis, etc. Malignant growth is
accompanied by increased proliferation and decreased apoptosis.
Therefore, in the study of tumor growth, it is particularly important to
study the Ca”" homeostasis. The increase in Ca>* concentration in the
cytoplasm is the result of its transport from the extracellular medium
and release from the intracellular stores. Two main structures involved
in maintaining and controlling intracellular Ca®" homeostasis are plasma
membrane  Ca’*Mg?-ATPase and Ca’*Mg*-ATPase of the
endoplasmic reticulum (Monteith et al., 2007; Bergner et al., 2008;
Monteith et al., 2012; Padanyi et al., 2016).

On the other hand, it is known that T-lymphocytes play a central
role in the antitumor protection of the body. They carry out antitumor
protection by destroying cancer cells, as well as synthesizing substances
that activate other cells in the immune system. Some T-lymphocytes kill
cancer cells (T-killers). Others cells help the latter kill cancer cells
(T-helpers). It is believed that the presence or absence of certain groups
of T-lymphocytes, is associated with important differences in the
prediction of the development of ovarian cancer in patients (Gavalas
etal., 2010; Knutson et al., 2015; Krishnan et al., 2017).

Also, peripheral blood lymphocytes can serve as an adequate
model for studying pre-nosological conditions and the development of
ovarian cancer and objectively reflect changes of the genetic and
metabolic homeostasis of an organism (Davtian et al., 2001; Krishnan
etal,, 2017). That is, they can be test systems for study of regulatory
mechanisms of the cell, in particular Ca®"-transporting systems for
ovarian cancer. Thus, in spite of existing research, which is devoted to
pre-nosological states, different age aspects, the functioning of blood
lymphocytes of different age groups and so on, the role of a number of
regulatory systems, in particular, ATP-hydrolase in both practically
healthy individuals and in neoplastic transformations of organs and
tissues, still remains unclear.

The purpose of present work was to determine the activity and
characterize the kinetic properties of plasma membrane Ca’",Mg>"
ATPases of blood lymphocytes in practically healthy women of diffe-
rent age groups and in women with ovarian cancer.

Materials and methods

Patients. The research was ccarried out on blood lymphocytes
isolated from practically healthy women and patients with neoplastic
changes in the ovary. The total number of practically (clinically) healthy
women, representative by age (mean age 53.8 + 5.4 years) was 44 per-
sons. This group was formed from volunteers from among the
employees of Danylo Halytsky Lviv National Medical University and
also of the employees of the Lviv State Regional Oncology Treatment
and Diagnostic Center. In turn, a group of practically healthy women
was conditionally divided into two subgroups: FN (26 people, 20—
40 years old, physiological norm) and PS (18 people, 41-60 years old,
pre-nozological state). Such a conditional division was based on the fact
that with increasing age of women, the probability of ovarian cancer
increases and the concentration of the tumor marker CA-125 increases
in the blood (Yakubets et al., 2016).

The group of women with neoplastic ovarian changes was 32 wo-
men aged 24-75 years (average age 554 + 5.3 years) who were
receiving inpatient treatment at the Lviv Regional State Oncology
Treatment and Diagnostic Center in the period 2013-2017 and passed
the complete clinical and laboratory diagnostic. The study included
patients with an established diagnosis of ovarian cancer without the
presence of concomitant diseases at the start of the study.

The research group was divided into two subgroups, depending on
the stage of development of ovarian cancer: OC 1 — the patients with
III stage of ovarian cancer, a tumor is distributed on one or two ovaries
and gives metastases on the peritoneum beyond the pelvis (or meta-
stases in retroperitoneal lymph nodes) (n = 22); OC 2 — the patients with
IV stage of ovarian cancer, a tumor is extended on one or two ovaries
with distant metastases (n = 10).

Appropriate diagnoses were established on the basis of a wide
range of general-clinical, laboratory, special oncology, instrumental
research methods. In addition, for the differentiation of practically
healthy women and diagnosis of ovarian cancer, the level of the tumor
marker of glycoprotein CA-125 in blood serum was determined
(Paryzhak et al., 2014; Yakubets et al., 2016). All patients with ovarian
cancer and practically healthy persons were well informed about the
purpose, tasks and term of the study and provided written informed con-
sent to participate in conducting research on blood samples. All patients
and healthy donors gave written informed consent to participate in
research (Ethical Committee Approval, protocol No 4, April 18, 2016).

Cell preparation. Blood sampling by means of venipuncture was
carried out from the elbow vein in the morning hours under conditions
of physiological rest, on an empty stomach, in a quantity of 20 ml in test
tubes, and stabilized with heparin (final dilution 1 : 100). Whole blood
diluted in the ratio 1 : 1 by physiological solution was layered in a den-
sity gradient of the ficol triambraust (p = 1.08 g/em’) and centrifuged
for 20 min at 500 g. The removed interphase rings of mononuclear cells
were washed twice within 10 min with a physiological solution
(Boyum, 1968; Pidkovka et al., 2002). After the last centrifugation, a
small amount of saline solution was added to the precipitate,
resuspended and using a trypan blue, the count of the number of live
and dead cells in the Goryaev cell (Mishell, 1980) was measured. The
integrity and viability of blood lymphocytes in all researches was not
less than 95%.

For permeabilization of blood lymphocyte membranes and disclo-
sure of enzyme latent activity, saponin was added to the suspension.
This technique is based on work previously performed on lymphocytes.
Blood lymphocytes were incubated for 10 min at moderate shaking in a
solution containing saponin at a concentration of 0.2% (optimal concen-
tration) (Pidkovka et al., 2002; Vorobets et al., 2006; Fafula et al., 2011).

Assay of Ca>",Mg”'-ATPase activity. Ca>"Mg*'-ATPase activity
of blood lymphocytes was determined by registering the process of
ATP hydrolysis by accumulation of inorganic phospahate (P;). The
determination of the total Ca>",Mg*'-ATPase activity of blood lympho-
cytes was carried out at 37 °C in an incubation medium (volume — 1 ml)
of the following composition (mM): 150 KCl, 0.05 CaCl,, 5 MgCl1,,
5 ATP, 1 NaNO; (mitochondrial ATPase inhibitor); 1 ouabain (inhibitor
Na' K'-ATPase) (Pidkovka et al., 2002; Fafula et al., 2011), 20 Hepes-
Tris buffer (pH = 7.4). For division the total Ca*,Mg*'-ATPase activity
into components: thapsigargin-insensitive plasma membrane Ca** Mg?'-
ATPase and thapsigargin-sensitive Ca”Mg*'-ATPase membranes of
the endoplasmmic reticulum (EPR) the inhibitor an Ca*,Mg*'-ATPase
EPR-thapsigargin (0.1 M) was added to the standard Ca*>" and Mg**-
containing incubation medium.

Plasma membrane Ca’’ Mg”-ATPase was calculated as the
difference between total Ca®*Mg®*-ATPase activity and Ca®*Mg**-
ATPase activity in the presence of thapsigargin. Ca>",Mg*"-ATPase
activity was expressed in pmoles of P for 1 min per 1 mg of protein.

The kinetic parameters characterizing the Ca**-activated Mg*'-
dependent ATP-hydrolysis — the affinity constant (KATP) and the
maximum rate of ATP hydrolysis determined by ATP (VATP) were
calculated by the Lineweaver-Burk plot. The resulting concentration
dependences of the rate of ATP-hydrolysis reaction on the substrates of
reaction were plotted in the coordinates: {1/V; 1/[S]}, where S is the
substrate concentration and V is the rate of enzymatic hydrolysis of
ATP at a given concentration of the substrate.

Results

It is known that Ca*,Mg*"-ATPase transport Ca" ions across the
membrane against their electrochemical gradient. This process is conju-
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gated with ATP hydrolysis. Ca**Mg*"-ATPase of blood lymphocytes
has been demonstrated by researchers earlier (Pidkovka etal., 2002;
Vorobets et al., 2006; Fafula et al., 2011). The physiological role of this
enzymatic system in the regulation of Ca**-homeostasis of the cell is
determined by its high affinity to the substrate of transporting, which is
Ca* (Fafula etal., 2011; Padanyi et al., 2016).

Disturbances of the activity of Ca**-dependent ATP-hydrolysis
systems indicate structural and functional changes in biological mem-
branes in the development of pathological processes. Changes in the
activity of these systems of the cell lead to the redistribution of ions
between the cytoplasm and the extra-cellular medium, changes in cell
membrane potential. With growth of tumor, disturbances of the functio-
nal activity of the membrane-bound enzymatic systems acquires a gene-
ral (systemic) character (Monteith et al., 2012; Pinto et al., 2015;
Padanyi et al., 2016; Peters et al., 2016).

As a result of the performed studies, it was found that plasma
membrane Ca®*Mg>-ATPase activity of lymphocytes in practically
healthy women aged 2040 years (FN) was 297 £ 026 pmol
Py/min'mg of protein (Fig. 1).
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Fig. 1. Plasma membrane Ca*, Mg?*-ATPase activity
of blood lymphocytes of women at the physiological norm (FN),
pre-nosological state (PS), in patients with ovarian cancer III (OC1)
and IV (OC2) stages: X £+ m,n=_8-12; * —P <0.05
compared to physiological norm

In practically healthy women 40-60 years old (PS) this value was
2.61 + 0.25 pmol Pyminemg of protein. In patients with OC (Stages III
and IV), plasma membrane Ca’>" Mg?*-ATPase activity of blood lym-
phocytes significantly differed from the physiological norm and was
1.83 £0.14 and 1.62 + 0.14 pmol Pymin*mg of protein. Enzyme activi-
ty decreased by 1.6 and 1.8 times, respectively (P < 0.05), compared
with the physiological norm.

The decrease of the plasma membrane Ca>* Mg?"-ATPase activity
of blood lymphocytes in patients with OC indicates the increase in
[Ca®"]; in the cytosol of lymphocytes. Ca®" Mg?'-ATPase and Na"K'-
ATPase use the energy of ATP hydrolysis to transport ions against their
electrochemical gradient. Therefore, changes in the ATP concentration
in the incubation medium will affect the rate of ATP hydrolysis.

The dependence of Ca®* Mg*-ATPase activity on the substrate
concentration (ATP) in the incubation medium was determined by the
affinity constant to the substrate (KATP). It was calculated by
determining the plasma membrane Ca®* Mg?"-ATPase activity in the
incubation medium which contained the substrate in the concentration
range from 1 to 5 mM (with a constant concentration of Ca?" ions —
0.05 mM and Mg?" ions — 5 mM).

It was shown that an increase in the ATP concentration in an incu-

Activity, ol P,/ min mg protein

bation medium in the range from 1.0 to 4.0 mM leads to a gradual
increase in plasma membrane Ca®*,Mg*'-ATPase activity of blood lym-
phocytes of practically healthy persons reaching a plateau (Fig. 2).
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Fig. 2. Dependence of plasma membrane Ca?* Mg*'-ATPase activity
of blood lymphocytes of women at the physiological norm (FN),
pre-nosological state (PS), patients with ovarian cancer III (OC1)
and IV (OC2) stages on the ATP concentration
in the incubation medium (X = m, n = 8-12)

The maximum values of the hydrolase activity of plasma membra-
ne Ca®,Mg*'-ATPase of the blood lymphocytes in healthy subjects and
in patients with OC were noted at 4 mM ATP in the incubation
medium. The study of the concentration dependence of Ca?" Mg*"-
ATPase activity on ATP shows that the activity of plasma membrane
Ca® Mg*-ATPases in patients with OC was decreased in comparison
with control groups throughout the range of studied concentrations of
the substrate.

For clarification of possible mechanisms of changes in plasma
membrane Ca®* Mg?"-ATPase activity, the main kinetic parameters of
ATP hydrolysis in immunocompetent cells in healthy persons and
patients with OC were determined (Fig. 3). The dependence curves
(1/V; 1[ATPY)) differ by angle of inclination for physiological norm and
patients with ovarian cancer. Curves (1/V; 1/[S]) at the normal physio-
logical state and at pathology cross the X and Y axes at different points.
This dependence corresponds to a mixed type of inhibition of the enzyme.

To determine the main kinetic parameters of ATP hydrolysis with
the participation of plasma membrane Ca’" Mg>*-ATPase of blood
lymphocytes in patients with OC and the elucidation of the possible
mechanism of enzymatic activity change, the curves of concentration
dependences were linearized in the Lineweaver-Burk plot.

It was established that the values of the maximum rate of ATP
hydrolysis by plasma membrane Ca** Mg**-ATPase of blood lympho-
cytes of practically healthy women in the conditions of FN was 3.02 +
0.26 and in the conditions of PS 2.76 + 0.22 pmol P/min*mg of protein
(Table 1). The maximum rate of ATP hydrolysis by plasma membrane
Ca** Mg?"-ATPase of lymphocytes in patients with OC of III stage was
1.95 £0.20 and IV stage 1.77 £ 0.15 pmol Pyminemg of protein. It can
be seen that the maximum rate of ATP hydrolysis by Ca*’ Mg
ATPase of blood lymphocytes in patients with OC of both stages and
controls group was different and this difference was statistically signifi-
cant (P <0.05).

Determination of affinity constants showed that these values were
in the submillimolar range of concentration, corresponding to the
physiological concentration in the cytoplasm of cells (0.5-5.0 mM).
In healthy persons, under the condition of FN, the affinity constant of
plasma membrane Ca®* Mg*-ATPase to the ATP was 0.16 + 0.02
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mM, and at PS — 0.19 £+ 0.02 mM. The affinity constant of plasma
membrane Ca?" Mg?*-ATPase of lymphocytes to ATP in patients with
OC (stage IIT) was 0.32 + 0.03 mM and at OC (stage IV) 0.35 + 0.03 mM.

0.8 - I'pymna KOHTp a0
— — — MMamientn: PA
------- TamienTH: ACA
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l"
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1/V, MkMons Pl xB Ha 1 Mr TIp oTeiHy
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LATP], MM

Fig. 3. Linearization of concentration curves in Lineweaver-Burk plot,
here V is ATP-hydrolase activity of plasma membrane
Ca2+,Mg2+-ATPase of women at the physiological norm (FN),
patients with ovarian cancer III (OC1) and IV (OC2) stages
(n=8-12;r>0,85)

Table 1

Kinetic parameters of Ca>-activated, Mg*'-dependent ATP hydrolysis
in blood lymphocytes of women at physiological norm (FN),
pre-nosological state (PS), patients with ovarian cancer III (OC1)

and IV (OC2) stage defined by ATP (x + m,n=_8-12)

L Control group Patients with OC
Kinetic parameters. ——p PS Ilsage(OCI) IV stage (OC2)
Vaw, pmole P/min 5 4 56 2764022 195£020%  1.77£0.15*
1 mg protein
Karp, MM 0.16£002 0.19£002 032+£003* 035003

That is, the value of the affinity constant to ATP for plasma
membrane Ca”*,Mg?"-ATPase of lymphocytes in patients with OC was
2.0-2.1 times higher than this value for the blood lymphocytes in the
group of physiological norm. It can be concluded that the inhibition of
enzyme activity occurs both by reducing the maximum rate of ATP
hydrolysis (V.. Was decreased) and by reducing the affinity of plasma
membrane Ca®* Mg*-ATPase to the substrate (the affinity constant to
ATP was increased).

It is known that the extrusion of Ca*" from the cell through the
plasma membrane is carried out by two main mechanisms: Ca*" Mg*'-
ATPase and Na+/Ca2+-exchanger. However, most researchers
demonstrate that under carcinogenesis, the main mechanism is the
Ca** Mg*-ATPase, which supports the concentration of cytosolic Ca*"
at a level of ~ 100 nM (Monteith et al., 2012; Monteith et al., 2017). In
order to achieve precise Ca®* control over several processes in the same
cell, it is paramount that the Ca®"-homeostasis is strictly controlled in
time and space. The amplitude-temporal and spatial aspects of the Ca®*-
signal should be precisely regulated to achieve specific results, such as,
for example, the cell cycle regulation, apoptosis or the cell proliferation
(Monteith, 2007). Plasma membrane Ca** Mg®*-ATPase is not only
itself involved in controlling the intracellular Ca*'-concentration, but
also controls the formation of inositol-1,4,5-triphosphate and, accor-
dingly, a decrease of Ca*"-efflux from the endoplasmic reticulum
(Padanyi et al., 2016). Changes of the expression of plasma membrane

Ca*’ Mg®-ATPase in the process of tumor growth, resulting in
unbalanced homeostasis in tumor cells were shown (Padanyi et al.,
2016). Our data concemning the decrease of Ca®* Mg*'-ATPase activity
agree that in cases of ovarian cancer there is an increase in the Ca®"
concentration in cytosol and even hypercalcemia (Pinto et al., 2015;
Padanyi et al., 2016; Peters et al., 2016). The increase of the Ca?"-con-
centration is due primarily to the fact that extrusion of Ca*" from the cell
decreases due to a decreased Ca>’,Mg?'-ATPase activity. The increase
in Ca®" concentration by inhibiting the ATPases activity in ovarian can-
cer also induces apoptosis (Monteith et al., 2007; Monteith at al., 2017).

The data on the expression of endoplasmic reticulum Ca** Mg*'-
ATPase in cells of patients with colon carcinoma and breast cancer
(Papp et al., 2012) also indicate about a decrease in the Ca>" efflux from
cytosol in tumor growth. It was shown that the expression of this
enzyme was reduced and the search for therapeutic drugs was directed
at their effect by reducing the Ca>" concentration in cytosol.

By transferring Ca ions to the extracellular medium across the
plasma membrane, the Ca**-pump reduces the cytosolic Ca** level and
thus helps control over cells activity.

Ca**-pumps can be not only the biomarkers, they can also serve as
anticancer therapeutic targets (Monteith et al, 2007). One of the
important features of the Ca>*-pump in comparison with other existing
or potential therapeutic targets in cases of cancer is the presence of
pharmacological activators and inhibitors of Ca**-pumps. From the che-
mogenic point of view, many Ca**-pumps are potential pharmacolo-
gical targets, and from the biological point of view, they are modulators
of Ca”"signals that can affect to tumorigenic regulatory pathways. By
modulating the activity of Ca**-channels and pumps that are expressed
in cancer cells, their activators or inhibitors can purposefully change Ca*"
homeostasis in cancer cells (Monteith et al., 2012; Monteith et al., 2017).

Conclusion

It was found that Ca**, Mg?*-ATPase activity of blood lymphocytes
in women of different age groups was not significantly different.
However, in women of the older age group, this activity had a tendency
to decrease. With ovarian cancer, the Ca®",Mg>*-ATPase activity of
blood lymphocytes was significantly decreased in relation to the control
group, but there was no significant difference in the aenzyme ctivity
between the 3rd and 4th stages of ovarian cancer. The kinetic analysis
of Ca*"-activated, Mg?'-dependent ATP hydrolysis in plasma membra-
ne of blood lymphocytes of women showed that decrease in Ca>* Mg**-
ATPase activity was due to a decrease in affinity to the substrate
(KATP increases 2-fold).

The work is a part of the research work "Investigation of functional and metabolic
reserves of stress-limiting systems of organism by extreme conditions in order to
identify effective ways of their comrection" (state registration number
0116U004510) and "Development and introduction of immuno-biochemical
methods of early diagnostics of the development of pathological processes in the
body" (Grant of the President of Ukraine No. 1039/2014-pr, September 24, 2014).

References

Bergner, A., & Huber, R. M. (2008). Regulation of the endoplasmic reticulum Ca**
store in cancer. Anti-Cancer Agents in Medicinal Chemistry, 8(7), 705-709.

Boyum, A. (1968). Isolation of mononuclear cells and granulocytes from human
blood. Scandinavian Journal of Clinical and Laboratory Investigation, 21(97),
77-89.

Buys, S. S., Partridge, E., Black, A., Johnson, C. C., Lamerato, L., Isaacs, C.,
Reding, D. J., Greenlee, R. T., Yokochi, L. A., Kessel, B., Crawford, E. D.,
Church, T. R., Andriole, G. L., Weissfeld, J. L., Fouad, M. N., Chia, D.,
O'Brien, B., Ragard, L. R., Clapp, J. D., Rathmell, J. M., Riley, T. L., Hartge,
P., Pinsky, P. F., Zhu, C. S., Izmirlian, G., Kramer, B. S., Miller, A. B,, Xu,
J. L., Prorok, P. C., Gohagan, J. K., Berg, C. D., & PLCO Project Team
(2011). Effect of screening on ovarian cancer mortality: The prostate, lung,
colorectal and ovarian (PLCO) cancer screening randomized controlled trial.
JAMA, 305, 2295-2303.

Dang, D., & Rao, R. (2016). Calcium-ATPases: Gene disorders and dysregulation
in cancer. Biochimica et Biophysica Acta, 1863(6), 1344-1350.

88 Regul. Mech. Biosyst., 9(1)



Davtian, T. K., & Avanesian, L. A. (2001). O vzaimosvjazi imunnogo i adaptive-
nogo otveta [An the interconnection of the immune and adaptive response].
Successes in Modem Biology, 121(3), 275-286.

Fafula, R. V., Lychkovska, N. E., Yefremova, U. P., & Vorobets, Z. D. (2011).
Enzumaticheskaya aktivnost Ca*"-transportiryushchey Mg**-zavisimoy
ATFazy limfocitov perifericheskoy krovi pacientov s revmaticheskim
artritom [Enzymatic activity of Ca**-transporting Mg*'-dependent ATPase of
peripheral blood lymphocytes in patients with theumatoid arthritis]. Medical
Chemistry, 13(4), 6972 (in Ukrainian).

Feske, S. (2007). Calcium signalling in lymphocyte activation and disease. Nature
Reviews Immunology, 7, 690-702.

Gzhegotsky, M. R., Fedorenko, V. 1., & Shtabsky, B. M. (2008). Ocherki profilak-
ticheskoi medicinu [Essays of prophylactic medicine]. Medicine and Law,
Lviv (in Ukrainian).

Knutson, K. L., Karyampudi, L., Lamichhane, P., & Preston, C. (2015). Targeted im-
mune therapy of ovarian cancer. Cancer and Metastasis Reviews, 34(1), 53-74.

Krishnan, V., Berek, J. S., & Dorigo, O. (2017). Immunotherapy in ovarian cancer.
Current Problems in Cancer, 41(1), 48-63.

Lowry, O. H., Rosebrough, N. J., Farr, A. L., & Randall, R. J. (1951). Protein
measurement with the folin phenolreagent. The Journal of Biological
Chemistry, 193,265-275.

Lukianova, N. Y., Yurchenko, O. V., Svincickyi, V. S., & Chehun, V. F. (2006). Pro-
gnosticheskie markeru dlya pacuentov s rakom yaichnika [Prognostic mar-
kers for patients with ovarian cancer]. Onkologia, 3, 241-244 (in Ukrainian).

Markman, M., Webster, K., Zanotti, K., Peterson, G., Kulp, B., & Belinson, J.
(2004). Examples of the marked variability in the relationship between the
serum CA-125 antigen level and cancer-related symptoms in ovarian cancer.
Gynecologic Oncology, 93(3), 715-717.

Mishell, B. B. (1980). Selected methods in cellular immunology. W. H. Freeman
and Company, San Francisco.

Monteith, G. R., McAndrew, D., Faddy, H. M., & Roberts-Thomson, S. J. (2007).
Calcium and cancer: Targeting Ca® transport. Nature Reviews Cancer, 7,
519-530.

Monteith, G. R., Davis, F. M., & Roberts-Thomson, S. J. (2012). Calcium chan-
nels and pumps: Changes and concequences. The Joumal of Biological
Chemistry, 287(38), 31666-31673.

Monteith, G. R., Prevaskaya, N., & Roberts-Thomson, S. J. (2017). The calcium-
cancer signalling nexus. Nature Reviews Cancer, 17, 367-380.

Padanyi, R., Paszty, K., Hegedus, L., Varga, K., Papp, B., Penniston, J. T., & Eny-
edi, A. (2016). Multifaceted plasma membrane Ca>* pumps: From structure
to intracellular Ca** handling and cancer. Biochimica et Biophysica Acta,
1863(6), 1351-1363.

Papp, B., Brouland, J.-P., Arbabian, A., Gélébart, P., Kovécs, T., Bobe, R., Enouf; J.,
Varin-Blank, N., & Apati, A. (2012) Endoplasmic reticulum calcium pumps
and cancer cell differentiation. Biomolecules, 2(1), 165-186.

Paryzhak, S. Y., Yakubets, O. I, & Vorobets, Z. D. (2014). Markers and regulato-
ry mechanisms in ovarian carcinoma. The Ukrainian Biochemical Journal,
86(4), 36-50.

Peters, A. A., Milevskiy, M. J,, Lee, W. C., Curry, M. C., Smart, C. E., Saunus,
J. M., Reid, L., da Silva, L., Marcial, D. L., Dray, E., Brown, M. A., Lakhani,
S.R., Roberts-Thomson, S. J., & Monteith, G. R. (2016). The calcium pump
plasma membrane Ca**-ATPase 2 (PMCA?2) regulates breast cancer cellpro-
liferation and sensitivity to doxorubicin. Scientific Reports, 6, 25505-25517.

Pidkovka, N. O., Vorobets, Z. D., & Zimenkovskyi, A. B. (2002). Issledovanie
svoistv nekotoruh ATFaz v limfocutah cheloveka [Investigation of the pro-
perties of some ATPases in human lymphocytes]. Experimental and Clinical
Physiology and Biochemistry, 7(1), 38-41 (in Ukrainian).

Pinto, M. C., Kihara, A. H., Goulart, V. A., Tonelli, F. M., Gomes, K. N., Ulrich,
H., & Resende, R. R. (2015). Calcium signaling and cell proliferation. Cellu-
lar Signaling, 27(11), 2139-2149.

Radchenko, O. M. (2004). Problema opredeleniya sostoyaniya zdorovya s tochki
zreniya teorii adaptivnuh reakcyi [The problem of determining the state of
health in terms of the theory of adaptive reactions]. Medical Case, 7, 92-94
(in Ukrainian).

Vorobets, Z., & Kimakovich, O. (2006). Effect of proton pump blocker on enzy-
me activity of glutathione antioxidant system of the peripheral blood lympho-
cytes. Annales Universitatis Mariae-Sklodowska, 19(1), 131-134.

Vovchuk, 1. L. (2014). Diagnosticheskoe i prognosticheskoe znachenie opredele-
niya onkofetal’nogo antigena CA-125 pri opuholevom processe v yaichni-
kah [Diagnostic and prognostic value of definition of the oncofetalic antigen
CA-125 at tumoral process in ovaries]. Odesa National University Herald.
Biology, 19(34), 19-32 (in Ukrainian).

Yakubets, O. 1., Vorobets, D. Z., Vorobets, Z. D., & Gzhegotskyi, M. R. (2016).
Antioksidantnoe sostoyanie limfocitov krovi prakticheski zdorovyh zhen-
shehin raznyh vozrastnyh grup i bol’nyh rakom yaichnika [Blood lymphocy-
tes antioxidant state in different age groups of practically healthy women and
patients with ovarian cancer]. Bulletin of Biology and Medicine Problems,
127(2), 132-135 (in Ukrainian).

Yakubets, O. 1., Vorobets, D. Z., Vorobets, Z. D., & Gzhegotskyi, M. R. (2016).
Koncentracyja antigena CA-125 u prakticheski zdorovyh zhenshchin raznyh
vozrastnyh grup i na raznyh stadijah razvitija zlokachestvennoy neoplasti-
cheskoy transformaciji yaichnika [CA-125 antigen concentration in healthy
women of different age groups and at different stages of the ovary malignant
neoplastic transformation development]. Experimental and Clinical Physio-
logy and Biochemistry, 74(2), 53-58.

Regul. Mech. Biosyst., 9(1) 89



Regulatory Mechanisms
mglslos%rstems

Serum paraoxonase activity in patients with rheumatoid arthritis,
its relationship with the clinical course and cardiovascular compications

S. V. Shevchuk, Y. S. Seheda, O. Y. Galyutina, N. P. Masik, O. V. Shevchuk
National Pirogov Memorial Medical University, Vinnytsia, Ukraine

Article info

Received 24.01.2018

Received in revised form
14.02.2018

Accepted 17.02.2018

National Pirogov Memorial
Medical University,
Khmelnitske shosse, 104,
Vinnytsia, 21100, Ukraine.
Tel. +38-068-952-52-07.
E-mail: masikoi@ji.ua,
iuliia.segeda@gmail.com

Introduction

Shevchuk, S. V., Seheda, Y. S., Galyutina, O. Y., Masik, N. P., & Shevchuk, O. V. (2018). Serum paraoxonase
activity in patients with rheumatoid arthritis, its relationship with the clinical course and cardiovascular
compications. Regulatory Mechanisms in Biosystems, 9(1), 90-94. doi: 10.15421/021813

Nowadays low paraoxonase activity is generally recognized as an independent risk factor of cardiovascular
diseases involved in pathologic remodeling of the heart and vessels as well as thrombosis in the general population. But
the role of paraoxonase activity in RA patients is unknown. Based on the above, the aim of the work was to study serum
paraoxonase activity in patients with rheumatoid arthritis, to evaluate its association with clinical course and structural
and functional status of the cardiovascular system. 67 patients with RA, 18 males and 49 females were studied.
The control group consisted of 25 apparently healthy individuals. Rheumatoid arthritis was diagnosed according to
international classification criteria ACR 2012. The indices of total cholesterol (TC), high density lipoprotein cholesterol
(HDLC) and triglycerides (TG) in blood serum were determined by standard conventional methods. Low density
lipoprotein cholesterol (LDLC) values were calculated by Friedwald formula. Serum paraoxonase activity was
measured by spectrophotometric method. High resolution ultrasound and Doppler ultrasonography of the brachial artery
were performed to study endothelium function. Sonographic B-mode scanning and pulsed Doppler ultrasound of heart
and blood flow spectra were done on ultrasound scanner. Serum paraoxonase activity was found to be about 18.8%
lower in the patients with RA than in the control group. Serum paraoxonase activity was shown to decrease
proportionally to the increase of the age in RA patients. In the group of patients over 45, the level of the enzyme was
13.0% lower than in the patients over 30. The study established that the increase of systolic and diastolic arterial
pressure is associated with decrease of serum paraoxonase activity in RA patients. The patients with RA combined with
arterial hypertension had significantly (by 10.9%) lower activity of the studied enzyme than those with no arterial
hypertension. However, no significant relationship between paraoxonase activity and duration of the disease, obesity
and smoking was revealed. Paraoxonase activity in RA patients was demonstrated to be dependent on lipid levels. The
lowest paraoxonase activity was recorded in individuals with the highest levels of TC, LDLC and the lowest HDLC
indices. Paraoxonase activity in RA patients is associated not only with atherosclerotic vascular damage (IMT,
decreased FMDBA) but also with structural and functional heart status (systolic and diastolic functions, left ventricular
myocardial hypertrophy). Decreased serum paraoxonase level is suggested to be the predictor of early development of
cardiovascular complications in RA patients.

Keywords: enzyme activity; autoimmune disease; metabolic risk factors; changes of the cardiovascular system

Tocci et al., 2016; Berardes et al., 2017; Herly et al., 2017). Nowadays
low paraoxonase activity is generally recognized as an independent risk

Cardiovascular diseases are acknowledged as the leading cause of
mortality among patients with theumatoid arthritis (RA) (Ladak et al.,
2017; Meissner et al., 2017; Myasoedova et al., 2017). Framingham risk
factors (age, sex, atherogenic lipid levels, history of arterial hypertensi-
on, smoking) are considered to have a decisive role in early develop-
ment of cardiovascular complications. But accelerated atherogenesis
cannot be explained exclusively by the action of traditional risk factors
in RA patients. Currently much attention is focused on metabolic and
immunologic markers which are likely to play one of the key roles in
atherogenesis of autoimmune diseases. Recent studies provide convin-
cing evidence that anti-cyclic citrullinated peptide antibodies (anti-
CCP), rheumatoid factor IgM, circulating immune complexes, anti-
inflammatory cytokines (TNF-alfa, IL-6), Th0/Thl of T-cells, homo-
cysteine, dyslipidemia, decreased folic acid level, impaired vitamin
metabolism as well as disturbances in paraoxonase activity can be
involved in the development of cardiovascular diseases in RA (Yang
etal,, 2015; Batin Garrido et al., 2016; Rodriguez-Carrio et al., 2016;

factor of cardiovascular diseases involved in pathologic remodeling of
the heart and vessels as well as thrombosis in the general population
(Kerekes et al., 2008; Tang et al., 2012; Patra et al., 2013; Kovalenko
etal., 2014; Wang et al., 2015; Kunutsor et al., 2016). Changes in para-
oxonase activity inevitably lead to decreased defense antioxidant functi-
on of HDL and increased oxidant stress (Kim et al., 2016; Kulka, 2016).
In RA patients the following factors can decrease serum paraoxonase
activity: excessive rheumatoid factor, anti-CCP, systemic inflammatory
process (El-Banna & Jiman-Fatani, 2014; Shahmohamadnejad et al.,
2015). Ethnic and race differences in serum paraoxonase activity have
been detected as well (Bounafa et al., 2015; Saymn Kocakap et al.,
2015). Despite a large number of studies addressed to cardio-vascular
complications in RA, the role of low paraoxonase activity has not been
established yet. It should be noted that in the Ukrainian patient popula-
tion with RA this enzyme activity also has not been studied. The rela-
tionship of paraoxonase activity with other metabolic cardiovascular
risk factors as well as structural and functional status of the heart has not
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been established either. Based on the above, the aim of the work was to
study serum paraoxonase activity in patients with rheumatoid arthritis,
to evaluate its association with the clinical course and structural and
functional status of the cardiovascular system.

Materials and methods

67 patients with RA, 18 males and 49 females were studied. The
control group consisted of 25 apparently healthy individuals. Rheuma-
toid arthritis was diagnosed according to international classification
criteria ACR 2012 (Kay & Upchurch, 2012). The analysis of traditional
risk factors of atherosclerotic vascular damage was done in RA patients.
Body mass index (BMI, kg/m®) was calculated in all patients with RA.
Obesity was estimated in case of BMI > 30. The indices of total chole-
sterol (TC), high density lipoprotein cholesterol (HDLC) and triglyce-
rides (TG) in blood serum were determined by standard conventional
methods. Low density lipoprotein cholesterol (LDLC) values were
calculated by Friedwald formula: LDLC = TC — HDLC - 0.45-TG.
All detected values were divided into normal, marginally increased and
high values of lipid profile according to the Third Report of the National
Cholesterol Education Program (2002). High activity of inflammatory
process in RA patients was estimated according to increase of ESR,
CRP, TNF-a levels and calculated DAS 28 score, Pain index score,
Articular index and Edema index score. Serum paraoxonase and ariles-
terase activity was measured by spectrophotometric method (Connelly
et al., 2004). A persistent analytic system was used for the evaluation of
serum paraoxonase activity in RA patients and control group. High
resolution ultrasound and Doppler ultrasonography of the brachial
artery by Celermajer et al. (1992) were performed to study endothelium
function. Flow-mediated vasodilation of the brachial artery (FMDBA)
was assessed according to changes in its diameter and measured before
and after temporary occlusion of the vessel with blood preasure cuff
(reactive hyperemia). Location of the brachial artery was associated
with visualization of its internal diameter and was measured in the
middle third of the shoulder. Sonographic B-mode scanning and pulsed
Doppler ultrasound of blood flow spectra were done on ultrasound
scanner Sonoline 6000 C (Medisson, Southern Korea) at the 30, 60 and
90th s after cuff decompression. Brachial artery dilation by more than 8%
from baseline diameter within 30 s after decompression was considered
to be the criteria of adequate endothelial response to ischemia. All
measurements of endothelial relaxation were done from 8 to 10 AM.

The thickness of the intima-media complex (IMT) of the common
carotid artery (CCA) was determined at the time of B-mode ultrasonogra-
phy of the carotid artery in diastole 2 cm from bifurcation at maximum
magnification. The area of atherosclerotic plaques of the carotid artery
(cAP) was measured in all the patients, and the extent of vascular athe-
rosclerotic damage was evaluated (Wendelhag et al., 1993). Echocar-
diography (EchoCG) was done for 63 patients with RA on ultrasound
scanner Sonoline 6000 C (Medisson, Southern Korea) Statistical pro-
cessing of the obtained results was carried out on a personal computer
using the standard statistical programs. The results are presented as the
mean = standard error (x = SE). All values follow a normal distribution.
The average value, standard errors, reliability of the differences were
evaluated according to Student's t-criterion. Pearson’s correlation coeffi-
cient test was used to measure the strength of a linear association bet-
ween two variables. The statistical significance was determined if P <0,05.

Results

Serum paraoxonase activity was found to be about 18.8% lower in
the patients with RA than in the control group (107.8 mmol/l'h and
132.9 mmol/l'h, respectively) (Table 1). Moreover, according to per-
centile distribution, serum paraoxonase activity level ranged from 94.5
to 172.6 mmol/I'h in apparently healthy persons, while in the patients
with RA it was 80.9-129.4 mmol/I-h. The analysis of traditional risk
factors of atherosclerotic vascular damage on the basis of paraoxonase
activity in the patients showed no significant differences in the indices
of serum paraoxonase activity between males and females, but there
was significant decrease of that index with the increase of age (Table 2).

Table 1
Serum paraoxonase activity in RA patients and in the control group

Paraoxonase, mmol/I'h

Median
Ps Py Pys Pss Py Pos

Group

Control, n=25 1329 945 1180 1279 1542 1618 1726
RApatients,n=67  107.8 809 858 89.6 1233 1265 1294

Note: Ps, 19, 25, 75, 0, 95 — frequency of serum paraoxonase activity occurence (5%,
10%, 25%, 75%, 90%, 95% respectively) below the specified value.

Table 2
Analysis of serum paraoxonase activity
depending on traditional risk factors in RA patients (x + SE)

Paraoxonase, mmol/l'h

Index -
control group RA patients
Females, n=49 1082+2.51 109.6+2.26
Males,n= 18 105.9+5.38 101.1 +4.44
below 30 years,n=11  1134+2.71 113.6+2.82
Age 30-45 years,n=27 115.7+2.86 113.7+3.54
>45 years,n=29 109.2+5.89 99.14£2.68%**
<5 years,n=26 - 109.5+3.65
Disease duration  5-10 years,n=18 - 105.8+4.34
>10 years,n=23 - 106.0+£2.95
With no AH,n=50 112.6+£4.11 1103+234
With AH,n=17 108.8 +3.69 982 +3.90**
Non-smokers, n =55 107.0+£2.89 107.8 £2.37
Smokers,n=12 102.9+6.31 105.3+527
BMI > 30 kg/m’, n=57 1129+2.71 10744226
BMI <30 kg/m*,n=10 1092+7.12 1069+544

Note: * — statistical significance in comparison of examined parameters P < 0.05,
**_P <001, ***—-P<0.001.

In the patients over 45, paraoxonase level was 13% lower than in
the patients before 30. A similar tendency was observed in RA
combined with arterial hypertension (AH). In such patients paraoxonase
activity was decreased nearly 1.12 times. But no significant relationship
between paraoxonase activity and duration of the disease, obesity and
smoking was revealed. The relationship between paraoxonase activity
and lipid metabolism indices (Table 3) was evaluated. For this purpose,
all the patients were divided into three groups: those with normal
indices, marginally increased and high indices of lipid profile according
to the Third Report of the National Cholesterol Education Program
(2002). RA patients with high levels of TC, LDLC and low levels of
HDLC were found to have significantly lower average paraoxonase
level than the individuals with optimal lipid levels. In the patients with
high levels of TC and LDLC paraoxonase activity was significantly
lower — by 24.0% and 14.5%, respectively, and in those with low levels
of HDLC — by 9.4% less than in the patients with optimal levels of
those indices. No significant decrease of paraoxonase activity in the
patients with hypertriglyceridemia was revealed.

Table 3
Analysis of serum paraoxonase activity depending
on lipid level in RA patients (x + SE)

Paraoxonase activity, mmol/I‘h

Indices Lipid level absolute value .

TC optimal, n=35 115.8+247

mrr,lol/l marginally elevated, n=23 101.4+£3.20%** —0.62#
high,n=7 88.0£2.91%**
normal, n=24 1102+3.35

m{;ﬁ’ subnormal,n=17 114.0+3.62 0.24
low,n=24 99.8 £3.38*

LDLC normal, n=39 1133245

mmol/i marginally elevated, n= 10 101.2+6.58 —0.48#
high,n=16 96.8 +4.03%**

G normal, n=20 1132+348

mrrio]/l marginally elevated, n=20 106.3+4.42 -021
high,n=25 105.1+£2.95

Note: * — statistical significance in comparison of examined parameters P < 0.05,
**_P<0.01, ¥**—P<0.001, #— strong correlation between the variables.

The relationship between paraoxonase activity and lipid metabo-
lism was further verified by correlation analysis. In RA patients there
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was close inverse association between paraoxonase activity and HDLC,
and close direct association between paraoxonase activity and LDLC.

The next task was to evaluate the relationship between inflammato-
ry process and enzyme system activity in RA patients (Table 4).
The patients with low enzyme activity (<89.7 mmol/l-h) were found to
have higher levels of ESR, CRP and TNF-a by 14-15% than those with
relatively normal paraoxonase activity (>89.7 mmol/l-h). A similar
tendency was observed in total index of DAS 28 activity, pain index,
articular index and edema index (r= 0.30-0.36).

Table 4
The relationship between paraoxonase activity
and inflammatory process activity in RA patients (x + SE)

in the patients with normal paraoxonase level, and 259.9 + 2.57 g/m in
those with decreased paraoxonase level (< 89.7 mmol/l-h), i.e. higher by
33.3% . In the latter group significant increase in sizes and volumes of
the left ventricle were observed: LV diastolic diameter, LV systolic
diameter, LV diastolic volume, LV systolic volume, LV mass/height.

Impaired systolic and diastolic functions of the left ventricle were
associated with reduced paraoxonase activity in the blood as well. In the
patients with low paraoxonase activity the relationship between E/A
ratio was by 27% less and ejection fraction — by 16% less than in the
patients with normal enzyme activity.

Table 6

Analysis of serum paraoxonase activity depending on structural
and functional myocardial changes according

to EchoCG findings and in RA patients (x + SE)

Paraoxonase activity
Indices >89.7 mmol/l'h,  <89.7mmol/I'h,
n=48 n=19 ’
ESR, mm/h 34.7+0.30 404+£042%F*  _035#
CRP, mg/l 13.7 £0.16 164+£0.18%*  —031#
TNF-0, ng/ml 164.7+1.59 1955+ 1.78**  —0.33#
DAS, scores 53+0.02 59+0.03*%**  —036#
Pain index, scores 29.0+£041 375+046%**  —032#
Articular index, scores 2494045 32.6£048*¥*¥*  —038#
Edema index, scores 7.1£0.16 10.1£0.15%*  —0.30#

Note: see Table 3.

The thickening of common carotid artery (IMT) walls, decreased
FMDBA and severity of atherosclerotic damage in RA patients were
revealed to be associated with decreased paraoxonase activity (Table 5).
The patients with low paraoxonase level (< 89.7 mmol/l'h) had conside-
rably lower FMDBA value (by 16.1%), and considerably larger cIMT
(by 23.9%) than those with relatively normal paraoxonase level.
Besides, the proportion of patients with decreased FMDBA and
increase of IMT was 29.7-32.0% higher in the patients with low
paraoxonase level than in those with a relatively normal level. The AP
size and the extent of atherosclerotic damage of carotid arteries increa-
sed proportionally to paraoxonase activity decrease. Atherosclerotic
damage of carotid arteries was revealed in 68.4% of patients with low
paraoxonase activity as compared to 4.2% of patients with relatively
normal indices of the studied enzyme.

Table S

The relationship between paraoxonase activity and subclinical
manifestations of atherosclerotic vascular damage

(FMDBA, IMT, cAP) in RA patients (x + SE)

Paraoxonase activity
Indices >89.7 mmol/I'h, <89.7 mmol/lh, .
n=48 n=19
IMT, mm 073001 096=001%* 0354
L“(‘})‘/V)‘d“als with IMT>0.90 mm, ) 9oz 10(526%)§  —031#
0
FMDBA, % 5274010  442+010%* _036#
.. . X
L“(‘})‘/V)‘d“als with EMDBAS8.0%, ) (41 794) 14(737%)§  —0.32#
0
Presence of cAP 2(42%) 13(684%)§  —038#
Extent of atherosclerotic CCA 0.15<0.02 147+ 0,04%5 B
damage

Index Paraoxonase activity
>89.7mmol/l'h,n=43 <89.7mmol/l'h,n=18

Aorta, mm 31.6+0.09 349 +0.14%%**
LA diameter, mm 36.3+0.33 38.9 4 (.22%#*
LV diastolic diameter, mm 474+0.27 51.5+0.28**
LV systolic diameter, mm 31.0+0.18 35.9+0.28%**
LV posterior wall 9.6+0.09 12240.10%**
thickness, mm
Septal thickness, mm 10.3+0.08 12.740.09%**
LV diastolic volume, ml 126.8+1.07 132.6 £0.80%**
LV systolic volume, ml 46.5+£0.77 55.6+ 1.03%**
Ejection fraction, % 629+0.35 54.1 £ 047***
LV mass/height, g/m 173.4+2.77 259.9 £2.57%*
E, m/c 64.8+0.82 50.640.53%**
A, m/c 60.8+0.71 619042
E/A ratio 1.14+0.01 0.84 +0.01%**

Note: * — statistical significance in comparison of examined parameters P < 0.05,
¥ _ P <001, *** — P <0.001, # — strong correlation between the variables,
§ — statistical significance in comparison of examined parameters.

The study of structural and functional heart status in RA patients
showed its definite relationship with serum paraoxonase activity
(Table 6). While the diameter of the aorta and the left atrium was 31.6 +
0.09 and 36.3 + 0.33 mm, respectively, in the patients with normal
paraoxonase activity, it was 34.9 + 0.14 and 38.9 + 0.22 mm, respecti-
vely, in the patients with its decreased activity, i.e. it was larger by 9.4%
and 6.6%, respectively. In the group of patients with impaired function
of the enzyme system, left ventricular posterior wall thickness (LV
posterior wall thickness) and intraventricular septum thickness (Septal
thickness) appeared to be significantly higher as well. The most evident
differences were found in left ventricular mass index: 173.4 +2.77 g/m

Note: see Table 2.

Discussion

The study revealed the Ukrainian patient population with RA to
have considerable reduction (by 18.8%) of serum paraoxonase activity
as compared to apparently healthy individuals. The data obtained in the
study confirmed those presented by other authors (Tanimoto et al.,
2003; Isik et al., 2007). Nevertheless, some reports in the modern litera-
ture deny the increase of paraoxonase level in RA patients (Hashemi et al.,
2010). Serum paraoxonase activity was shown to decrease proportio-
nally to the increase of the age in RA patients. In the group of patients
over 45 the level of the enzyme was 13% lower than in the patients over
30. According to reports from the literature, paraoxonase activity in the
patients with autoimmune pathology decreases in the process of repro-
ductive aging (Kiss et al., 2007). At the same time, no sex differences in
serum paraoxonase levels in RA patients were found.

The study established that the increase of systolic and diastolic
arterial pressure is associated with decrease of serum paraoxonase
activity in RA patients. The patients with RA combined with AH had
significantly (by 10.9%) lower activity of the studied enzyme than those
with no AH. However, no significant relationship between paraoxonase
activity and duration of the disease, obesity and smoking was revealed.
There was only a tendency to decrease of the studied enzyme in the
presence of the abovementioned risk factors.

Paraoxonase activity in RA patients was demonstrated to be depen-
dent on lipid levels. The lowest paraoxonase activity was recorded in
individuals with the highest levels of TC, LDLC and the lowest HDLC
indices. In RA patients with optimal TC level, paraoxonase activity was
24% lower than in those with hypercholesterolemia . Correlation
analysis provided additional evidence of the association of enzyme
activity with impaired lipid metabolism. Such relationship between
paraoxonase activity and lipid metabolism is not surprising as
paraoxonase-1 is known to be a part of high density lipoproteins (HDL),
it has potent antioxidant properties and protects HDL and LDL against
overoxidation under the influence of active oxygen forms (Mkhitarian
etal, 2016).

Serum paraoxonase level was found to be associated with increased
levels of proinflammatory mediators ESR, CRP and TNF-a, as well as
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articular syndrome indices. For instance, in the patients with low
paraoxonase activity (< 89.7 mmol/l'h) serum levels of proinflamma-
tory mediators were on average 15% higher than in the patients with
relatively normal paraoxonase activity (> 89.7 mmol/I'h). The patho-
genic role of systemic inflammatory process in impaired function of
enzyme systems in RA patients has been previously reported in other
studies (Kerekes et al., 2008; Shahmohamadnejad et al., 2015).

The data received in the study suggested low paraoxonase activity
to be an adverse factor in progression of structural and functional altera-
tions of the heart and vessels in RA patients. Significant increase of LV
mass/height, the diameter of aorta and the left atrium, sizes and volumes
of the left ventricle, IMT was recorded in the patients with low
paraoxonase level as compared to patients with optimal paraoxonase
level. Decrease in systolic and diastolic functions of the cardiac muscle
was proportional to the decrease of serum paraoxonase level in RA
patients. The area and severity of atherosclerotic damage of CCA had
the tendency to increase with the decrease of serum paraoxonase
activity. The adverse effect of that risk factor on the clinical course of
cardiovascular pathology in RA patients has been previously confirmed
in other studies. A low paraoxonase level in RA patients was shown to
cause early formation of atherosclerotic vascular damage, to determine
the level of FMDBA and IMT (Kerekes et al., 2008; Charles-Schoeman
etal, 2013; El-Banna et al., 2014).

Thus, significant decrease of serum paraoxonase level is a common
occurrence in RA patients. The concentration of this enzyme decreases
proportionally to age, it is associated with arterial hypertension,
dyslipidemia and disease activity but is not significantly influenced by
the disease duration, obesity or smoking. A close relationship between
paraoxonase activity and structural and functional heart status is
indicative of potential involvement of this enzyme in the development
of atherosclerotic alterations in the vessels.

Conclusions

RA patients have decreased serum paraoxonase activity (by 18%)
as compared to apparently healthy individuals. Low paraoxonase activi-
ty is associated with age, arterial hypertension, dyslipidemia and disease
activity and is not dependent on disease duration, obesity or smoking.

Paraoxonase activity in RA patients is associated not only with
atherosclerotic vascular damage (cIMT, decreased FMDBA) but also
with structural and functional heart status (systolic and diastolic functi-
ons, left ventricular myocardial hypertrophy).

Directions for future research. Further studies can determine the
place of paraoxonase among other metabolic and traditional risk factors
of cardiovascular complications in RA patients.
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The article analyzes the regularities of the formation and development of the lymphoid lobules of the parenchyma of
the somatic (Limphonodi cervicales superficiales) and visceral (L. jejunales) lymph nodes in domestic cattle in the fetal
period of ontogenesis. We used routine histological techniques and author's modification of the impregnation of total
median sections with silver nitrate. Visualization of various zones of lymphoid lobules was carried out taking into account
the specific for different cell zones architectonics of reticular fibers. It has been established that signs of morphological
heterogeneity of parenchyma of lymph nodes are first found in three month-old fetuses, which is associated with the
concentration of lymphoid tissue along the marginal sinus. Separation of lymphoid lobules and their structural and
functional differentiation are first detected in five month fetuses. In the lymphoid lobules of five month-old fetuses all
structural and functional cell zones are observable, among which the regions of clonal proliferation of T and B
lymphocytes are the least developed, and regions of the transit corridors for lymphocytes migrating medullary and the
cords (zone of potential accumulation of plasmocytes and antibody formation) are the most developed. Structural and
functional transformations of compartments in the prenatal period of ontogenesis are accompanied by a predominantly
moderate increase of the relative volume of specialized T- and B-dependent zones of lobules, against a background of a
gradual decrease of the volume of transit corridors for lymphocytes migrating and zone of potential accumulation of
plasmocytes and antibody formation. Due to the small volume and relatively low rates of development of the lymphocytes
clonal proliferation zones, the quantitative ratios of the cellular zones in lymphoid lobules of the lymph nodes of domestic
cattle in prenatal ontogenesis remain relatively stable, while maintaining the maximum indices of the development of
transit corridors for lymphocytes migration and medullary cords. Among the zones of lymphocytes clonal proliferation
throughout the fetal period, T-dependent zones predominate, the relative volume of which is 5.0-7.5 times greater than the
volume of B-dependent zones. Lymphoid lobules in the lymph nodes of the domestic cattle fetuses of all age groups are
arranged along the marginal sinus in one row and have a polar structure due to the formation of lymph nodes at one pole
of the lobules in the interfollicular zone. In the visceral lymph nodes (L. jejunum) of 8—9 month-old fetuses, individual
lymph nodes can form in paracortical strands, on the border with the interfollicular zone.

Keywords: lymphoid tissue; deep cortex units; interfollicular cortex; lymphatic nodules; lymphatic sinuses;
paracortical and medullaru cords

ITpenaranbHbIM MOP(POreHe3 KOMIAPTMEHTOB MAPEHXUMbI
JUM(pATHYECKHUX Y3JI0B ObIKa JoMalHero (Bos taurus)

I1. H. I'aBpummun, M. A. Jlemesa, E. I'. 'aBpuwmuna, T. ®. bonasipesa

JIHunposckuil 20cy0apcmeeHHblil azpapHO-3KOHOMUYeCKUll yHusepcumem, /nunpo, Ykpauna

Ipoanan3upoBaHbl 3aKOHOMEPHOCTH (POPMUPOBAHUS M Pa3BUTHS CyObSAMHMLL (IMM(OMIHBIX JIOJNEK) MapeHXUMbI comatudeckux (Limphonodi

cervicales superficiales) n BucuepanbHbIX (L. jejunales) mamgatiyeckix y37oB y Oblka JOMAILHEro B IUIOJHOM MEpUOJe OHToreHesa. lcronb3oBamm
PYTHHHBIC TUCTOJIOTMYCCKHE METOMMKH M aBTOPCKYI0 MOIM(HKAIMIO HMIIPETHAIMH TOTAIBHBIX CPCAMHHBIX CPE30B a30THOKHCIBIM  CepeOpoM.
Brsyampanuro pa3yHbIX 30H JIMMGOMIHBIX JIOJIEK OCYIIECTRILUIN C yYeTOM CIEIU(HYeCKON st TOK WM MHOK 30HBI apXUTEKTOHHKU PETHKYIIIPHBIX
BOJIOKOH. TIpH3HaKy MOP(OIIOrHecKoil FeTepOreHHOCTH NapEHXUMBI THM(ATHUECKHX y3/I0B BIIepBbIe OOHAPYKEHBI Y TPEXMECSUHBIX ILI0ZI0B, YTO CBSI3AHO
C KOHIIEHTparwei JIMMGpOHHOM TKaHH BIIOJIb KpaeBoro cuHyca. ObocobreHue TMM(pONITHBIX JOJEK U HX CTPYKTYPHO-(YHKIMOHATbHA U depeHIaIs
BIIEPBbIC BBIABIIAIOTCS Y ITHMECSYHBIX IUION0B. B JMM(OMIHBIX H0MbKaX ITHMECSYHBIX IUIO0B PA3IMYAtOTCs BCE CTPYKTYPHO-(QYHKIMOHAIBHBIC 30HEL,
Cpe/IM KOTOPBIX HAMMEHee Pa3BUTHIMU SBIISIOTCS YYaCTKH KIOHATbHOW nponudeparmu T- n B-mamdormros, a Hanbonee — 30Ha TpaH3UTa JIUM(OLMTOB 1
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MO3roBole  TSDKH.  CTPYKTYpHO-QYHKIMOHAIBHBIC IPeoOpasoBaHMs KOMIIAPTMCHTOB B IPCHATAIBHOM IICPUOZEC OHTOICHE3a  CONMPOBOXKIAFOTCS
MPEUMYILECTBEHHBIM YMEPSHHBIM YBEJIHMUCHHEM 00beMa CIeLMAIM3UPOBaHHBIX T- 1 B-3aBHCHMBIX 30H /0JIEK, Ha ()OHE MOCTEIICHHOIO YMEHBIICHHS
o0beMa 30H TpaH3WTa JIMM(OLMTOB W TMOTCHIMAIBHON AKKyMYJSIMH IUIa3MOLMTOB M aHTHTENOO0pa3oBaHus. [3-3a HE3HAYMTEILHOTO OOBEMa U
OTHOCHTEJIBHO HM3KHMX TEMIIOB Pa3BHTHS 30H KJIOHAIBHOH mponmdepanyy JMMQOIMTOB, KOIMYECTBEHHbIE COOTHOIICHHS KIETOUHBIX 30H B JIONIbKAX
JIMQATIYECKIX Y3IOB OblKa JOMAIIHETO B IPEHATAIEHOM OHTOTEHE3C OCTAIOTCS OTHOCHTEIBHO CTAOWIGHBIMH, C COXPAHCHHEM MAKCHMAIBHBIX
TOKa3aTeliell CTEeNEeHH Pa3BUTHSI 30H TPAH3UTA U MO3TOBBIX TsDKel. Cpel 30H KIOHATBHOM Hpoimepalmy TMMPOLMTOB Ha HPOTSHKEHHH BCETO TLIOAHOTO
Tiepro/ia npeodnanatoT T-3aBUCHMBIE 30HBL, OTHOCHTENBHBIN 00BeM KOTOPBIX B 5,0-7,5 pa3a npeBbiiiaet 00beM B-3aBuciMbIX 30H. JIuMdoniHbie 101bKH B
JIMQATIYECKIX Y3IaX IUIONOB ObIKA JOMAIIHErO BCEX BO3PACTHBIX IPYIII PACIONararoTcsi B ONHMH Psil BIOJIb KPAaeBOIO CHHYCA M MMEIOT IOJBIPHYIO
CIPYKTYpY 13-32 (JOpMHpOBaHUS JMM(PATHUECKUX Y3EIKOB HA OTHOM MOJIOCE JIOJIEK B MHTEP(OIUTHKYIIIPHOM 30HE. B BHCHEpabHBIX TMM(ATHUCCKUX
y3nax (TOLIeH KUIIKH) 8—9-MeCSUYHBIX IUIO0B OTACIbHbIC JTMM(ATHIECKUE Y3eIKH MOTYT (DOPMHPOBATHCS B MAPAKOPTHKATBHBIX TSDKAX, HA TPAHHUIIE C

HUHTEPHOIUTHKYISPHON 30HOM.

Kiouesvie cnoea: mambonHas TKaHb; eIHHHLIBI [TyOOKOH KOpbI; MHTEP(OIUIMKYIIPHAs 30Ha; JTMM(ATHIECKHe Y3eIKH; JIMM(ATUIECKHe CHHYCBI;

TIapaKOPTUKATBbHBIC X MO3I'OBBIC TsDKU

BBenenue

Ha cerommst oueBHIHBIM SBISETCS TOT (haKT, UTO MAPEHXUMA JIHM-
(haTHYeCKHX Y3/I0B MIICKOIUTAIOIX UMEET He CIIOUCTYIO, a JIoJIb4a-
Tyro (KoMmapTMeHTHyt0) cTpyktypy (Kelly et al., 1975; Konenkov et al.,
2008; Butler et al., 2016; Gavtilin et al., 2017a). JlumdoraHbIe T0TBKA
B JIMM(aTHYECKHX Y3/1aX Pa3HbIX BUIOB KHBOTHBIX YCTPOCHBI 110 €11~
HOMY IPUHIIMITY M HPECTABJICHBI YETHIPbMSI OCHOBHBIMU COCTaBIISIIO-
IOIMMI: 30HBI KIOHATBHOM Tpomaeparmu T- W, COOTBETCTBEHHO,
B-mim¢ormTos; 30Ha TpaH3UTa JM(POILMTOB X MEKKIECTOUHOTO B3am-
MOJICHCTBIST; 30HA AKKyMYJIIIMH IUIA3MOLMTOB M CHHTE3a aHTHTEI
(Kowala & Schoefi, 1986; Margaris & Black, 2012; Ikomi et al., 2012).

30Ha TpaH3UTa IPEACTABIIIET COOOH OMOIOrMUeCKIil KaHa (TpaH-
CIIOPTHBIA KOPUIOp) WISt JIMM(OLIMTOB, KOTOPbIE MHUTPUPYIOT Yepe3
CTEHKY BEH C BBICOKMM SHJIOTENMEM B naperxumy y3ioB (Ikomi et al.,
2012; Ager, 2017). [laaHble CTpyKTYpbI (POPMUPYIOTCS BOKPYT COOT-
BETCTBYIOIIMX BEHO3HBIX COCYIOB (BEH C BBICOKHM SHJIOTEIHEM),
OOIBIIAs YacTh KOTOPBIX JIOKAIM3UPYETCS B MHTEP(OILIAKYIIPHOH
30HE U MapakopTHKATHHBIX Tsbkax (De Bruyn & Cho, 1990; Platt &
Randolph, 2013; Ruddle, 2016). MaTepdommKyspHbIe 30HBI pacrio-
JIAraroTCsl B HENOCPENICTBEHHON ONIM30CTH OT IVIABHBIX KOJUIEKTOPOB
JMGBI, KOTOpbIe B JMM(MATHYCCKHX Y371aX MJICKOIUTAONIMX TPe/-
CTaBJICHBI BYMSI OCHOBHBIMH THITAMU: JIAM(ATHIECKHMH IPOCTPAHCT-
BaMM MEKITy KaIlCyJIoi ¥ TapeHXUMOH y3710B (KoJutekTopami | Trma) u
BHYTPUTPaOCKy BIPHBIME JTUM(BATHICCKUMH LICTEPHAMHU (KOJLICKTO-
pavu 11 Trma) (Gavrilin et al., 2017c¢). 3oHa aKyMMYJISLIIH TIa3MOLIH-
TOB ¥ CHHTE3a QHTUTEJ B BUJIC MO3IOBBIX TSDKEH HAXOIUTCS B TUM(O-
HJTHOH JOJBKE Ha MPOTUBOIIONIOKHOM TIOJIIOCE OT TIIABHBIX JIMM(aTH-
YECKUX KOJUICKTOPOB Y TPAHHYNT C TEPMHUHATBHBIM YIaCTKOM BHYTpH-
Y37I0BOTO JIMM(ATHIECKOTro pyciia — BOPOTHBIM crHycoM (Von Andri-
an & Mempel, 2003; Sixt et al., 2005; Konenkov et al., 2008; Olson
etal., 2012; Houston et al., 2016).

3oHa KioHaIBHO# mponudepaimy T-mM(poImToB (LIeHTpaTBHbIE
30HBI SAMHHII TITyOOKOH KOPBI) HAXOIUTCS MEKIY MHTEPHOIITUKYIEIP-
HOIA 30HOH ¥ MO3TOBBIMH TsDKaMH. T-30HBI B IMM(ATHIECKHX JTOIBKAX
SIBISIEOTCSL €MHIMHBIME 00pa30BaHMSIMY, (POPMUPYIOIIMHA OCHOBY
KaK7IOTO KOMITapTMeHTa. [ T1aBHOI MX CTPyKTYpHO-(hYHKIIMOHATEHOK
OCOOCHHOCTBIO SIBIISIETCS TO, YTO OHM HHUKOTJA HEIOCPEICTBEHHO He
KOHTAaKTHPYIOT C BHYTPHY3JIOBBIMH JIMM(aTHIECKIMU IPOCTPAHCTBA-
MU, & MUTpaLKst JTMM(OLMTOB U3 CHHYCOB B COOTBETCTBYIOLLYIO 30HY
MIPOMCXOIUT Yepe3 KaHAIbl PETUKYJSIPHOIO OCTOBA TPAH3UTHBIX 30H
(Kaldjian et al., 2001; Katakai et al., 2004; Palm et al., 2016). 30HsI
KJIOHATIbHOH Tiponudepariy B-mmdoniTos (MQaTideckie y3eki),
B OTIMYHE OT COOTBETCTBYIOMINX T-30H, SIBISIOTCS JOCTATOYHO MHO-
TOYHCIICHHBIMY, PAcCesTHHBIMM T dy3HO (MO3aMUHO) B TIpesienax
KayKJIOH JIOJBKY 1 (POPMHUPYIOTCS UCKITIOYUTEIEHO BJIONb BHYTPHY3/IO-
BBIX JIMM(ATHYECKHIX CHHYCOB (KPaeBOro, apakOPTHKATILHBIX, HHOTTIA
mosroBsbix) (Katakai, 2004; Capece & Kim, 2016; Nurken & Marzhan,
2016; Gavrilin et al., 2017¢).

B numdatidecknx y3nax ¢ koywiekropamu [ Trma, K KOTOPBIM Tak-
K€ OTHOCSTCSI COOTBETCTBYIOLIE OPraHbl YeIOBeKa 1 J1a00paTOPHBIX
JKABOTHBIX, OOJIBIIIAST YaCTh JIMM(aTHUECKIX Y3EIKOB (hPOPMUPYETCS B
HHTeP(OITIKYIISIPHOH 30HE, B CAMOM ITOBEPXHOCTHOM CJIO€ ITApEHXHU-
MBI, BIIOJIb KpaeBoro cunyca (Rouse et al., 1984; Katakai, 2004; Ohtani
& Ohtani, 2008; Capece & Kim, 2016; Iwasaki et al., 2016). B muamda-
THYECKHX y3J1ax ¢ Kosulekropamu I1 Thra y3enky KOHIEHTPUPYIOTCS B

BUJIC THE3] B ITyOOKHMX yYACTKaX MapeHXMMBI ONIDKe K BEpIIMHAM
TpabeKyI1, Tie BHyTPUTPaOEeKyILSIpHBIE CHHYCHI (QOPMIpPYIOT paciimpe-
wust (Hoshi et al., 1986; Gavrilin et al., 2014; Gavrilin et al., 2017c). Tor
WV MHHOM THIT PACTIONIOKEHNST JIMM(ATUIECKUX Y3ENIKOB B ITAPEHXH-
Me y3JI0B BO3MOYKHO CBSI3aH C HEPaBHOMEPHO! KOHILICHTpAIel aHTh-
TEHIPE3CHTUPYIONMX KIETOK BO BHYTPUY3JIOBBIX JIMM(ATHIECKHIX
HPOCTPAHCTBAX, MAKCHMMAIIBHOE KOJIMYECTBO KOTOPBIX BBIIBIAETCS B
mMbe BHYTPHY3JIOBBIX JIMM(ATHUECKUX KOJUIEKTOPOB, 8 MUHUMAJIb-
HOE — BO BTOPOCTETICHHBIX, 00JIee MEJIKHX, OCOOCHHO MOBTOBBIX U BOPOT-
HBIX cuHycoB (Jia et al., 2012; Houston et al., 2016; Iwasaki et al., 2016).

AOCOIIOTHO JTOKA3aHHBIM, Ha CETOIHSIIHII JICHb, SBIACTCS (PaKT
PEaKTUBHOIO XapaKTepa Pa3BUTHS BCeX 03 NCKITIOYCHHSI CTPYKTYPHO-
(DYHKIMOHATBHBIX 30H KOMIIAPTMEHTOB MapEHXUMBI JIMM(ATHIECKHUX
Y37I0B. YKa3bIBa€TCsl, YTO MHTCHCUBHAS aHTUTEHHAS CTUMYJISILIUS TIPH-
BOIUT K 3—5-KpaTHOMY YBEIMUYECHHIO 00beMa TMM(pATHIECKHUX JOTEK
1, COOTBETCTBEHHO, €€ COCTaBIIFONIX KomioHneHToB (Gretz et al., 1997,
Sapin, 2006; Sainte-Marie, 2010). YcTaHOBJICHO TaroKe, UTO B YCIIOBH-
SIX €CTCCTBEHHOH YMEPEHHOH aHTHICHHOW CTHMYIIMA OOBEMHBIC
COOTHOIIICHHSI KOMITOHEHTOB JIMM(AaTHIECKUX JOJeK B JMpaTrdec-
KUX y31aX Pa3iMIHBIX BHJIOB MJICKONHTAIONIUX SIBIITFOTCS OTHOCH-
TEJIGHO CTAOMIBHBIMH. B COOTBETCTBYIOIMX OpraHax MOJOBO3PENBIX
JKABOTHBIX MAKCUMAJIGHBIH 00BEM XapaKTepeH Ul 30H KJIOHAEHOM
npormdeparmn T-mvdormroB (25-40% COBOKYIHOrO oObeMa Ia-
PEHXHMMBI) U, HECKOJIBKO MEHBILIE, 30H aKKyMyJISLIMH [UIa3MOLIMTOB
cunres3a anturen (20-30%). IIpu 3ToM OoTHOCHTENBHBIH 00BEM 30H
TpansuTa mMponuToB B 2-3 paza (10-15%), a 30H KIOHAIBHOI TIpo-
mcepamrm B-mmvgormros B 3-5 pa3 (5-15%) MeHbIIe BbIIICyKa3aH-
HBIX 30H KOMIIAPTMEHTOB C MAaKCHMAIBHOH cTeneHbto passuTust (Ni-
cander et al., 1991; Gavrilin et al., 2017c). OrMedaercs Takxke, 4T0 B
JAMGATHIECKUAX y371aX MO30JICHOTHX MIICKOMHTAIOIMX (BEpOIEoIa
OZIHOTOpOOr0), C XapaKTEePHbIM MHOTOYPOBHEBBIM THIIOM PACIIONIONKe-
HUSL KOMITAPTMEHTOB, 30HBI NposHdepaii 000MX OCHOBHBIX KJIOHOB
nMQOLMTOB pa3BUTHI B oHAKOBO# crenield (Gavrilin et al., 2017b).

HNmeroripiecs: Ha CErO/Hs CBEACHHS O 3aKOHOMEPHOCTSIX CTPYKTY-
PBI JIOJIEK B NIAPEHXUME JIMM(ATHYECKHUX Y3/I0B MIICKOIHUTAIOIIHX B OC-
HOBHOM TOJTy4YeHB! TIPH HCCIIEOBAHNN JaHHBIX OpPIaHOB B TOCTHA-
TIGHOM TEPUOJIC OHTOIEHe3a Y MOJNOBO3PENBIX M (DH3HOIOTHIECKH
3peNbIX 0CO0CH B YCIIOBUSIX «ECTECTBEHHOT0» KOMILIEKCA BO3ICHCTBHS
Ha OpraHbl IMMYHHOW CHCTEMbI aHTUT€HOB KaK 3K30-, TAK M SHJIOIeH-
Horo xapaktepa (Bélisle & Sainte-Marie, 1981; Vyrenkov et al., 1995;
Willard-Mack, 2006; Ikomi et al., 2012; Butler et al., 2016).

DopMHPOBaHKE LIESIOCTHOTO MPEJICTABIEHHUS O JUCKPETHOM CTpy-
KType MapeHXUMbI JTUM(PATHIECKHX y3/IOB Y MIICKOIUTAIOIINX HEBO3-
MOXHO 0€3 JJaHHBIX O Pa3BUTHH JMM(ATHIECKOH JTOJBKU KaK OCHOB-
HOW CTPYKTYpHO-(DYHKIMOHATBHON SIMHUII MApEHXIMBI y3/IOB Ha
BCEX dTarlax OHTOreHe3a.

AHTHIeHHBI TOMEOCTa3 KaK OJIHO W3 KIIFOUEBBIX YCIIOBHH COXpa-
HEHUs1 OMOJIOrMYeCcKOH MHAMBUAYATBHOCTH OpraHu3Ma 00ecreunBacT-
s y MJICKOIIUTAIONIMX KOMILIEKCOM Pa3lIMYHBIX MEXaHM3MOB Pe3nc-
TEHTHOCTU M PEAKTUBHOCTH Ha BCEX dTallax MHIMBHLYAJIBHOTO Pa3BH-
THS, B TOM YHCIIE U B TipeHaTtanbHOM oHTorenese (Hlystova, 1987; Sin-
kora et al., 2002; Jeklova et al., 2007; Ekman & livanainen, 2009; Bene-
zech et al., 2010). ITpu 3TOM CTPYKTYpHO-(DYHKIMOHATBHAS COCTOSI-
TEJIFHOCTB TepUDEePHUECKUX JIMM(POUIHEIX OPraHoOB Yy IUIOJOB MIICKO-
MUATAONMX (HOPMHUPYETCS MO JaHHBIM psifa HCCIICIOBATEIICH YKE B
IUIO/THOM TISPHOZIC OHTOIECHE3a, YTO OCOOCHHO BBIPAXKEHO Y IUIOOB
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3pENOPOYKAAIOIINX BHIOB KOIBITHBIX JKUBOTHBIX, ¥ XapaKTEpPU3yeTCs
aJICKBATHOM peaKLyieil Ha aHTHIeHbI ¢ JOPMHUPOBAHIEM ITOTHOLICHHO-
ro ummyHHoro oteera (Nishikawa et al., 2003; Randall et al., 2008;
Grigor'ev & Moljanova, 2009).

YuuTeBast 0COOBII SMHUTENNO- M IECMOXOPHAIBHBIA THIT CTpOe-
HUS TUIALICHTHI y OOJIBIIMHCTBA BHZIOB KOIIBITHBIX, KOTOpasi B HOPME
SIBIIIETCS aOCOJIFOTHO HEMPOHUIIAEMOH TSl MAKPOMOJIEKYJI C IIOTEHIIH-
QIBHBIMU AHTHTECHHBIMK CBOHCTBAMH, OCHOBHBIM (haKTOPOM aHTHUICH-
HOW CTUMYJIILIMY TTAPEHXUMBI NEPHPEPUISCKIX JIMM(POMIHBIX Opra-
HOB SIBJISIOTCS] aHTUTEHBI SHIOTEHHOTO TPOUCXOXKICHNS, KOHICHTpa-
1Sl KOTOPBIX B OpraHM3Me IUIOZOB BO3PACTACT MPOMNOPLMOHAIBHO
CTeTeHN pa3BUTHsI coOMaThyeckux cucreM (Sapin et al., 1978; Aagaard
et al., 2014; Parker & Makori, 2017). Bpems mosiBieHusI IpHU3HAKOB
JeUHUTUBHOTO CTPOCHIS TAPESHXIMBI JIMM(ATHYECKHX Y3IIOB y MIle-
KOIUTAIONIUX SIBIIIETCS JIMCKYCCHOHHBIM. B paboTax pasHBIX aBTOPOB
OHO BapbUPYeT OT CPESIMHBI ITIOAHOTO TIEpHO/ia O HAYaIBHBIX 3TaIloB
MOCTHATAIHLHOTO OHTOreHe3a (Sminia et al., 1986; Emelyanenko, 1987,
Sinkora & Butler, 2009; Grigor'ev & Moljanova, 2009). TTpu stom
CIIEKTp HCCIEAYEeMbIX B JUM(ATHUECKUX y3IaX IUIOIOB MOPQOIOru-
YeCKHMX MapKepOB MMMYHOKOMIIETEHTHOCTH B OCHOBHOM OIDaHHU4HBa-
eTCs TAKMMH TIOKa3aTeIsIMU Kak 00I1Iee KOIIIeCTBO JIMM(OIHOH Ma-
PEHXUMBI, TIPH3HAKH ee TU(HEpSHIMPOBKI Ha KOPKOBOE U MO3IOBOE
BEILECTBO, HAIMYME B IAPCHXUME Y3VIOB JIMM(ATHUECKUX Y3EIKOB
(Grigor’ev & Moljanova, 2009; Chuchkova et al., 2016).

Yro kacaercst acriekToB (popMUpOBaHUS U MopdoreHesa ImmMQo-
WIIHBIX JIOJIEK B JTMM(ATHYECKHX y3/IaxX IUIOIOB, OHU HA CErOIHSIIIHII
JIeHb UCCIIEI0BaHbI HEIOCTATO4HO. JloNbyaTast CTpyKTypa NapeHXUMBbI
y370B 00yCIOBIeHa OCOOCHHOCTSIMK MOp(OreHe3a JaHHBIX OpraHoB
BCJIC/ICTBHE BHEJPEHHS CPasy HECKOJIBKUX ME3CHXUMAIBHBIX CKOILIE-
HHI1 TIOYEK B mpocBete JmMpaTndeckux ciuHycoB (Mebius, 2003). Ox-
HaKo JAIbHEHIIe MeXaHm3Mbl MopdoreHesa 1 (GopMHUpoOBaHIS 30-
HAJIGHOH JI0JIBYATOH CTPYKTYPBI TMM(ONTHON IapeHXUMBI B JIM(a-
THYECKUX y371aX MIICKOIUTAIOIINX B YCIIOBHSIX KPAHE OrPaHIYeHHOTO
AHTHUTEHHOTO BO3/ICHCTBYS TIPH aBTOHOMHOM BHYTPHYTPOOHOM pa3BHU-
THH B JIUTEpaType NPAKTHUECKU He ONHcaHbL. [Ipexie Bcero 31o oTHO-
CHUTCS K 3PENIOPOKIAOLIMM BUIAM KOIIBITHBIX KHBOTHBIX, y KOTOPBIX
B CHJTy BBICOKOH CTETICHU 3PEJIOCTH allllapara JBIKEHUS TIPH POKIe-
HUH B3aHMOJICHCTBHE PEAKTUBHBIX CTPYKTYp OpraHu3Ma ¢ hakropamu
BHEIIHEH cpe/ibl HapacTaeT JABUHOOOPA3HO C MEPBBIX YacOB IOCTHA-
TAJIGHOTO OHTOT€HE3a, YTO TPeOyeT COOTBETCTBYIOIIETO YPOBHSI Pa3BH-
THSI ¥ KOMIICTEHTHOCTH QHTHTeHPEAKTHBHBIX CTPYKTYP.

Ienb maHHOM CTaThM — ONpENeNUTH 0COOSHHOCTH Mop(oreHesa
JIMM(OHMITHBIX IONEK (KOMITAPTMEHTOB) TAPSHXHMBI B JIMM(ATHYECKUX
y371ax 3periopOKIAIOIIMX BUIOB MIICKOIMTAIOLINX € JIMM(aTHIECKUMU
KOJUIEKTOpAaMH TIPOCTOTO THIIA Ha HPUMEpE IUIOZOB ObIKa JOMAIITHETO
Ha MaKpO-MHUKPOCKOITMYECKOM M TKAHEBOM YPOBHSIX OpTaHU3aLIHHL.

Marepuaj u MeTo/bI HCC/IeA0BAHUI

Marepuai st UCCIEAOBaHNH OTOMpPAIH OT IUIOJOB ObIKa IOMaIl-
Hero (Bos taurus Linnaeus, 1758), nomy4eHHbIX OT OEpeMEHHBIX 0CO-
6eit mocse y6ost (1o MpUYMHAM, HEe CBS3aHHBIM ¢ MH(EKIIMOHHBIMHE 1
VHBA3WOHHBIMU 3a00JI€BaHMSIMU) B YCIIOBHSIX MsiconepepadaThiBaro-
mrero npemmpustas «O0mneiHbiDy ropoma Jrumpo. [ necnenosa-
HUH TTyTeM aHAaTOMHYECKOrO MPENaprupoBaHis OTOMpaIM COMATHYeC-
K¥e — TIOBEPXHOCTHBIH IeiHbIA (Limphonodi cervicales superficiales)
1 BHCIIEpaIbHBIE — TOIIEH KUIIKH (L. jejunales) mavdaTideckue y3ib
OT IUIOJIOB Pa3HOro Bo3pacra: 2-MecsunbiX (n = 4), 3- (n=5), 4- (n =
10), 5- (n=12), 6- (n =5), 7- (n="7), 8- (n = 6) 1 9-MecsUHBIX (N = 6)
(Zelenevsky, 2013). Beero uccnenosato 110 opranos. Bospact mio-
JIOB ONPEJIEIISUTN [0 Macce, JUTHHE Tella U CTENEeHH Pa3BUTHS IIPOU3BO/L-
HbIX KOXkH (Studencov, 2000).

Hccnenosanus nposeieHb! B JJHUTIPOBCKOM rOCyJapCTBEHHOM ar-
PapHO-5KOHOMIYECKOM yHHBepcutere. OToOpaHHbIe OpraHb! (HKCH-
posam B 10% pactBOpe HelTpansHoro GopmamHa 5—10 cytok. IToc-
ne (uKcaryy 1enble OpraHbl WIM UX CEpeMHHbBIC CErMEHTBI, MOTy-
YeHHbIE B IUIOCKOCTH, NMEPIEHANKYJSIPHON NX BOPOTAM, NPOMBIBAIIA
TI0/I [IPOTOYHOM BOZIOH B TeueHne 6—12 yacoB vt ynanenus popma-
Ha. [l nosydeHust 0030pHBIX THCTOJIOTMYECKHX IIPENapaToB 4acTh

OpraHOB 1 CETMEHTOB 3AJIMBAIH B IapacyH, COrIaCHO OOIIEIPHHATHIM
METOJMKaM, a YacTh MCIOJNB30BATH JUIS MOMyYeHUs TOTAIBHBIX Cpe-
JIMHHBIX 3aMOPOYKEHHBIX CPE30B C UCTIOB30BAaHIEM MHUKPOTOMA-KPHO-
crara. V3 napauHOBBIX GJIOKOB HA CAHHOM MUKPOTOME M3TOTOBIISIIN
CepHITHBIC THCTOCPE3bI TONIIMHON 5—8 MKM ¢ JaJbHEHIeH OKPacKOi
TeMaTOKCUIIMHOM (Dprmxa) — 303iHOM, asyp Il — 503MHOM U THKpO-
¢yxcrHoM 1o Ban-I'm3on. Ha mMuxpoTome-kproctate MK-25M roto-
BIUTM TOTAJIGHBIE CPEIMHHEIC 3aMOPOYKEHHBIE CPE3bI JTMM(ATIIECKIX
Y3I0B C IOCIIEyIONIel UMIIperHaleil X HUTPaToM cepedpa Mo Me-
tomuke Pyra B Momudukarm Gavrilin (1999). Dtot Meron okpacku
WCIIOJIB30BAIH JUTS ONPeIeNieHNsT OCOOCHHOCTEH CTPYKTYpPHBIX Ipeod-
Pa30BaHUI PETUKYJISIPHOM CTPOMBI OPraHOB M OZHOBPEMEHHOM BU3Ya-
TIV3AIMN KaK TIM(ONITHBIX AOJEK, TAK M FIX OTAENBHBIX 30H.
I'ncromorndeckue Tpemnaparsl HCCISJOBAIA C HCTIONB30BAHHEM
cBeToBbIX MukpockonoB Olimpus CX-41 u Leica DM 1000 (okyssip
10, o6bexTHBEl "4, “10, "40). B THCTONOrHYECKUX MpENaparax, OKpa-
LIEHHBIX TeMATOKCHIMHOM W 903UHOM, 10 BaH-I'm30H, uMnperaupo-
BAHHBIX HUTPATOM cepedpa, ONpeessuIi KaueCTBEHHBIE U KOJIMYeCT-
BEHHbIE NOKA3aTeNy CTENEHH Pa3BUTHA U U(PHEPEHIIMPOBKY TKaHe-
BBIX KOMITIOHEHTOB (CTPOMBI, TAPEHXUMBI) X BHYTPHOPTaHHbIX JIMM(a-
THYECKUX CHHYCOB, a TalkoKe OCOOCHHOCTH (POPMUPOBAHKS TMM(OUT-
HBIX JIONIEK U MX OTAENBHBIX (PYHKIMOHATBHBIX 30H: MEXKIETOUHOTO
B3AMMOZICHCTBYS U TPAH3UTA — NEPH(EPUsT SIUHHI] IITyOOKOH KOpBI
(mapaxopTeKca); KIOHATEHOU npoimdeparmy T-miMpOoIrToB — IIeHTp
CIIMHUIL TITyOOKOU KOpBI (MTApaKOpTEeKCa); KIIOHATBHOM Mposdeparii
B-mamgormros — mmdaTieckye y3eky; HaKOIUICHNS I1a3MaTiyec-
KUX KJICTOK U CHHTE3a aHTHTEN — MO3TOBBIC TsDKH). KonmuecTBeHHbIN
AHAJIN3 TKAHEBBIX KOMIIOHCHTOB CTPOMBI, JIMM(OU/IHOH NapeHXUMBI C
€€ CTPYKTyPHBIMH 30HaAMH U JIMM(aTUIECKIX CHHYCOB POBOIFIIH Me-
TOZIOM «TOYEIHOTO CUETa» C HICHONB30BAHUEM OKYIPHBIX TECTOBBIX
CHCTEM U HaHECEHHBIMH PaBHOYAaIeHHBIMH Toukamu (100 Todek) Ha
BCeii oy rucronpenapara (Avtandilov, 1990). OTHOCHTENBHBII
00BEM BBILICYKA3aHHBIX KOMIIOHEHTOB 1 30H OIPEIeIIUTH o (hopMyie:
V;=PyP;- 100%,
rae V; — OTHOCHTENBHBIH 00beM HCCIeTyeMOoro KOMIIOHEeHTa, P; — uric-
JI0 TOYEK, TOTABIINX Ha CTPYKTYPHBII KOMIIOHEHT, P, — obree wucio
TOYEK TECTOBOH CUCTEMBI, TIOMABIIUX HA THCTONpENapar.
HeobxomMoe 9rcio TOYeK YISl TOMy9eHns JOCTOBEPHBIX JaH-
HBIX fi (MUHIMAITBHBIN pa3Mep BBIOOPKH, TIPU KOTOPOM BBIOOPOYHBIE
HAOJTIONIEHNST OTKJIOHSIFOTCSL OT 3HAYEHWH IS TeHEPATIbHON COBOKYTI-
HOCTH He OoJbIIIe 4eM Ha 5%), OnpeIersum 1o GpopMyrie:
1=400(100—n)/n,
TJIe N — YUCIIO TOUEK, MPUXOSIIMXCS HA QHATM3UPYEMBI KOMIIOHEHT
npu npesapuTersHoM mozcyere 100 touek (Avtandilov, 1990).
Mukpodotorpadur mosyyand ¢ HOMOLIBI0 MHUKpockora Leica
DM1000 (oxyssip “4, o6bextuBbl ~10/0,25, “40/0,65), uHTerpUpoBan-
HOT'O C MIEPCOHATEHBIM KOMITBIOTEPOM.
CrarucTrdecKnii aHaIM3 pe3ysIbTaToB IpoBezieH B Statistica 10.0
(StatSoft Inc., USA). Pazmidrist Mexxty BEIOOPKaMI OTIPEICIICHBI C HC-
nosis3oBaHreM ANOVA 1 cuntanuch 3HaunMbIMU 1ipu P < 0,05.

PesyabTarsl

JInmatigeckue y3ibl y Oblka JIOMAIITHEro 10 Hadasia IUIOIHOTO
TIEPHO/A TIPE/ICTABIICHBI ME3CHXIMATIBHBIMI TKAHEBBIMH 3a4aTKAMH H
OT/IEIBHBIMY TPYTIAMY KJIETOK TeMAaTOT€HHOT'O IIPOUCXOXKIEHN (PHC. 1).

Beipakennas muddepernmpoBKa JIMMpaTHIeCKHX Y3II0B Ha CTPO-
My U NapeHXUMYy OIpEAEIIeTCss HAUMHAsT TOIBKO C 3-MECS/MHOTO BO3-
pacra. C 1aHHOTO BO3pacTa M JI0 KOHIa IPEHATAIBHOTO IEPHOJia OHTO-
TeHe3a, NapeHXUMa JTMM(ATHYECKUX Y3/I0B SBIISICTCS HaHOoJIee Pa3By-
TBIM TKQHEBBIM KOMITOHCHTOM (Tali. 1). ¥ 3-MecsuHbIX IUIOOB Ma-
peHxrMa JTMM(paTHYeCcKIX Y3II0B Tpe/CTaBlIeHa JIMM(OHITHON TKaHbIO,
a COCIMHUTEIIFHOTKAHHAS CTPOMA — TUIOTHOM BOJIOKHUCTOH Heo(opM-
JICHHOH COGNMHUTENIEHOH TKaHBIO C COOTBETCTBYIOLINM KJICTOYHBIM
COCTaBOM M CTPYKTYpOH MEXKJIETOUHOrO BelecTa. B naHHbI nepu-
OJ Pa3BUTHSI CTPOMA YETKO MOAPA3IEISCTCSl HA KaICyJly ¥ BOPOTHOE
YTOJILEHNE C MHOTOYUCICHHBIMU KPOBEHOCHBIMHU ¥ JIMM(aTHUECKH-
MU COCYJJaMH, HO KariCyJIpHbIe TPaOeKyIIbl BHIPaXKEHb] HE3HAUHTENb-
HO (puc. 2).
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Puc. 1. CrorieHne Me3eHXUMATBHBIX (/) ¥ TeMaTOTeHHBIX (2) KIIETOK
B 3a9aTKe MIOBEPXHOCTHOTO IEHHOTO JIMM(aTHIeCKOro y3a: HapeHxuMa (3) JIMM(ATHIECKOro y371a TOMISH KHUIIKA 3-MeCSIHOTO
a3yp Il noo3un IUI0J1A: TEMATOKCHIIMH 1 303UH

Ta6smma 1
JHamyika oTHOCUTEIbHOro 00beMa (%o) JIMMQONIHOH NapeHXUMbI ¥ COSAMHUTEIIBHOTKAHHOH CTPOMBI
TM(ATHYECKUX y3JI0B ObIKa JOMAIIIHETO B PEHATATBHOM Iepro/ie oHToreHesa (x + SD)

. Bospacr, mec.
yaer Tiaressiif omoerT (%) 3,n=5 4,0=10 Sn=12 6,n=10 7n=7 8.n=6 9.n=6
TTOBEPXHOCTHBIH COGIMHUTENHHOTKAHHAs cTpoMa 9,90+ 1,52 133+£292°  1456+£248° 1492+245° 1624+149° 17,18+£097° 1728+1,06"
wieiHbIi IMMAOHIHAS TTApEHXHMA 90,10+1,52° 86,67+292" 76,79+439° 7604275 73,67+238° 7385+0,75° 6838+145
Tougii COS/MHUTENbHOTKAHHasA cTpoMa. 19,16 £2,315 1831+ 1,715 1423+2,03" 13,73+2,11" 1340+223" 1092+2,05" 15,08+193'
K o dhonTHAs MaperxiMa 8084+230 81,69+171' 7865+168% 78,10+281% 7526+643% 7447+497% 7243+582F

[Ipumeyanue: pa3HBIMU JIATHHCKMME OyKBaMHi 0003HA4Y€HbI BBIOOPKH JIOCTOBEPHO OTIHUaroiyecs oiHa ot apyroit (P < 0,05) no pesynbraram tecta Thioku.

JUtst maM(aTHYECKIX Y3IOB IUIONIOB JAHHOTO BO3PACTa XapakTep-
HO 3HAYUTEIIFHOE Pa3BUTHE TMM(OUITHOM TKAHH, OTHOCHTENBHBIH 005~
€M KOTOpOi, Ha ()OHE OTCYTCTBHSI YETKO BHIPOYKEHHBIX CHHYCOB y3/IOB,
B 4-9 pa3 Gosbliiec 00heMa COSTMHUTEIILHOTKAHHOM CTPOMBI (Tadi. 1).

Hauwnnas ¢ Tperbero Mecsiiia npeHaTaIbHOrO Pa3BUTHS IUIOZOB B
MM(ATHYECKNX y371ax HaOJIOAeTCs paszieNieHue JIMM(OUIHOI ma-
PEHXHMBI Ha JIBE 30HBL: GOJIBIIIYIO EHTPAIGHYTO (MO3rOBOE BEILIECTBO)
¥ MEHBIIYIO TiepudepidecKkyro (KOpKoBoe BemecTBo) (puc. 3a). Llen-
TpaJIbHasl 30Ha UMEET OIHOPOIHYIO CTPYKTYPY, MEHee IUIOTHYIO, ee
PeTHKyJIIpHast OCHOBA IPEJICTaBIIeHa T'YCTOH CETHIO H3BUTBIX BOJIOKOH,
KOTOpEIe, OOBEUHSICh MEXKTY CO00H, 00pasyIoT paBHOMEpHbIE sSTueh-
KM cpeHUX pasmepos (puc. 30). [Nepudepryeckas 30Ha TYCTO 3aro-
HEHa MAJIBIMU JIMM(OLMTAMH, UMEeT BUJ| TOHKOH IOJIOCKH, pa3Me-
ILIIEHHOH BIOMB Karncyibl. CeTh PeTHKYJAPHBIX BOJIOKOH B 3TOH 30HE
Gostee paspeeHa, a GONBIIMHCTBO BOJIOKOH MPEUMYILIECTBEHHO OpH-
CHTHPOBAHO TEPICHIUKYIISPHO KaICyJIe.

CoemMHATETFHOTKaHHAS CTPOMA B Pa3HBIX JIHMM(ATHUECKHX y371ax
pa3BuTa HEPaBHOMEPHO. B MOBEpXHOCTHOM IIEHHOM JIMM(ATHIECKOM
y3Ie OTHOCHTEINIGHBIH 00BEM COSIMHUTENIEHOTKAHHOM CTPOMBI TIPH
9TOM MHMHUMAIBHBIN, 710 4-MECSYHOIO BO3pacTa OTMEUEHO J0CTOBEp-
HOE €ro yBeJIMYeHHE 1 CTaOMIM3aIWst 10 KOHIA IUIOJHOTO MepHoja.
B nmmatideckoM y3ne Tomeld KUIIKA OTHOCUTENIbHBIA 00beM coe-
JIMHUTEIIbHOTKAHHOM CTPOMBI 3HAYMTEIBHO BBILIE, OH MAaKCHMAJICH,
3aTeM HaOIIFOIAeTCs TOCTENIEHHOE €r0 YMEHBILICHHE (HaYMHas ¢ S-Me-
CSIMHOTO BO3PAcTa) M HE3HAYMTENIFHOE YBENMUEHHUE (K KOHITY IIOJHOTO
niepriozia). B mepBoii Tpetn miomHoOro nepuoza (2—4 Mecsiia) OTHOCH-
TeNbHAS TUIOMAb JTMM(OUIHON MapeHXUMBI UMEET MAKCHMAJIBHOS
3Ha4YeHHe, HaunHas ¢ 4-MEeCSYHOTO BO3PacTa B IIOBEPXHOCTHOM IIIeH-
HOM U 5-MECSIMHOTO B JIMM(ATHYECKUX Y3/IaxX TOIIEH KUIIKH 3TOT 10~
Ka3areb TOCTENICHHO CHIDKAETCS, JIOCTUrask CBOEr0 MUHUMyMa y 9-Me-
CSMHHX IUIONOB. JIMHAMKKa OTHOCHTENHHOrO o0bema JMMQOrIHOM
MApEHXUMbI y TUIOIOB ObIKa CBsi3aHa ¢ mporeccaMu (popMHUpPOBAHHS
CHCTEMBI JTMM(ATHIECKUX CHHYCOB, PA3BUTHE KOTOPBIX COMPOBOXK/IA-
€Tcs1 ee CHIDKCHHEM Ha (DOHE BBIPKEHHON MOP(OIOTHIECKOH cerpe-
TalyH aPEHXHMBI y3JIOB.

B 4-mecsaHOM BO3pacTe HamOosee 3HAYMMO M3MEHSETCS COeU-
HUTENBHOTKAHHAs CTPOMa.

Puc. 3. Kopxosoe (/) 1 M03roBoe (2) BeIwecTBO IapeHXHMbI [TOBEp-
XHOCTHOT'O IICHHOTO JIMM(ATHYECKOTO Y371 3-MECSIMHOTO TIIOJia: d —
TEeMaTOKCHJIMH 1 5031H, 6 — AMIPETHALMS a30THOKUCITBIM cepedpoM
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B noBepXHOCTHBIX IIEHHBIX y371aX BBIIBIIACTCS OTHOCUTEIBHO He-
LIMPOKAst COSAMHUTENIBHOTKAHHAS KAIICYJ1a ¢ TOHKHMH KarCyJIIPHbIMU
Tpabexysiamu. B oTimidme oT coMaTHuecKrx, B BUCLIEPATBHBIX JuMdpa-
THYECKHX Y3/IaX COSAMHUTEIIBHOTKAHHAS KallCyJla TOHBILIE, KAICyJIsp-
HbIe TPaOEKyJIbl MEHEee BBIPOKEHBI, BOPOTHOE YTOJNIICHHE UMEET He-
OOJIBIITYIO TUIONIAIb U OBATIBHYIO (hOpMY.

Kak B cOMaTH4eCKIX, TaK U B BUCLICPATBHBIX JIMM(PATHUECKHX Y3~
Jax 4-MeCSUHBIX IUIONOB BIICPBBIC BBIBIISCTCS IIOJKAICYIISPHBIH
(kpaeBoit) cuHyc (puc. 4a). JlumdounaHas napeHXxUMa H3MCHSCTCS B
MEHBIIICH CTENCHH, HO UMCHHO B 3TO BPEMsI BIICPBBIC MOSBIISIFOTCS
TMpH3HAKK ee QYHKIMOHABHOM crienmanm3aii. [lepudeputdeckast 30-
Ha JIMM(OUTHOH NTAPEHXUMBI PACILIMPSETCS], IVIOTHOCT Pa3MEILeHHs B
Hell KeTok yBemmauBaercs. KancynspHeIMu TpaOeKyIaMu B TipoMe-
JKyTOYHBIMH (KOPKOBBIMH) CHHYCaMH TapeHXMMa HAuWHACT pasie-
JISITBCSL Ha OT/ENbHBIC I0JbKH. LIeHTpanbHas 30Ha TUM(aTHIECKUX y3-
JIOB CYILIECTBEHHO HE H3MEHSIETCSI, HO OTMEYaeTcst Hauasio (hopMHpoBa-
HUSI CHCTEMbI MO3TOBBIX CHHYCOB M MO3TOBBIX TSDKEH, C COOTBETCTBCH-
HOIi apXUTEKTOHHKOM PETHKYJIPHBIX ceTeit (puc. 40).

B mumbariteckux y3nax S-MecsuHbIX IUIOI0B Hanbornee BbIpa-
XKCHHBIE M3MEHEHHsI XapaKTepHBbI U1 JIMM(MOUITHOH TapeHXuMsl. 13-
3a YTOJIICHHS KallCYJIPHBIX TPaOeKysl M PasBUTHsI BOKPYT HUX HPO-
MEKYTOYHBIX KOPKOBBIX CHHYCOB IOJIbYATasi CTPYKTypa MapeHXUMBI
CTaHOBHTCSI YETKO BBIPOKCHHOH. B cpeHHBIX cpe3ax Jmmdariyec-
KHX Y3JI0B 5-MECSUHBIX ILI0I0B JTMM(OHHBIE I0JBKH PACTIONOXKCHBI B
OJIVIH CJIOH U Pa3BUTBI OTHOCHTEIIBHO PABHOMEPHO.

V monoB ObIka JOMAIIHEro, Kak U y HOBOPOXKIECHHBIX 0co0ei
JIAHHOTO BUJIA U TIOJIOBO3PEJIBIX JIA0OPATOPHBIX KUBOTHBIX, JIMM(ATH-
YeCKHE JIOJIbKHU MapEeHXUMBI JIMM(ATHIECKHX Y3/IOB COCTOSIT U3 KOM-
IIeKca KIETOYHBIX TSDKEH: TieprdepruiecKrie 30HbI €IMHHUILL TITyOOKOH
KOpBI ¥ HHTEP(OITHKYIISPHOM 30HBI (TpaH3HUTA JIMM(OLITOB U MEX-
KJICTOYHOTO B3aUMOJICHCTBYST), CHEPHIECKUX CTPYKTYp — LICHTPHI €/IH-
HHII DITyOOKOH KOPBI M JIMM(ATHIECKHe Y3eIKH (KIOHAEHOM IPOJH-
(eparmu TUMGOIMTOR) X MO3TOBBIX TDKEH (30H MOTCHIHATLHOTO Ha-
KOIUICHUS IUIa3MaTHUEeCKUX KICTOK M CUHTE3a aHTUTeN). B aHHbIi ne-
MO TIPAKTUYECKH B KaXKIOH JTMM(MOUIHOMN TONbKe JTMM(pATHIECKOro
y3J1a OIpENEIOTCS Bee (DYHKIMOHABHBIE 30HBI, HO CTENEHb MX pa3-
BUTHS 3HAUYMTENIBHO OTJIMYACTCS KaK B MPeJienax JIoJeK OJHOTO y3Uia,
TaK U JJOJIEK COMaTHYECKUX 1 BUCLIEPATBHBIX JIMM(ATHUECKUX Y3IIOB.

Haubornee pa3sutbiMu 30HaME JTMM(ATHYECKHX JIOJICK TApeHXH-
MBI JIIM(ATHYECKHX Y3/I0B 5-MECSYHBIX IUIOOB SIBIISIOTCS CIMHHLIBI
1yOOKO#IT KOPBI ¥ MO3IOBBIE TSDKH, OTHOCHTENIBHBIH 0OBEM KOTOPBIX

Taémmma 2

NPAKTUYECKH OJIMHAKOB KaK B COMATHYECKHX, TAK M B BUCLIEPAIBHBIX
JIAM(ATHIECKUX y371ax (Taou. 2).

¥l Ty
R l‘_.,‘_“.

100 pm

Puc. 4. Ioaxancyssapsiii (1), mpoMexyTouHsle (2), MO3roBble (3)
nmMpaTHUIeCKie CHHYCBI B TOBEPXHOCTHOM ILIEHHOM JIMM(aTHYECKOM
y371e 4-MECSYHOTO IUI0/IA: ¢ — TeMATOKCHIIMH M 303HH;

6 — IMITPETHAIMS A30THOKHUCITBIM cepedpoM

JlnHaMuKa OTHOCHTENBHOTO 00BeMa (%o) KOMIIOHEHTOB JIMM(OMITHOH MApEHXUMBI
TM(paTIYECKHX Y3I0B OBbIKa JOMAITHETO B PEHATAIBHOM IIeprozie OHTOreHe3a (X + SD)

. Bospacr, Mec
Vaen KoMITOHEHTBI JTMM(pOHTHOH TapeHXUMBI Sn=12 6n=10 Tn=7 Sn=6 on=6

UHTEPOILTHKYISIPHAS 30HA 483+247° 6,10+2,30" 6,21 +1,99* 8,60+2,13% 948+3,14°

ToBepx- LEHTPATbHBIC 30HBI SIUHHLL ITyOOKOM KOpBI 245+0,71° 4,63+1,15° 546+121° 548+0,72°¢ 643+£0,92°¢
HOCTHBIH TIAPaKOPTHKAIBHBIE TSOKI 34,79+£247¢ 3585+231¢ 243+185° 21,13 +2,15° 16,88+324f
IIEHHBIH JIM(aTHYECKHE Y3eIKH 0,52+0418 0,70+£0,37¢ 0,71+£0,27¢ 1,07+0408 127+045¢
MO3TOBBIE THKH 3421+4,12" 29,10+437' 38,86+248 37,58 £2,61 3433 +3,82
HHTeP(OILTUKYISIPHAst 30Ha 6,40+ 128 5,67+ 1,50% 733+145' 7,62 +228" 9,90+2,19"

Toueit LEHTPIIbHBIE 30HbI S/IMHKILL [ITyOOKOM KOpbI 2,70+£1,13™ 6,76 £ 1,67™ 9,07 +1,42" 1041+1,51" 11,82+1,88"
TAPAKOPTHKATBHBIE TSIKA 33,00+2,68° 2320+397° 20,93 +£2,79? 22,53 +290° 25,12 +£3.32°
TIM(pATAIECKHE Y3EIIKH 141+0,609 1,75+0434 243+036" 242+039" 3,10£047°
MO3IOBBIE TSDKH 3514 +2,63" 40,73 +£3,28" 35,50+7.29" 31,50+ 5,60" 2248 +547"

Tpumeuanue: cM. Taoi. 1.

Enunuiib! 1ityGOKol KOPBI SIBIISIFOTCST OCHOBOM KaKIOH JTMBOUI-
HOU JIONIBKH 1 UIMEIOT YETKYIO MOJsIpHyto quddeperimarro. Pacim-
PEHHBIH TIOIOC HEMOCPEACTBEHHO IPAHUUUT C TTOAKAICYIISIPHBIM CH-
HYyCOM, a Cy>XCHHBII HalpaBjeH K BOPOTHOMY yTOJIIEHHIO, OOKOBBIE
TIOBEPXHOCTH OTPaHIYECHBI IIPOMEXKYTOUYHBIMH KOPKOBBIMH CHHYCAaMU,
PAacIONOKEHHBIMH TIPEHMYIIECTBEHHO BJIOJIb KAICYIIIPHBIX TPAaOeKyI.
Kaxxnast emviHuIa riyOOKO# KOpBI, HAUMHASI ¢ 5-MECSYHOTO BO3pacTa
IUIOJIOB, YETKO Pa3ieNsieTcs Ha IeprdeprIecKyto 1 EHTPAIBHYIO 30HBL.
ITepudepryeckas 30Ha IpeICTaBIeHa NAPAKOPTHKAILHBIMH TSHKAMU 1
MHTeP(OIUMKYIISIPHOM 30HOH (KOPKOBBIM ILIATO). MaKCHMabHbII OT-
HOCHTEJIGHBI 00bEM NMEIOT MTapaKOPTUKATIBHBIE TSHKU, KOTOPBIE B S—

7 pa3 MpeBBbILIAIOT 00beM HHTEP(OILTUKYISIPHO# 30HSI (Tabu. 2). Hau-
MEHee Pa3BUTHIMH 30HAMHU JIMM(OUIHBIX JO0JICK SBIIOTCS 30HBI pa3-
MHOXeHUsI T- 1 B-MQoImToB, py 3TOM LEHTPBI SAMHHIL Ty OOKOH
KOpBI, KOTOPbIE SIBISIOTCS 30HAMH KIIOHATBHOW Tpornmeparii T-mmmv-
(horrToB, GoJee pa3BUTHL, HEKENH 30HBI Mpormdeparmy B-avdorm-
TOB (JIMM(ATHYECKHE Y3EIKH).

Jlumpartideckue y3enkd B JIMM(ATHYECKHX Y3IaX S-MECSUHBIX
IUIOZIOB BBISIBIIIIOTCS B HE3HAUYNTENIBHOM KOJIMYECTBE M TOJIBKO Iep-
BHYHbIC (0€3 LIEHTPOB Pa3sMHOMKEHHS), MX OTHOCHTENIBHBIA 00bEM Me-
Hee 1% B comaTnueckux U MeHee 2% — B BUcLepanbHbIX. OHH Hpeu-

MYILECTBEHHO (DOPMHPYIOTCS HA OCHOBE MHTEP(OIITUKYIIIPHON 30HBI
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1 B 3TOM BO3PACTe JIOKAIM3UPYIOTCS BJIOJb KPacBoro cuHyca. Bo Bcex
HCCTIeyeMbIX TMM(ATHISCKUX y37IaX IIOJ0B JAHHOIO BO3PAcTa JIHM-
(ovHbIC ONBKY PaCHONAraloTCst B OJUH Psil, HO Pa3BUTbI HEPABHO-
MEpHO B COMAaTHYEeCKMX M BHCLEpAIbHBIX JMMpoy3nax. B nosepx-
HOCTHOM IICHHOM JTMM(aTHYECKOM Y37Ie JIONIBKM YETKO pa3liesIeHbI
MEXITy cOOOI XOPOILIO PA3BUTHIMU KaICyIIAPHBIMU TpaOeKyIaMH, BOOTb
KOTOPBIX PAaCIIOJIOKEHBI MPOMEXKYTOUHBIE CHHYCHI (prc. 5a). B mmm-
(oy3nax Toreil KKK 13-3a MEHEe PAa3BUTOr0 TPAOEKYJIIPHOTO arma-
para ¥ M3-3a HE3HAYMTEIIHHOIO TPOCBETA TPOMEKYTOYHBIX CHHYCOB
CTPYKTYpa MapeHXHMBbI BBIPOKEHA HE YETKO (pHC. 50).

Puc. 5. Jimonabie JOTBKN TMMBATHIECKUX Y3I0B S-MECSIHBIX
IUI00B ObIKA JOMAIIHETO: ¢ — B IOBEPXHOCTHOM ILEHHOM
(TeMaTOKCHIIVH | 3031H), O — B IMM(ATUIECKOM y3/Ie TOIEH KUIIKH
(MMIIperHanyst a30THOKHCIIBIM CepeOpoM)

Tlpn wccnenoBaHMM THCTONPENAPAToB JIMM(ATHUECKHX Y3IOB,
HMIIPErHUPOBAHHBIX a30THOKUCIIBIM CepedpoM, OIpe/esieHo, UTo I
KaKI0i (DyHKIMOHAIBHON 30HBI XapakTepHa crelpdideckas apxu-
TEKTOHHKA PETUKYJPHBIX BOJOKOH. JUIsl LIEHTPAIBHBIX 30H €IMHMIL
TTyOOKOM KOPBI 3TO KPYITHONETIIMCTAS COTOOOpa3Hast, U TapaKkopTH-
KaJIbHBIX TSDKEH M UTep(OIUTHKYIIPHON 30HBI — MEJIKOIETIIHCTAs CO
crier(UIecKol TIETeHENo00HOH CTpYKTypoi (puc. 6a). st mim-
(baTHYecKIX Y3eIIKOB XapaKTepHa PABHOMEPHAs CPE/HEIICTIINCTASI CETh,
a JUTsl MO3TOBBIX TSDKEH — IUIOTHBIC MEJIKONETIIMCTBIC CETH, KOTOPBIC
OKpY>KaroT KPOBEHOCHBIE COCY/IBI (pHUC. 60).

Taroke HauMHAsI C 5-MECSIHOTO BO3pacTa IIOZI0B 3HAYHTEILHOTO
Pa3BHUTHS JOCTUTAeT CHCTeMa JIMM(ATHYECKUX CHHYCOB B JMM(ATH-
YeCKHX Y3J1aX, KOTOpast COCTOUT U3 MOIKAICYISIPHOTO (KPaeBoro), Bo-
PPOTHOTO, MEKyTOUHBIX KOPKOBBIX H XOPOLLO BHIPOKEHHBIX MO3TOBBIX
CHHYCOB (p¥C. 7).

Hawnbonee pa3BuThIME (yHKIFOHATBHBIMI 30HAMH JIM(OUTHON
TIAPEHXHMMBI Y3/I0B ObIKA JOMAIITHErO Ha POTSDKEHUH TUIOHOTO [Iepro-
JIa OCTAFOTCSI C/IMHUIIBI TITyOOKOM KOpbI M MO3IOBbIC TSDKU. B emunm-
11aX TTyOOKOH KOpbI OOJIBIIIYIO YacTh 00beMa 3aHUMAIOT TTAapAKOPTH-
KaJIbHbIC TDKU. JIMHAMUKA X OTHOCHTENIBHOTO 00beMa B IapeHXUME

MOBEPXHOCTHOTO IIEHHOrO y37a XapaKTepu3yerTcs CTaOHIBHOCTBIO
9TOro MOKa3arelisi Ha NPOTSHKEHUH 5—6-ro Mecsila, JOCTOBEPHBIM CHU-
JKEHUEM Ha4HMHas C 7-MECSAYHOTO BO3PacTa IUIOJI0B C JIOCTIKEHHEM MH-
HUMAJIGHBIX 3HAYEHNH K KOHITy IUIOHOTO NEpHo/ia OHTOreHe3a. B mim-
(baTyeckHX y3max TOMIEH KWIIKK JAHHBIA MOKA3aTeNb JOCTOBEPHO
CHIDKACTCSl YK€ C 6-MECSMHOTO BO3pacTa IUIONOB, B MOCIEAYIOMIEM
CTaOMIM3UPYETCs U 10 KOHIIA IVIOAHOTO MEepHo/a He IpeBbimaeT 20—
25% (Tabm. 2).

Puc. 6. ApXUTEKTOHHKA PETHKY/IAPHBIX BOJIOKOH LIEHTpPA €IMHHULIBI
TTy0OKO#t KOpbI (1), MApaKOPTHKATBLHBIX TSDKEH 1 MHTeP(OILTHKY-
JISIPHOH 30HBI (2), uMaTryecKoro y3ernka (3), MO3roBbIx Tshek (4)
TIOBEPXHOCTHOTO IIEHHOTO JTMM(ATHIECKOT0 y371a 8-MECsSIHOrO o2
ObIKa JOMAIITHETO (MMITPErHALIHS a30THOKHCIIBIM CEpeOpoM)

B ommime ot mapakopTHKaIBHBIX TSDKEH, OTHOCHTENBHBI 00beM
LEHTPAIGHBIX yYacTKOB EIMHUI[ ITyOOKOH KOPBI HA HPOTSDKCHNH
BCEro IUIOJHOIO Meprozia Bo3pacTaeT. B comarnueckux mmmdaruyec-
KHX y3J1aX MX OTHOCHTEJIbHBIN 00BEM JIOCTOBEPHO YBEITIUMBACTCS, Ha-
YnHAs C 6-MECSYHOTO, @ B BUCLIEPATIbHBIX — C 7-MECSYHOrO BO3pacTa.
COOTHOIIICHHE OTHOCHUTEIIHHOTO 00bheMa NapaKopTUKATBHBIX TSDKel 1
LIEHTPOB €IMHHII ITyOOKOI KOPBI B HAYaJIe IJIOIHOIO TIEPHO/iA COCTAB-
JISIET B TIOBEPXHOCTHOM IIeiiHOM y3iie 1/14, a K KOHITy IIOJJHOTO Mepy-
o71a TONBKO 1/2,6, a B TAM(ATIHYIECKUX y3Tax Tomield kumke — 1/12,0
1/2,3 COOTBETCTBEHHO.

NatepdommkyrsipHast 30Ha B TIOBEPXHOCTHOM ILEHHOM JIMM a-
THYECKOM y37Ie B Ha4aJIe IIOJHOTO TIepHojia CocTaBsieT 1/7, a B M-
(aTiHecKkoM y3iie TOIIeH KUIIKH 1/6 OTHOCHTEIBHOTO 00beMa SIMHHIL
TTyOOKOM KOpbl. Ha mpoTshkeHny II0aHOro neprosia €e OTHOCUTENb-
HBII 00BEM NPAKTHYECKU He M3MeHseTcs 1 He npesbimaet 10%. Ho B
CBS3U C TEM, YTO OTHOCHUTEIBHBIA OOBEM EIUHHI] ITyOOKOH KOpBI
TIOCTENCHHO CHIDKAETCSI, COOTHOIIEHHE 00beMa NHTeP(OILIKYIISIPHOK
30HBI K 00BEMY €JMHHII ITyOOKOH KOpBI BO3pacTaeT o 1/2 B comaru-
YeCKUX y3J1ax U 1/4 — B BUCLIEPATIGHBIX.

JIumdartideckue y3enku B JTUM(OUIHON MapeHKuMe JMbaTi-
YeCKHX Y3/I0B, Ha TPOTSDKCHUHN NPEHATAILHOIO TIEPHO/Ia OHTOreHe3a,
OCTAIOTCS] HEIOCTATOYHO Pa3BUTHL VIX COBOKYIHBIN OTHOCHTEIBHBIA
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00BbEM B COMaTUYECKHX JTMM(ATHUECKUX Y31ax AocTiraet 1% Toimpko
K 8-MecsSMHOMY BO3pAcTy IUIOJOB, @ K KOHILy [PEHATATIBHOIO Pa3BUTHS
He nipesbiuaet 1,3%. Bonee pa3BuThbl uMQaTHUecKHe Y3e/IKu B BUC-
LEpaTbHBIX JIMM(ATHYECKUX y3/1axX, I7ie JO KOHLA 9-MEeCSYHOro BO3-
pacTa MX OTHOCHTENBHBIM 00beM mocTuraeT Gonee 3% u cpeny HUX
BBIBISIFOTCS Y3€IIKH C LICHTPaMH Pa3MHOKEHISL.
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Puc. 7. JlnHamMuKa OTHOCHTEIIEHOTO 00BbeMa TMM(ATHIECKUX CHHYCOB
JIMM(aTHYECKUX y3II0B ObIKa JIOMAIIIHETO Ha IPOTSDKEHHH
5-9 MecsITieB NPeHATaTBHOTO TIePHOia OHTOTeHe3a:
@ — MOBEPXHOCTHBIH MICHHBII, 6 — TAM(OY3eJT TOIICH KHIIKA

Jnmdarnyeckue y3eikd B TMM(ATHYECKUX y3/Iax IUIONOB Ipe-
MMYILECTBCHHO PACIIONAraroTCsl BIIOJb TIOJKAICYJIAPHOIO CHHYCa Ha
OCHOBE HMHTEP(MOJITHKYJIIPHOM 30HBL, HO HAuMHAsA C 8-MECSIHOIo
BO3pacTa B HEKOTOPBIX JMM(ATUYECKHX y31aX TOIICH KHUIIKH OHM
OBUTH BBIBIICHBI HA OOKOBBIX TIOBEPXHOCTSIX SIMHHII IITyOOKOH KOPBI,
YTO CBUJETENIECTBYET O BO3MOXKHOCTH UX (DOPMHPOBAHMS Ha OCHOBE
TIePaKOPTHKAIBHBIX TsDKelt (puc. 8).

Mo3roBble TSDKH PasHON KOH(PUIYpAIMH MOJHOCTHIO (GOpMHUpPY-
0TCsl, HAYMHAS C 5-MECSYHOrO BO3PAcTa, 3aHUMasi B COMAaTUUYECKHX U
BHCLIEPAIBHBIX y3/1aX OKOJIO 35% OTHOCHTENIBHOrO 00beMa JTMMGpOH/I-
HOU MapeHXUMBbL. J[MHAMUKa Pa3BHUTHS OTHOCHTEIHHOIO 00BbeMa MO3-
TOBBIX TSDKEH B COMATUHECKHX JIMM(ATHHECKUX Y3/IaX XapaKTepH3yercs
JIOCTOBEPHBIM €I0 YMEHBIIICHHEM JI0 6-MECSYHOTO BO3PACTA, YBEIHYC-
HHUEM U CTa0WIM3alield MOKa3aTels ¢ 7-MEeCSYHOrO BO3pacTa U 10
KOHIIA NIPEHATATHHOTO Pa3BUTHSL. B BHCIEPAIBHBIX JTHM(ATIIECKIX
y37ax 10 6-To MecsIia pa3BHUTHS IUIOZIOB OTMEUEH JOCTOBEPHBI POCT
OTHOCHUTEJIBHOTO 00beMa MO3IOBBIX TSDKEH M Pe3K0oe ero yMeHbIICHHEe
JI0 9-MeCsSIUHOTO Bo3pacra.

Takim 06pa3oM, K KOHILY IUIOHOTO Mepro/a JTMM(paTHIeCKUES y3-
J1bI ObIKA JIOMAIITHErO MIMEIOT BBICOKYIO CTEIICHb CTPYKTYpPHOU ardde-
PEHIMAINH U TIPEZICTABIICHBI JOCTATOYHO CHOPMUPOBAHHBIMU JTiMpa-
THYECKAMH JOJbKaMK (KoMrapTMeHTamu). Ha mpoTspkeHrM Bcero
TIPEHATAIBHOTO MIEPUOJIa OHTOTeHe3a IMM(aTHIeCKIe TOJBKU JTMpa-
THYECKHX Y3VIOB PACIOJIAraloTCsl OJHOCIIOHHO BIOJIL XOPOIIO BEIpa-
MKEHHOTO TIOJKAICYJIAPHOrO cuHyca. Mexty coboil muMdarinyeckue
JOJIBKY Pa3JIeIIAIOTCs KalCyJPHBIMUA TPaOeKyJIaMU U IIPOMEXKYTOY-
HBIMH KOPKOBUMH (TTAPaKOPTUKATIBHBIMK) CUHycaMu. B cBs3u ¢ TeM,
YTO KaICyJIspHbIE TpaOeKyJibl onee pa3sBUThI B COMATHYECKUX Y31ax,

TO U CTCIIeHb PA3/ICNICHHS JIOJIEK MEXTy COOO0i GOJbLIe BRIpOKCHA B
TOBEPXHOCTHOM ITICHHOM y3J1e (puc. 9).

Puc. 8. JInmdatiaeckuie y3enKkn Ha OCHOBE HHTEP(HOIUTHKYJIIPHOI
30Hb!I (/) ¥ TAPAKOPTUKATIBHBIX TsDKel (2) B TUM(ATHISCKOM
y3JI€ TOLEH KUILIKU: ¢ — FeMaTOKCHIINH 1 303HH,

6 — IMITPErHAIMS 230 THOKUCITBIM cepedpoM

K KOHITy IUIOIHOTO HEpHOa OHTOreHe3a MPAKTHYECKH B KXKIOH
TMQaTIIecKOH JIOIbKe MapeHXUMBI JIMM(ATHIECKUX Y3/I0B TUIOIOB
BBIPKEHBI BCE OCHOBHBIC CTPYKTYPHO-(YHKIIOHATBHBIE 30HBI Kak
TpaH3WTa JMM(OLMTOB M MX KIOHAIGHON HpoiMdepalyy, Tak |
HOTCHIMAIBHOTO HAKOIUICHHS [LIa3MOLIUTOB M CHHTE3a aHTHTEL.

Oocy:xeHue

PesynbTarsl HaMX Mcce0BaHU CBUJIETENBCTBYIOT, YTO Y 3pe-
JIOPOKIAIOIIMX KOTIBITHBIX MJICKOITHUTAIOIX (OPMUPOBAHHE OCHOB-
HBIX JIe(UHUTHBHBIX YepT CTPOCHUS JIMM(ATHIECKUX YIIOB KaK Iie-
pubepryeckux JTMMMOMIHBIX OPraHOB MPOUCXOIUT B IIOXHOM IIEpHO-
Jie TIPEHaTATIBHOIO OHTOIeHe3a ITOJTAIHO, C OCTENCHHBIM YBE/IYCHHU-
€M CTEIIeHH CTPYKTYpHO-(yHKIHOHATBHOM MudepeHmariy mumbo-
WIHOW TAapeHXMMbl M, KaK CJEICTBHE, (OPMHPOBAHMSA KOMILIEKCA
MOP}OIOrHYECKHX MapKEPOB MIMMYHOKOMITETCHLIUHI.

Jlonbyarasi CTpyKTypa B JTUM(ATHIECKHX Y3/1aX MICKOIHTAIOIINX
3aKJIAIbIBACTCS Y TPEIUIONOB, & OCHOBOW KaXKIOH CyOBEIMHHIIBI 1aH-
HBIX OPraHOB SIBISICTCS OT/IE/bHAS ME3CHXUMAIIbHAS TT0YKa, KOJTHYeC-
TBO KOTOPBIX B TE€X WM HHBIX y3/IaX JCTCPMUHHUPOBAHO ICHETHUCCKU
(Mebius, 2003). B 10 ske BpeMs1 OKOHUATENBEHOE (POPMUPOBAHKE JI0JTh-
YaToi CTPYKTypbl HMapeHXUMbI C 4YETKOM BU3yaau3alMed JaHHBIX
CTPYKTYP CBSI3aHO C TaKMMH (PaKTOpaMH KaK Pa3BHTHE B JIOJIBKE TIOJ-
HOTO KOMIUIEKCa MMKPOLIMPKYJIITOPHOTO PYCIIa, B TOM YHCIIE BEHYII C
BBICOKHM 3HzI0TeNeM, auddepeHnrpoBKa BHY TPy 3I0BbIX JIMM(ATH-
YeCKHX MPOCTPAHCTB U, KaK CIICJICTBHE, 3aCENCHHE T0JICK UIMMYHOKOM-
TIETEHTHBIMH ITyJTaMy T- 1 B-IMMQOIHMTOB 1 BKIIIOYEHHE y3/IOB B 00~
IIyr0 cucTeMy permpKyisiin JmMgormtos (De Bruyn & Cho, 1990;
Rjabchikov et al., 2002; Ekman & livanainen, 2009; Benezech et al.,
2010; Platt & Randolph, 2013; Ager, 2017).
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3HAUMTENIBHOE YBEIIMUCHUE B MApEHXUME JIMM(ATHUECKIX Y3II0B
3-MeCSYHBIX IUIOZOB ObIKAa JOMAIIHErO KOJIMYECTBA JIMM(OLMTOB C
KOHLIHTPALMEH UX BIOJb KPaeBOro CHHYCA, BEPOSITHO, SBIISICTCS CBH-
JIETEITHCTBOM TOTO, YTO MMEHHO B 3TOT IEPHOJ] MUKPOLIMPKYJIITOPHOS
PYCIIO TaHHBIX OpraHoB HpHOOpeTaeT Ne(UHUTHUBHBIC YEpPThI CTpOe-
HUSL, @ LEHTPAIbHBIC OPraHbl IMMYHHOH CHCTEMBI IPOAYLIMPYIOT JI0-
CTaTOYHOE YISl 3aCENIeHHs TTeprA(epHIecKIX TMMGpOMIHBIX OPraHoB KO-
JIYecTBa IMMyHOKOMITETeHTHBIX JiMormos (Rjabchikov et al., 2002).

Puc. 9. Jlmmaruyeckre TOTBKA B TAPESHXAME TOBEPXHOCTHOTO
MICHHOTO JIMM(ATHYECKOTO Y371a: ¢ — TeMATOKCHINH U S03UH,
6 — MMITperHariysi a30THOKHCIIBIM cepedpoM

Mopdornornyeckue MapKepbl HUTMUWS B OpraHmMe Iwiona QyHK-
LM MMMYHOJIOTHYECKOI PEaKTMBHOCTH (alallTUBHOTO criemduyec-
KOr0 MMMYHHTETa) BIIEPBBIC BBIABILIOTCS Y S5-MECSUHBIX ILIOJOB.
VIMEHHO B 3TOT neprofi HOPMHUPYETCs TIOTHOKOMIIOHEHTHOE BHYTPH-
Y3710BO€ JIMM(aTHYECKOE PYCIIO, KOTOPOE BKIIIOYAET B CeOsl OCHOBHOM
JM(aTHIECKUi KOJUIEKTOp (KPaeBOH CHHYC) U PSiI MX TPOM3BOHBIX
(MapaKopTHKAIBHBIC K MO3TOBBIC CHHYCBI).

30Ha KioHATBHOH Tporkdeparmu T- u B-muMdormros B mpa-
THYECKHX JIOIbKAX MapEHXUMBI JMM(ATHUECKHX Y3JI0B 5-MECSUHBIX
IUIOZIOB pa3BHTa KpailHe HE3HAYUTENbHO Ha (hoHe ropasio Gonee cy-
IIECTBEHHO PAa3BUTHIX 30H MHIpalyH JMMQOLMTOB (TPaHCIOPTHBIX
KOPHZIOPOB), @ TAKKE MO3TOBBIX TSDKEH, KOTOPBIE COCTOSIT IPEHMYILIC-
CTBEHHO 13 (pUOPOOIACTHIECKUX PETUKYIIPHBIX KIIETOK U FIX BOJIOKOH
(Katakai et al., 2004; Benezech et al., 2010).

MuHHMaTbHBIE MOP(HOMETPHYECKUE XApAKTEPUCTUKH 30H KIIO-
HaJIbHOH TIpormdeparmy IMMQOIUTOB B TMM(pATHIECKHX Y3/ax IUIo-
JIOB CBSI3aHBI C TEM, UTO Yy IUIAICHTAPHBIX MIICKOITUTAIOIIMX aHTHUTCH-
HBIi MPECCHHI Ha OPraHbl HAa PAaHHMX 3TAllaX OHTOTEHe3a SBILCTCS
KpaiiHe HEepaBHOMEPHBIM, OH JIABUHOOOPAa3HO HApacTaeT Herocpesi-
CTBEHHO TOCNE POXKICHHS, B IIEPHOJ] TTOCTHATAIILHON ajanTalii U
HMEeT BBICOKMC CTAOMIbHBIC TOKA3aTeNnd Ha JAIBHEHIIMX STarax
niocTHaTabHoOro passuTws (Gavrilin et al., 2017a, 2017c).

V II010B MIICKONHUTAIONIMX, OCOOEHHO y BHJIOB C JIHUTEINO- U
JIECMOXOPHITBHBIM THIIOM IUIALIEHTHI, B HOPME A0COTIOTHO HEIPOHH-

1[aeMO¥1 11 KaKuX JIMOO OTHOCHTEINIBHO KPYITHBIX MOJIEKYJI, KOTOpbIE
MOT'YT TIOTEHIMAJIHO MMETh aHTUICHHBIE CBOKCTBA, aHTUTCHHAS «Ha-
Tpy3Ka» Ha nepudepudeckie TMMQOKIHbIE OpraHbl BeChMa He3HAUH-
TenbHa (Sapin, 2006).

ENMHCTBEHHBIM CTHMYJIOM VISl PA3BUTHSI AHTHTCHPEAKTHBHBIX
CTPYKTYp B NepHpEPHIECKUX JTMM(POUIHBIX OPraHaX y MIICKOIHTA0-
IUX ¢ HanOoJIee COBEPIICHHBIM IUTAIIeHTapHBIM 0apbepoM CUUTAFOTCS
SHJIOTCHHBIC MaKpPOMOJICKYpbI (SHIOTCHHBIC aHTHICHBI), KOHIICHTpa-
15 KOTOPBIX B OPraHU3ME IUI0Zia BO3PAcTaeT NPOIOPLMOHAIBHO Mac-
mrabaM (HOPMUPOBAHMST COMATHUYECKHX CHCTEM OpraHM3Ma IUIoja
(Emelyanenko, 1987; Sapin et al., 1978).

Hamu ycraHOBIIEHO, 4TO B JIMM(OUIHBIX JOJBKAX NapeHXUMbI
IUIOZIOB ObIKa JOMAIITHEr0 Ha MPOTSHKEHHH BCETO IUIOAHOTO MEpHozia
MactITalbl pa3BUTHS (OTHOCHTEIBHBI 00BEM) 30H KIOHAIBHOU MPo-
mmdeparyi T-TMMQOIMTOB 3HAYUTEIHHO TPEO0IIaacT COOTBETCTRY-
0N MoKazaTelb B-3aBUCHMBIX 30H (JM(paTHIeCKIX y3eiKkoB). M3
BECTHO TAkOKe, YTO Y MOJIOBO3PENBIX U (PU3HOIOTMUYECKH 3PENIbIX MIIe-
KOIUTAIOLIMX /{BA OCHOBHBIX THIA CIELH(UYECKOrO pearrpoBaHHs
OTHOCHTEJIHO YPABHOBEILICHBI, @ KOJMYECTBEHHbIE MOp(oMeTpHyec-
KM€ XapaKTepUCTUKH CTPYKTYP, 00ECIICYMBAIOLIMX COOTBETCTBYFOLIE
THUIBI UIMMYHOJIOTHYECKOW PEaKTUBHOCTH, HE MMEIOT CYILECTBEHHOM
pazame! (Gavrilin et al., 2017c).

Bo3moxxHO, IMEHHO OCOOEHHOCTH aHTUTCHHOTO CIEKTpa U CBOM-
CTBA AyTOAHTHICHOB B OpraHM3ME IUIOZIOB OBIKa JOMAIIHETO BIMSIOT Ha
HOJIPU3ALII0 UIMMYHHOTO oTBeTa 110 Th-1 Tuty, a HUTOTOKCHYeCKHid
VMMMYHHBII OTBET SIBIISICTCS OCHOBHBIM THIIOM CIIELM(HYECKOro pea-
THUPOBAHKA Y 3PEIOPOKIAOLIMX MJICKOIHTAIOIIMX C HEPOHULIAEMBIM
JUTs1 MaKPOMOJIEKYJI IUTaLeHTapHbM OapbepoM (Emelyanenko, 1987).

XapakTepHoO Tarke, 9To Mopdonorudeckre Mapkeps! Th-2 3aBu-
CHMOI0 MMMYHHOT'O OTBETa OOJIBLIE BHIPKEHA B BUCLIEPATHHBIX JINM-
(haTH¥ecKyX y3max IUI0JOB, TIOTEHIMATEHBIM HCTOUYHUKOM aHTHTCHOB
U1 KOTOPBIX SIBJIIOTCSL KaK COMATHYECKUE MaKPOMOJIEKYIIBI, TaK H
ayTOAHTHIeHbI, 00PA3YFOLIMECs B OJIOCTH KHILEUHOH TPYOKH.

Takum 0Opa3oM, pe3yIbTaThl HAIMX HCCIICIOBAHUHA CBUICTENb-
CTBYIOT, YTO aBTOHOMHOE Pa3BUTHE IUIOAA Y ObIKa JOMAIIIHETO U U30-
JALWS €10 OT MATEPUHCKUX aHTUICHOB M, COOTBETCTBEHHO, AHTHICHOB
BHEILHEH Cpe/ibl He SBILIIOTCS Hperpaioi it uddepeHIMpoBKY Ha-
PCHXUMBI TMM(PATHIECKUX Y3I0B Ha JIMM(OMIHBIE TOJBKA C OTHENb-
HBIMH CTPYKTYPHO-()yHKLIMOHAIBHBIMUA 30HAMH, KOTOPBIE SIBIISIOTCS
MOP(OJIOrHYEeCKUMI MapkepaMy (DyHKIIMH aJIallTHBHOTO CIIEU(pH-
YeCKOro MMMyHHUTeTa. B To ke BpeMst JMMGpOUIHBIE OIBKH JM(pa-
THYECKHX y3JIOB HA MOMEHT POXKICHMS IUIOZIOB UMEIOT PSiIT «OMOpPHO-
HAJIBHBIX» 4epT (OTHOCHTEINbHAs CTAOWIBHOCTH 00beMa BCeX (yHK-
LMOHAIBHBIX 30H, MUHUMAJIbHAS CTENCHb Pa3BUTHS 30H KJIOHAIBHON
npomdeparmn T- 1 B-mum@ormros, 4To 00yCIOBICHO YCIOBHSIMU HX
CYILIECTBOBAHHSL.

OMOpHOHATTEHAS TMM(OUIHAS I0JTbKA HMEET XapaKTePHYIO OTHO-
TIOJIPHYIO TUCTOAPXUTEKTOHNKY M CHEL(IYECKYIO CIIOMCTO-/IHCK-
PETHYIO CIPYKTYpy 0e3 MO3aH4HOCTH, TIPUCYIIEH COOTBETCTBYIOIIMM
00pa30BaHIsIM [1APEHXUMBI Y3/I0B B IIOCTHATAIBHOM OHTOrexese (Gav-
rilin et al., 2017a). CroucTbIM KOMIIOHETOM B JIMM(OUIHOH JONbKE
TMM(ATAYECKUX Y3IIOB TIIOIOB SIBJIFOTCS MHTPA(OILTUKYIISpHAs 30Ha
(KOpKOBOE IIIaTO), a TAKKE 30HAa MO3TOBBIX TSDKEH, a JAMCKPETHOH —
SIIMHULIBI TTyOOKOH KOPBI C BBIPKEHHBIM C(hepooOpasHbIM IIEHTPOM
(30Ha KIOHANTBHOHN Mpormdeparmu T-mmdormros). Jlnmdparuyeckue
Y3CNIKH, KOTOpble B JIMM(OMIHONH JOIBKE «IIOCTIMOPHOHATIBHEIX
TM(aTHIECKUX Y3/I0B PacroNokeHs! Mupdy3HO oT nHTep(OIIMKY-
JIIPHOM 30HBI IO 30HBI MO3IOBBIX TSDKEH, Y IUIOZI0B KOHIICHTPUPYIOTCS
HPEHMYIIECTBEHHO BJIOJIb KPAaeBOTO CHHYCa B MHTPA(OIUIHKYIISIPHON
30HE U, KaK HCKJIFOUEHHE, OTAENIbHBIC M3 HHX MOTYT Pa3BUBATHCS B Ha-
YaTbHBIX Y4acTKaX MMapaKOPTUKAIBHBIX THKEH B JTMM(ATHIECKHX y3-
JIaX TOILEH KUK, Bo3MoXHO, 9TO SABIIAETCS CIECTBUEM BECbMa YMe-
PEHHBIX MMMYHOPCAKTUBHBIX CBOICTB BHYTPUYTPOOHBIX ayTOAHTH-
renoB (Sapin, 2006).

BuIBoabl

B muMdaTriecknx y3max 3penopoykKIAOIX KOMBITHBIX MIIEKO-
nuraronx (Oblka JOMAIIHEro) ¢ JMM(ATHYECKUMH KOJUICKTOpaMU
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TIPOCTOr0 TUMNa MOP(OIOrMUecKye NPU3HAKA CTPYKTYPHO-(PYHKIHO-
HAJIBHOH (hepeHImaliy 1 CrelaIn3aliy TapeHXIMBI BIIEpBbIC
BBIBIIFOTCS Y 3-MECSUHBIX IUIOJIOB, & CTEIICHb BBIPAKEHHOCTH CTPYK-
TYPHOH TeTepOreHHOCTH JIMM(OUTHON TKaHU JI0 KOHLIA UIOIHOTO Tie-
pHOa TIOCTOSIHHO YCHIIMBAeTCsL. B pasBuTin jmM§onaHol mapeHxu-
MBI JTUM(ATHIECKHX Y3IIOB Y IIO0B BBIIEISCTCS PSIT IOCTICI0BATEI b
HBIX 3TaroB: (JOPMUPOBAHKE TUM(OHIHOTO MAaTPUKCA BIOMIb KPAGBOTO
CHHYCa y37I0B 0e3 BBIPAKEHHOU JIOMBYATOCTH (3—4-MeCsSIHBIE TUIOIBI);
000co0IeHre TMMGOUTHBIX JIOJICK B 1IETIOM U (POPMHUPOBAHKE HX OC-
HOBHBIX (DYHKIIMOHANBHBIX 30H (TPaH3UTa JIMM(OLUTOB, KIOHAIEHON
nporudepari T- 1 B-mimdornuTos, akkyMy LuH mia3MaTHIeCKIX
KICTOK U aHTUTEN000pa3oBaHusA) (5-MecSuHble IUIOZBI); Pa3BUTHE
KOMITOHEHTOB JINM(OU/THBIX JI0JIEK NPEMMYILIECTBEHHO 32 CYET YBEIIH-
YeHus1 00beMa 30H TPaH3HTA JIMMQOLMTOB M KJIOHAIBHOH npormdepa-
1y T- 1 B-mamdormros.

B mumdonmpIx nompkax mMgaTiaeckix y3oB ObIka JOMAaIIIHe-
T0 ¢ MOMEHTa (JOPMHPOBAHMS JAHHBIX OPraHOB JIO KOHIIA ILIOIHOTO
nepruozia Hauoosee Pa3BUTBHIMU, C MAKCUMAJIBHBIM OTHOCHTEIIBHBIM
00bEMOM, SIBISTIOTCS 30HBI TpaH3UTa JIMMQOLKUTOB (MHTEP(OILTHKY-
JIpHAst 30HA U MAPAKOPTUKAIBHBIC TSDKH), @ TAIOKE 30HA TTOTEHIUAb-
HOW aKKyMYJIALIIH JIIM(OIMTOB W aHTUTEN000pa3oBaHKs (MO3TOBbIE
TpkH). Cpear 30H KIOHABHOH Mpormdepariil JMMQOIMTOB Ha BCEX
STarax pasBUTHSI JIONEK C MOMEHTA MX 00OCOONEHMsI Ipeo0ianatoT
T-3aBUCHMBIC 30HBI, OTHOCHTEIILHBI 00BEM KOTOPBIX B 5,0-7,5 pasa
TIPEBBILIACT COOTBETCTBYIOIME TTOKa3areny B-3aBucuMbIx 30H. [Ipe-
HATaJIBHOE Pa3BUTHE KOMIIAPTMEHTOB Y IUIOJIOB OBbIKA JOMAIITHETO Xa-
PaKTEpH3yeTCs MIOCTENEHHBIM YBEIMYEHHEM, OT HE3HAYHTENIBHOTO 10
YMEPEHHOT0, OTHOCHTENIFHOIO 00beMa 30H KIOHATBHOH npommidepa-
n T- 1 B-mavdormros. [Tpu 5T0M OTHOCHTENBHBIH 00BEM 30H TPaH-
3uTa JMMQOLKTOB, a TAKKEe aKKyMyJISIIHH IUIa3MAaTHYECKUX KIIECTOK
HMeET TeH/ICHIINIO K YMEHBIICHHIO.

T'ucroapxurekToHMKa IMM(OMITHBIX JI0JIEK Ha IIPOTSHKEHIHN BCETO
TUIOZHOTO TIEPHO/ia CYILECTBEHHO HE M3MEHSETCS U XapaKTepr3yeTcs
OJTHOCJIOHHOCTBIO PACIIONIO’KEHHSI KOMITAPTMEHTOB, MX BBIPYKEHHOW
TOJISIPHOM  CTPYKTYpO#i, (opMHUpoBaHHEM JTHM(DATHUSCKIX Y3CIKOB
MPEUMYILIECTBEHHO BJIOJIb OCHOBHOTO JIMM(aTHYECKOro KOJLIEKTOpa
(KpaeBoro CHHyca), 32 UCKIIIOUEHUEM BUCLIEPATGHBIX Y3/I0B OPIOIIHOM
TIOJIOCTH, TJ¢ IMM(ATHIECKUe Y3IbI 00pa3yroTcsl Ha OCHOBE HapaKop-
THKAIbHBIX TDKEH.

JlanbHelmme uccieoBaHusl 0COOCHHOCTEH TPEHATATIHOTO MOp-
(horeHe3a KOMITAPTMEHTOB JIMM(ATHYECKUX y3/IOB ObIKa JOMAIITHEro
Oy/LyT HalpaBJIeHbI HA BBIICHEHHE 3aKOHOMEPHOCTEH MX LIUTOreHes3a ¢
BBIBJICHHEM OCHOBHBIX MapkepoB U((GEpeHIMPOBKY U KJIOHATBHON
niporrdepariy IMMEPOLUTOB.
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Non-alcoholic fatty liver disease is characterized by fatty liver infiltration without any another common cause of
steatosis (severe alcohol, drugs, etc.). Non-alcoholic fatty liver disease is associated with metabolic risk factors, which
are diabetes type 2, dyslipidemia, obesity, and in some cases, it has a genetic predisposition as a main cause. The liver
biopsy remains the “gold standard” for assessing the degree of steatosis, necrosis and liver fibrosis. However, non-
invasive investigations, especially biochemical markers and visualization methods remain the first-line diagnostic
analyses, as well as assessment of the response to treatment. In view of this, the aim of our research was to evaluate the
validity of biochemical parameters of liver function and ultrasound in the diagnosis of non-alcoholic fatty liver disease.
Patients diagnosed with non-alcoholic fatty liver disease were studied in this research Every patient underwent to both
an examination and treatment in the Department of Liver and Pancreatic Diseases at the Institute of Gastroenterology,
NAMS of Ukraine. All patients were exposed to ultrasound visualization of the abdominal organs, standard
biochemical studies (content analyses of alanine aminotransferase, aspartate aminotransferase, total bilirubin and its
fractions, activity of alkaline phosphatase, gammaglutamyltranspeptidase, X-lipoproteins, total protein, albumin,
fibrinogen, international normalized ratio) were performed in the blood serum . Increased echogenicity of the liver and
distal decrement of ultrasound, as the main ultrasonographic symptoms of liver steatosis, were determined with high
incidence in all patients with non-alcoholic fatty liver disease. A number of symptoms (heterogeneity of the echo-
structure of the liver of medium and coarse-grained nature, roundness of the lower edge of the liver, inequalities in the
liver contour), the frequency of which is more closely related to the severity of inflammatory, as well as fibrotic
changes, were observed more often in patients with non-alcoholic steatohepatitis and cirrhosis compared with steatosis.
The deterioration in the visualization of small branches of the liver veins was determined as a result of the smoothness
of the vascular pattern and its depletion. Moreover, the results showed an increment of the spleen volume, along with
the enlargement of the splenic vein of patients with cirrhosis. All observed changes were considered as a component of
portal hypertension and were induced with fibrotic transformation of the liver. The lack of correlation of the degree of
fibrosis with the content of transaminases confirms the low diagnostic significance of these indicators. Nevertheless, the
moderate direct correlation of the determined ultrasonographic indexes with degree of the fibrosis in the liver indicates
the possibility of using this method for screening non-alcoholic fatty liver disease.

Keywords: liver steatosis; nonalcoholic steatohepatitis; alanine aminotransferase; aspartate aminotransferase;
ultrasound examination

3HaYeHHS NMeYiHKOBUX TPAHCAMIHA3 i YJIBTPA3BYKOBOI'O JOCTi/I2KeHHSA
B AIarHOCTH LI HEAJIKOI0JILHOI ;)KHPOBOI XBOPOOH NMeYiHKH

IO. M. Crenanos, H. B. Henmzgenpka, B. b. SIrmyp, 1. C. Konenko

Incmumym eacmpoenmeponoeii HAMH Yxpainu, [{ninpo, Yxpaina

HeankoronbHa sxupoBa XBopoOa IHEUiHKH — CTaH KUPOBOI iH(LUIBTpaLlii IEYiHKY 3a BiICYTHOCTI iHIIOI 3arajbHOI IPUYNHH CTEaTo3y (BaXKKOTO

BIKUBaHHS JIKOTOJIIO, JIIKIB TOLIO). HeakorosnbHa )xupoBa XBopo0a NeviHKy MoB’si3aHa 3 (haKTopamMu MeTaboIivHOTO PU3HKY, TAKUMU SIK O>KMPIHHS,
LyKpOBHH Jia0eT Apyroro THUITy, JUCIIIMIAEMIs Ta, B JCSIKUX BUIAJKaX, TCHETHYHA CXMIBHICTh. BiOMCIS 3alUIIa€ThCsl 30JI0THM CTAHIAPTOM IS
OLIHIOBAHHSI CTYIICHSI CTeaTo3y, HeKpo3anasieHHs Ta (iopo3y nediHku. Y Toi jke Yac, BAKOPHCTaHHS Bi3yalli3alliiHUX i HEIHBA3UBHHX JOCIIHKCHb
0iOXiMIYHMX MapKepiB — METOAM IEpIIoi JiHil UL BCTAHOBJICHHS J(arHO3y Ta OLIHIOBAaHHS e(eKTHBHOCTI JiKyBaHHS. OIHEHO 3HAYCHHS
0i10XIMIYHHMX MOKa3HHKIB (DYHKIIOHAJIGHOrO CTaHy NMEYiHKH Ta yJbTPa3BYKOBOTO IOCIIIKEHHS B JIArHOCTHUIN HEAIKOTOJIBHOI JKMPOBOI XBOPOOH
neviHkd. JIOCHi/HKeHO MAallieHTIB i3 HEATKOTOJIHOK JKUPOBOK XBOPOOOKO TMEUIHKH, SIKi MPOXOAWIM OOCTE)XCHHs Ta JIKYBaHHsA y BiIIUICHHI
3aXBOPIOBaHb IICYIHKU Ta MiIUTyHKOBOI 3ay03u 1Y «lHctuTyT racrtpoenteponorii HAMH Vkpainm». BeiM XBopuM IIPOBOIMIN yIIBTPa3BYKOBE
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JIOCIT/DKEHHSI OpraHiB 4epeBHOI NMOPOXKHMHM, a TaKOX CTaHAAPTHI OIOXIMi4HI JOCIIIKEHHs (BU3HAYEHHsS B CHpPOBATL KPOBI alaHiHAMiHOTpaH-
cepasy, acmapraramiHoTpaHchepasu, 3aralbHOro OulipyOiHy Ta Horo ¢pakuii, akTUBHICTS JIy:kHOT (ocaTasy, raMMarTyTaMiNTpaHCICITH IA3H,
X-ninonpoTeiniB, 3aranbHOro Oilka, anmbOyMiHy, (QiOpUHOTEHY, MKHAPOIHE HOpMali3oBaHe BigHOIICHHS). [liBHIIIEHA €XOTeHHICTh MEYiHKU Ta
JCTaJIbHE 3racaHHs YJIBTPa3BYKY, SIK OCHOBHI YJbTpacoHOrpadiuHi CHMMITOMH CTearo3y MEYiHKH, BHU3HAYCHI NMPAKTHYHO B YCIX XBOPUX Ha
HEAIKOTOJIbHY JKHPOBY XBOPoOy IediHKd. Huska cHMITOMIB (HEOIHOPIIHICTD €XOCTPYKTYPH HEUiHKH CepeIHBO- Ta KPYITHO3EPHICTOIO XapaKTepy,
3a0KPYIVICHICTh HIDKHBOTO KpalO IICYiHKH, HEPiBHICTh KOHTYPY IICUiHKH), YaCTOTa SKUX OLIBIIOI0 MIpOIO IIOB’S3aHA 3 ypaKCHICTIO 3alalbHUX, a
TakoXk (HIOpO3HMX 3MiH, 3apPEECTPOBAaHA YaCTillle y MAI[€HTIB 31 CTEATOrernaTHTOM 1 LIMPO30M IEYiHKH, HDK 31 cTearto3oM. BusiBieHi moripiieHHs
Bi3yaJtizanii JpiOHMX I'iJIOK NMEYiHKOBUX BEH YHACIIJIOK 3IVIaIKEHOCTI CyJMHHOTO MAIOHKA Ta HOro 301HEHHs], 30UIBIICHHS CENE31HKH B pO3Mipax,
OS] 13 PO3IIMPEHHSAM CENE3iHKOBOI BEHH, y XBOPHX Ha IUPO3 MEUiHKY, POMIAAIICH K KOMIIOHEHT IIOPTAIBHOI riepTen3ii Ta Oyau HacigkoM
(bibpotnunoi Tpancdopmarii nedinku. BiacyTHicTs Kopemsii crymeHst (iOpo3y 3 piBHEM TpaHcaMiHa3 MMATBEPPKYE HU3bKY AIarHOCTHYHY
3HAYMMICTh [IUX TTOKa3HUKIB. [IoMIpHUIA IPSIMUiA KOPEIALIIHHIUIA 3B’ 530K OKPEMHX YIIbTpAacOHOTpadiuHMX MOKAa3HUKIB MEYiHKH 31 cTyreHeM (idpo3y
BKa3y€e Ha MOMJIUBICTb BUKOPHCTAHHS [IHOT0 METOIY [UIsl CKPHHIHTY HEAJIKOTOJIEHOT JKUPOBOT XBOPOOH MEUiHKH.

Kmouosi cnosa: creato3 nediHKy; HeaTKoroJIbHHI CTeaTorenaTuT; alaHiHaMiHOTpaHcdepasa; acnapraTaMiHoTpaHcepasa; YbTpa3ByKOBE IOCIIDKEHHS

Beryn

HeastkorosbHa sxupoBa XBopoOa [EeUiHK! — 3arajibHe 3aXBOPOBAH-
HI, SIKE HEBITMHHO 3POCTA€ B YCHOMY CBiTi. PearbHa mommpeHicTs ii
HEBIJIOMa, OCKUTBKH HEAJIKOTOJIbHA YKHUPOBA XBOPOOA IIEYiHKN YacTo He
JUArHOCTYEThCSL, i y OUIBIIIOCTI MAINEHTIB, HABITH XBOPHX i3 [liaOCTOM,
JTiKapi He TMi03PIOIOTh [ATOJONII0 MEYiHKH Yepe3 HOPMAIBHHUI PiBEHb
tpancamina3 (Chalasani, 2012; Gaggini, 2013). Jlani 1ono nowmpeHo-
CTi HEaJIKOTOJTBHOI JKUPOBOI XBOPOOH TEHiHKH KOIMBAIOTECS Bix 6,3%
10 33,0% (Ong & Younossi, 2007; Chalasani, 2012; Loomba & Sany-
al, 2013). Lleif moka3HHUK 30UTBIIYETHCS 10 57% Y TALIEHTIB 3 OXKHUPIH-
M, 10 70% — y natieHTiB 13 giadetoM i 10 90% — B 0Ci0 13 BaKKIM
oxupinasm (Gastaldelli, 2007). HeankoronbsHa »upoBa XBopoOa rie-
YiHKH BPaKa€e YOJIOBIKIB OiIbIIie, HDK KIHOK. [IOpiBHSIHO 3 €BpOneiiis-
MM JIATHHOAMEPHUKAHLI MAIOTh BHILLY TOIIHUPEHICTb, TOM 5K y YOPHO-
LIKIPHX BOHA HIDKYA TOPIBHSHO 3 oboma. OnHak B a3iaTiB Heauko-
TOJTBHA JKHMPOBA XBOPOOa MEHiHKH MPOSIBIIAETHCS 32 HIDKYHX 1HICKCIB
Macu Tija, 0arato 3 Mali€HTIB He MArOTh PE3UCTEHTHOCTI JI0 THCYIHY
(Ong & Younossi, 2007; Gastaldelli, 2007; Chalasani, 2012; Loomba &
Sanyal, 2013).

Heanxoronbra sxupoBa XBopo0a IeHiHKY BKITIOYAE JIBI MTATOJIOTII:
CTeaTo3 Ta HeIKOrOJIBHUH cTearorenatht. CTearto3 XapaKTepu3yeThest
SIK OXKMPIHHSI TIeYiHKK O3 3HAYHOTO 3anaeHHs Ta 3a3BUYaii BBAKAETh-
st IOOPOSIKICHAM 1 0OOPOTHUM, 3 MIHIMATIBHIM PH3HKOM MPOrpecy-
BaHHs [MPO3y a0o neviHkoBol HegocratHocti. Ha BiaMiHy Bix cTeato-
3y, IS HEAIKOrOJIBHOIO CTEATOreNaTHTy XapaKTepHE 3alaleHHs Ta
TIOIIKO/HKEHHSI TIEYiHKY Y BUITISI OAJIOHyBaHHSI TeNATOLMTIB 1 KITITHH-
HOTO Hekpo3y. OCKINbKH HEaIKOroJbHUN CTeaTorenaTiT — Baykya CTa-
JIist HeaJIKOTOJIEHOT JKMPOBOi XBOPOOY MEUiHKH, PH3UK HPOrpecyBaHHs
LUPO3Y, TIEUiHKOBOI HEJIOCTATHOCT] Ta TeMaTOLEIFOISIPHOI KAPIITHOMHU
Brwi, ane HesnavHo (Farrell & Larter, 2006; Bellentani & Marino,
2009; Loomba & Sanyal, 2013).

[TaToreHe3 HeaIKOroJIbHOI JKMPOBOI XBOPOOW MEYIHKH AKTHBHO
BUBYAETECS B YCIX PO3BHHYTHX KpaiHax. [HCYIHOPE3WCTEHTHICTh —
HAMTIOMMPEHIIIHI KTIOYOBHI MEXaHI3M, IO BEIE 10 CTeaTo3y TICHiHKH,
a 3r0JIOM — JI0 CTeaTOrenaTuTy. bararo IOCIiTHHKIB MATPHMYE TiIoTe3y
JIBOX YZIapiB, [Uis IPOTPECYBaHHs CTEATO3y 10 HEAIKOTOJIBHOIO CTea-
TOTEIAaTHTY, i B KiHIIEBOMY IIZICYMKY JI0 IMpO3y HediHKu. [TouaTkoBuii
TIEPILINIA YIap — HAKOITMYCHHSI )KUPY B ICHIATOLTAX, SIKE 3a3BHYail Bijl-
OyBa€eThCs 32 MaKPOBE3UKYJSIPHUM THIIOM. BUTbIIICT aBTOpIB BBaX<a-
0Tb, 11O L€ TIOB’53aH0 3 METabOMIYHNMH (haKTOPaMH: PE3UCTEHTHICTIO
0 1HCYJiHY, a0OMIHAIBHAM O)KUPIHHSAM Ta JFCPETYJIILIE0 MeTabo-
J3MY SKHPHUX KHUCTOT. J{pyTHii yaap — OKCHIATUBHUI CTpeEC, IO BBa-
YKAEThCSI TIPUMMHOKO 3aMayIeHHs Ta Po3BUHEHOTO (idpo3y. Lleii mporec
riepea0avyac aKTHBALIIO (PEPMEHTIB LIATOXPOMY Pyso, SIKi CIIPUSIIOTH Te-
Heparlii OKHCHOTO CTpecy, MEepeKUCHOMY OKHCHEHHIO JIITIB Ta Jyc-
(ynxuii mitoxoHpii (Paschos & Paletas, 2009; Liu et al., 2015).

OcTraHHIMH POKaMH 3alPOTIOHOBAHO CKJIA/IHIILI TiOTe3H «Oarato-
Pa3oBHX yaapiBy i3 METOIO MOSICHEHHS BIUIMBY METa00Ii3My JKUPHUX
KHCIIOT, Yepe3 JIEKUTbKa TIOCHIIOBHUX a00 IMapalebHIX IUTOTOKCHY-
HHX [IUTIXIB, HA TIPOTrPECyBaHHs HEAIKOTOIBHOI JKHPOBOI XBOPOOH T1e-
yiHki. OKpiM JIHITOTOKCHYHOCTI, OMOCEPEAKOBAHOT JKUPHAMH KUCIIOTa-
M, T1i TIOTE3H TaKOXK PO3IIAIOTH BILTMB PE3UCTEHTHOCTI JI0 IHCYIIiHY,
TOPMOHIB YKMPOBOI TKaHWUHH, XapHIOBUX (haKTOPIB, MIKpOOIOTH KHIIIEd-
HHKA, TeHeTHYHNX Ta enireHeTnyHnx yiHHUKIB (Berlanga et al., 2014;
Buzzetti et al., 2016; Hansen et al., 2017). BBaxxaerbcsi Takox, 10

HAKOIIMYCHHS 3a71i3a B TEMAaTOLMTaX BiAIrPae pojb MOMKOHKYBAIBHO-
0 (haKTOpa, CIPUYHHEHOTO OKCHIATHBHUM cTpecoM. Lle MoxHa BBa-
JKaTH MOMKJIMBHM TOSICHEHHSIM TOTO, YOMY YOJIOBIKU XBOPIIOTH YacTi-
1IIe, HDK JKIHKY, SIKi MAlOTh MCHIIIMI 3araibHUIA 3arac 3aii3a B opra-
Hi3Mi Yepe3 MEHCTpyauil Ta, SK MPABIIIO, €Ty 3 MEHIIMM YMICTOM
3ayi3a TMopiBHAHO 3 YonoBikamu (Shim, 2012; Machado & Cortez-
Pinto, 2014).

MakpoBe3HKyJIIpHE BiIKJIAICHHS XKUPY — I0YATKOBA [ATOJIOTYHA
O3HAKa 32 HEAJIKOTOJIBHOT JKHPOBOI XBOPOOH TMEUIHKHU. 3r0I0M, TijT Yac
PO3BHUTKY TATOJOTI], CHOCTEPIrA€ThC KapTHHA TEeMaTOLETIOISPHOTO
TIONIKO/KEHHS, BijoMa sIK OanoHHa auctpodis. Ll wiitnana nere-
Hepaisi CHpsIMOBY€ 3araIbHi KIITHHY (HAPUKIIAz, HEHTpohu) 10
MapeHxiMy OpraHa. Y CBOIO 4epry, 3alajeHHs 3allycKae MeXaHi3M
periapariii, 0 BKJIIOYAE BiMKIAZAHHS OUIKIB y MDKKIITHHHOMY Ma-
Tpukci. [Tporpecist GiGpo3y CympoBOmKY€ETHCS ATONOTTYHUME 3MiHa-
MU, SIKI BUIVBIIAIOTH SIK TEPUCHUHYCOINANIBHUI / MEePHLICITIOSIPHAN
$ibpo3. Y pesynbrari mommpeHHs (idpo3y y MOENHAHHI 3 YTPATO
TEMaTOLMTIB PO3BUBAETHCS MIEYIHKOBO-KIIITHHHA HEAOCTATHICTB. 3 TPO-
rpecoM (idpo3y Ta 3MEHIIEHHSM KLUTBKOCTI TelaTOLUTIB CTYTIIHb 3aIia-
JICHHSI 3pEILTOI0 3HIDKYETBCS Ta po3BUBAcThes 1po3 (Takahashi &
Fukusato, 2014; Sharma et al., 2015; Magee et al., 2016).

J1711 HeaTKOTOJTEHOT YKUPOBOT XBOPOOH MEUIHKH XapaKTepHUIA 6e3-
CHMITTOMHUH TiepeOir. JIesiki NarieHTH MOKYTh CKapyKUTHCS Ha HEeCTIe-
vl cummoMu (HE3My>KaHHs, BTOMa Ta JUCKOM(OPT y MpaBoMy
nizpebep’i). HaiinormpeHinia kiiHiuHa 03Haka — a0I0MiHATIbHE OXKH-
PIHHA Ta TemartoMeraiis. Y MAIl€HTIB i3 IMPO30M MOXYTh BHHUKATH
acryT abo CHMIITOMH NOpTaIBHOI rineprensii (Brunt & Tiniakos, 2009;
Abd El-Kader & El-Den Ashmawy, 2015). [liarso3, sk IpaBrJIo, migo-
3PIOETHCSL HA OCHOBI BHTIAAKOBHX 3HAXIZOK ITJBHIIEHHUX (DEPMEHTIB
TMEYiHKH MiJ] Yac CKPUHIHTOBHX JAOOPATOPHKX JOCIIDKEHb, 10 JIa€
MiJICTABH VTSI OJABIIOro ooctexxenns (Bayard et al., 2006).

Jliarso3 HeanKoroibHOI KUPOBOI XBOPOOHU TEUiHKM BUMArae -
TBEP/DKEHHS CTEaTo3y Bisyali3aliiifHUMU abo TICTONONYHUM METO/a-
MH Ta BUKJITFOYCHHSI HIIMX MPUYKH CTEAT03y Ta XPOHIYHOTO 3aXBOPIO-
BAaHHS TEYiHKH (BIICYTHICTh 3HAYHOTO BYKMBAHHS AJIKOTOIIFO, BIpyCHI
TeraTuTy, XBopoOa BikcoHa, ayToIMyHHI 3aXBOPIOBAHHS Ta SITPOTECHHI
TIONIKO/KEHHSI TediHKH). [TpoBeneHnst Oioncii IediHKu CyTepetiBe
Ha paHHIX CTAJIisIX 3aXBOPIOBAHHS, OJTHAK Ha ITi3HIX CTaisX HEeoOXiTHe
JUTS1 BCTAHOBJICHHS CTYIICHSI TSDKKOCTI TTOIIKODKEHHS TIEYiHKN Ha OC-
HOBI TICTOJIOTIYHOTO JIOCII/DKEHHS], 1[0 BU3HAYAE TAKTUKY JIKYBAHHS
(Sharma et al., 2015; Magee et al., 2016).

Amnati3 KpoBi y 0arartb0X BUMaKaX HEAOCTATHIN TS TIArHOCTHKH,
TOMY L0 PiBeHb MIEUiHKOBHX TPAaHCaMiHa3 MOXe OyTH HOPMATIGHIM 32
HAsIBHOCTI HEAIKOTOJIHOI »MPOBOi XBopoOu mewinku (Shim, 2012).
Ananinaminotpascdepasa (AJIT) Ta acriaprataminoTparcdepasza (ACT)
NPUCYTHI Y TeNaToLuTaX i BUIULIIOTECS Y KPOBOTOK Y BiIIIOBIZL Ha
TMOIIKO/DKEHHS 200 cMepTh remarommTiB. OOUIBa (GepMeHTH Xapak-
TepHI [yIsl Pi3HKX THIIB TKaHUH, ate AJIT BBaykaeTbCst OUIBII CIICLH-
¢iunoro st nevink. ACT Moxke OyTH 4y TIMBIIIMM TTOKA3HUKOM I10-
LIKO/DKCHHS TCYiHKK 32 AIKOTOJNBHOTO Ta, Y JESKMX BHITAJKaX,
aytoiMmyHHOTO TeratutiB (Newsome et al., 2018). Ha panHix crafmisx
3axBoproBaHHs 3MiHH ACT 1 AJIT — HalmommpeHima aHOMATisL, TIpH-
qoMy oOmmBa (epMmeHTH mminBrineHi y criBigHomeHHi ACT/AJIT
menme HDK 1 (Mofrad et al, 2003). ITinBrmeHHs raMMarTyTaMin-
TPAHCIIENTHA3H KOPUCHE JUTS MiITBEPPKCHHS TIEYiHKOBOIO TOXOJI-
skernst mimpuieHHst AJIT. Tlelt mokasHK HafyacTiIe maBHIIYEThCI

106 Regul. Mech. Biosyst., 8(2)



BHACITIJIOK OYKUPIHHS, HAJIMIPHOTO CIIOYKUBAHHS AJIKOTOJTFO Ta HAPKO-
THKIB. He3axkaroun Ha Te, IO IMiJBUINCHAN PiBCHb FAMMArTyTaMiI-
TPAHCIIENTH 31 Ma€ HU3bKY CIICLH(IUHICTD, [Ie O/IH i3 HANTOYHIIIMX
TMOKA3HHMKIB CMEpTHOCTI Bix marosorii neyirku (Donnan et al., 2009).
PiBHi sy>xHOT (ocdartasn Ta TPUITIHIEPUIH TAKOK MOXYTh OyTH TIia-
BHUIICHNMH. TaKi MOKa3HHUKH K OUTipyOiH, amb0yMiH Ta MbKHApOIHE
HOPMOBAHE BITHOLLICHHS, SIK TIPABHIIO, IIepeOyBatOTh y MEXaX HOPMH,
SIKILIO XBOpOOa He MporpecyBaia JI0 PO3BHHYTOro (idpo3y 4u [Hpo3y
(Charatcharoenwitthaya et al., 2012).

Huni TinbKH GiOTICis TIEYIHKK J]A€ MOMUTUBICTH TOUHO BiJPI3HUTH
CTeaTo3, HeAIKOTOJIbHHI cTearorenatyt i (pibpo3 Ha paHHIX CTaisX.
Porb Gioricii mossirae, mepii 3a BCe, Y BU3HAYCHHI CTYTICHS 3aXBOPIO-
BaHHA, a came (iOpo3y, aKTHBHOCTI 3alIeHHS Ta cTeaTosy. BoHa
TaKOK HEeoOXimHAa y BHNAJKaX, KONM [iarHo3 MilalOTh CYMHIBY.
e natikoprcHime mist inenTadikarii $Gidpo3y, Hepr HDK XBopoba
TporpecyBalia J0 PO3BHHYTOI CTA/Iil Ta KIIHIYHUX TPOSBIB, TAKUX SIK
TIOpTIbHA TinepTen3ist. Biorcis MoBUHHA NPU3HAYATUCS TIALIIEHTaM 13
OLIBIIO WMOBIPHICTIO TIPOTPECYBAHHS HEATKOTOJIBLHOI KHUPOBOI XBO-
PoOU TEeUiHKH, 110 BH3HAYAETHCS CYITyTHIMH 3aXBOPIOBAHHSIMH, TaKH-
MH SIK Aia0eT, OKUPIHHS, TIOXIMM BIKOM, MHiJBHILECHIIM CHPOBATKO-
BUM (DEPUTHHOM 200 THM, IO MAFOTh MOCTIHHE ITiABHILICHHS TPAHCaMi-
Ha3, He3BKAIOUX Ha MOM(IKALIIO CIOCOOY KUTTS. Y XBOPHX 13 TSDK-
KIM TIepeOiroM XBopoOH — SIK JIOMOMDKHMIA 3aci0 JUIs1 BI3HAYCHHS He-
00XITHOCTI TpaHCIVIaHTaIl revinky. He3Baxkarouu Ha Te, mo Oiorcis B
LIoMy Oe3reyHa, MOKyTh BUHHMKATH OUTh Ta YCKIATHEHHS (KpOBOTe-
Ya), [0 BUMArae YiTKOro OOIPYHTYBaHHs il MPOBEICHHS Ta 3rOAU
nartierTa (Chalasani, 2012; Shim, 2012).

KitiHiyHe 3Ha4eHHs HealIKOrOJIbHOT JKMPOBOI XBOPOOH TMEUiHKH Ta
oOMexeHHst Oioricii 30UTBIIUM MOTpeOy B TOYHMX 1 HEIHBA3HBHHX
METOAaxX Bizyamizamii JUIS OIHIOBAHHS CTPYKTYPHHX 3MiH TICYIHKH.
Huni BoHM BKITIOYAIOTH YIBTPAacOHOrpagito, KOMIT IOTEpHY TOMOIpa-
¢ifo, MarHiTHO-pe30HaHCHY TOMOrpaif0 Ta MAarHITHO-PE30HAHCHY
criekrpockoriro (Lee & Park, 2014; Lee et al., 2016; Berzigotti et al.,
2018). Crearo3 meviHKH, BUSBIICHHI KOMIT FOTEPHOIO ToMorpadiero,
3a3Buyail giarHoctyerbest BunaakoBo (KT-ckaHyBaHHSI, pU3HAYCHE 3
iHmmx nprans). Komm’rotepra Tomorpadiss Mae IMiBUILECHY Crie-
LU(IYHICTD 1T BUSBICHHS iHIIMX MPUYAH 3aXBOPIOBAHHS TICYiHKH,
aje 1i 3acTocyBaHHS OOMEKeHE BHUCOKOIO BapricTio (Bayard et al.,
2006). ITpote 1eii MeTo KOPHCHHIA U OLIIHIOBAHHS CTEATO3y ITiJ 9ac
00CTe)KEHHsI KaH/W/aTa-7I0Hopa TediHky. Brcoka mpocropoBa po3-
JIUTHHA 3[[ATHICTH KOMIT FOTepHOI ToMorpadii, HarieBHe, HeoOXiHa s
OILIHIOBAHHSI CTaHy CY/IMH JJOHOPCHKOI TICUiHKH, BKIFOUAIOUX MICHIHKO-
By apTepilo, MOPTAIBHY Ta MEYiHKOBY BEHH 32 YMOB KOHTPACTYBAHHS
(Lee, 2017). MarnitHO-pe3oHaHCHa ToMorpadisi — HaWTOYHiIIA ISt
BH3HAUYCHHS KUTBKICHOTO BMICTY JKMPY Yy TEUiHIll, aje BOHA JOPOro
KOIITY€ Ta JIOCTYIHA TUIBKM Y BEJIMKUX MEAMYHMX yCTaHOBax. SIk i
IHIII METOIM Bizyauti3arlii, 0OOMEXy€eThCsl HOMOMUIUBICTIO AU(EPEHIIIIO-
BaTH CTEATO3, CTEATOTCIIATUT 1 HABITH Mi3HI cTajii Giopo3y abo 1mposy
(Lee et al., 2016; Berzigotti et al., 2018). YsTpa3ByKoBe HOCITIDKEHHS
BBKAETHCS JIOCIIDKEHHSIM NEPILIOTo PsiTy B JarHOCTHILI HEAJIKOTOJb-
HOI JKHPOBOi XBOPOOY TEHIHKH, IO TIOSICHIOETHCS 3araJIbHOO JIOCTYTI-
HICTIO, HU3bKOIO BAapTICTIO, BUIIOIO Yy TIMBICTIO, HDK KOMIT FOTEpHA
ToMorpadist. YIIBTPa3ByKOBHM 300P&KCHHSIM CTEaTo3 ICYiHKHA BHU-
3HAYAETHCS SIK HEOIHOPITHICTH Ta TiMepeXOreHHICTh MapeHXIMH TIeUiH-
K{ BHACITIOK HAKOIIMYEHHSI JIITIB, CTEPTICTh CYIMHHOTO MATIOHKA.
VibTpa3BykoBa JiarHOCTHKA He BU3HAYA€E BMICT JKUPY, le MOXE 3a-
CTOCOBYBATHCh JUIsl PO3PI3HEHHS M SIKOTO Ta PO3BUHEHOIO YPaXKCHHS
nieuink (Lee & Park, 2014).

Mera i€l cTarTi — OLHUTY BAIIIHICT OIOXIMIUHMX ITOKA3HUKIB
(YHKIIOHATIGHOTO CTaHy IEYiHKH Ta YIIBTPa3BYKOBOIO JIOCITI/DKCHHS
3a JIOTIOMOT OO [TIArHOCTUKH HEAJTKOTOJIBHOT KMPOBOT XBOPOOH TIEHiHKH.

Martepian i MeTou 10CTiKEHb

Bukopricrano pe3yibraTé J1a00paTOpHHX JIOCIIDKEHb 1 KITiHIYHI
JaHi 122 XBOpUX Ha HEAIKOTOJIbHY XKHPOBY XBOPOOY MEUiHKH BIKOM
19-74 poxiB, cepeniii Bik — 45,1 + 11,9 pokiB, siki npoxomwm odcTe-
JKEHHSI Ta JIKyBaHHs y BiIUIUICHH] 3aXBOPIOBAHb TTEYIHKY Ta IMiILTYH-
xoBoi 3as103u JIY «II' HAMH VYkpaiam» nporsrom 2010-2016 poxis.

Cepen Hux 57 xiHOK (46,7%) cepennim BikoMm 47,8 + 9,6 pokiB Ta 65
4onoBikiB (53,3%) cepennim BikoM 42,7 + 13,3 pokiB.

JliarHOCTHKY HEeaKOrOJIbHOI YKUPOBOI XBOPOOH MEUiHKH 3IHCHIO-
BAJIM 32 3araTbHONPUNAHATIMH KPUTEPLSIMU 3 000B’SI3KOBUM BUKIFOUCH-
HSM B)KHUBaHHS aJIKOroito. OOCTeKEHNX PO3MOIUTINTA Ha TPH TPYIIH:
Irpyma — 15 xBopux Ha crearo3 nedinky, Il rpyna — 92 namientn 3i
crearorerraturoM Ta Il rpyma — 15 XBoprx Ha IEPO3 TIEUiHKY HEATKO-
rombHOI etiornorii. Cepern GIOXIMIYHMX ITOKA3HUKIB IIUTOJITUIHOTO
CHHIIPOMY BUBYAIM aKTHBHICTh aJlaHIHAMiHOTpaHc(epasy, acrnaprar-
aMiHOTpaHcdepasu y CHpPOBATII KPOBi. XOJISCTATUYHUI CHHIPOM Xa-
PaKTepU3yBATIM BMICT JIy>KHOI (hocarasy, raMMartyTaMiTpaHCIer-
TH/Ia3u, BMICT 3araibHOro GimipyOiHy Ta CIIiBBiIHOLICHHS Horo ¢pak-
wiit, X-mnonporeiniB. bUTkoBo-CHHTETHYHY (hyHKINFO TIEYiHKH OILIHEO-
BaJIM 32 BMICTOM 3araJlbHOTO OiIKa, Ab0yMiHy, (hiOpHHOreHy, MbKHA-
POZHOTO HOPMAJTI30BAHOTO BiTHOIIICHHSI.

VIBTpa3sByKOBE JOCIIDKEHHS CTPYKTYPH HEUiHKH TPOBOMIIA Ha
amapari SH-2000 Honda Electronics B peanbHOMy Maciradi yacy
HaTIle. AHAT3 CTPYKTYPHUX 3MiH MICTHB OLIIHFOBaHHSI PO3MIpIB, KOH-
TypIB, aKyCTHYHOI CTPYKTYPH Ta €XOreHHOCTI MIeUiHKH, CTaH OitiapHoi
CHCTEMH 3arajIbHOMPUUHITUM MeToioM. OcoOiiBYy yBary HpHALTUIN
TaKMM YJIBTPa3BYKOBHM XapaKTEPHCTUKAM: [MCTAIBHE 3aTyXaHHS yJlb-
TPa3ByKY, 3MIHCHHS €XOTEHHOCTI, Bi3yali3aLlii CyaiH, 3a0KpYTJICHICTh
Kparo MediHKH.

OO0poOKy pe3yJbTartiB 3aiicHIOBaH y Taketi Statistica 6.0 (Stat-
Soft Inc., USA). Ockibkut OUIBIICTS JAHUX M HOPMATBHUN PO3IIO-
JIiJ1, BAKOPHCTOBYBAIIM MOKa3HUKH [ApAMETPHYHOI CTATHCTHKU. Bipo-
Ti/IHICTb PI3HHULI MK BUOIpKaMH OLIHIOBAIH 32 t-kpuTepieM CTbIOeH-
Ta, po30bKHOCTI BBKayH Biporiguumu 3a P < 0,05. Yci KibKicHi 1o-
Ka3HHKW HaBelleHi y Burymidl X = SD, ne X — cepenne apudMeTHyHe,
SD — cepenHpoKBampaTiyHe BiaxuieHHs. Kopemsmiitnmii anani3 mpo-
BOJIVJIN 32 JIOOMOT 00 KoedinieHTa kopersiii [Tipcora.

PesysbTaTn

AHani3 KIHIYHOI KapTUHM TOKa3aB, 10 abJoMiHANGHUN OlTb
HPEBATIOBAB Y MALlieHTIB BCIX Ipyn i BusiBisiBes B 11 (73,3%) xBopux
Ha creatos, y 63 (68,5%) nawieHTiB 3i crearorenatutoM iy 8 (53,3%)
XBOpHX 13 1po3oM. [epeBaskaa okami3arist 000 y IpaBoMy ITiape-
0ep’i, o Moyke OyTH HACIIIIKOM TelaToMeraii Ta po3TsryBaHHS Karl-
CYJIH TIEUiHKH, a TaKOX IUCQYHKIIOHAIBHUX OUTApHUX IMOpPYILICHb.
KpiM 15010, 3 TOCTOBIPHOIO TIEPEBArO0 CEpPET OCIO 3i CTEaTo30M Iie-
YiHKH BUSIBIISUTH TaKi CHMITTOMH SIK OUTb Yy JIiBOMY minpebep i, yactora
sKux ckiana 53,3%. Takok Maibke y TPETHHH BCIX XBOPHX TPAIUBUIH-
cs1 ik B emiractpaibHii ausiHL (33,3%, 29,3% ta 20,0% s I, 11 ta
III rpym, BignoBinHoO) (prc. 1). HasiBHiCTh Takoro 6010, HMOBIPHO, 3y-
MOBJICHA CYITyTHIMH TIATOJIOTISIMU (XPOHIYHMI TacTPOIyOICHIT, Xpo-
HIYHUI XOJEIMCTUT, XPOHIYHUI TAaHKPEATHT).

Taxum yrHOM, 20JIOMIHATIEHHI OLTH OJTHAKOBO YacTO TPAIUIIBCS B
YCIX XBOPHX, B OCHOBHOMY 32 paxyHOK OOJIIO y HMpaBoMy migpebep’i.
3HaunMo OiTbIna YacToTa 00O B JIiBOMY Mipebep’i y rpyi 3i cTeato-
30M, MOXKIIMBO, 3yMOBJICHA CYITyTHBOIO I'aCTPOIYOCHAIBHOIO Ta MaH-
KpPEaTUIHOKO [TaTOJIOTI€0.

AHaIIOTYHO 0OJILOBOMY a0NOMIHATIBHOMY CHHIPOMY, BiTIyTTS
BAKKOCTI Y TIpaBoMy IiapeOep’1 sk MposiB renaToMeraii Ta JuchyHK-
LiOHABHUX OLTIapHIX PO3NafiB 3a3HAYaNIoCs PIBHOMIPHO B YCIX Ipy-
max: 3a crearody B 5 (33,3%) Bumazkax, 3a crearorenarury —y 35
(38%) Tay 5 (33,3%) — 3a mipo3y. JJocHTh BUCOKY 4acTOTy CKapr Ha
TIpKOTY B POTI Ta 3AYTTs )KMBOTA BiIMIYaM B yCiX XBOPYX, 13 HE3HAY-
HUM IepeBaKaHHsM Y TPYIIi 3i cTearo3oM medinku (puc. 2). Llei daxr
CBIIYMB TPO BHP@XKCHICTH OlTiapHOI AWCIiencii 3a HEeaJKOrOJIBHOL
JKAPOBOI XBOPOOH SIK HACITIIOK AUC(HYHKIIOHATBHIX PO3JIALIB YKOBUO-
BUBITHHX [IUBIXIB. Y TOM ke Yac, YacTOTa IHIIMX MPOSIBIB AHCIIETICI] y
CIIOCTEPEKYBAHNX XBOPHUX 3HAUYIIE HE PI3HIUIACS MDK TPYTIAMH.

Pesynbrary GioximMiunvX ocipkeHb akTiBHOCTI AJIT mokazam,
IO B YyCIX XBOpHX Iieif MOKA3HWK IMEPEBHIYBAB JAHI KOHTPOJIBHOL
rpymu. [Ipu npomy axtuszicte AJIT y xBopux I (68,2 £ 6,2 ox./m) i 111
rpym (82,8 = 16,4 071./71) TOCTOBIPHO BHIIA, HDK Y 3I0POBUX JFONCH
(25,4 £ 9.8 on./1m), IO CBITYMTH MPO MiABUILICHHS IPOHUKHOCTI MEM-
OpaH renaroLyTiB Ta X pyliHyBaHHs1. JIOCTOBIpHIX BiMIiHHOCTEH MK
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IpylaMH XBOPUX HE BUSBICHO. AHAJII3yIOYM CTYIIHb aKTUBHOCTI
AJIT, BU3HAYWIN MiHIMATTBHY aKTHBHICTB y 3 (20%) Ta BUCOKY B Of-
HoMy (6,7%) BUIAIKy Yy IpyII 3i CT€aTo30M. Y XBOPHX 3i cTearorerna-
Turom nizriennst AJIT xapaxrepusyBana y 49 (53,3 %) — MiHIMaIb-
Hy, y tmectu (6,5%) — oMipHY Ta y 90THpBOX (4,3%) — BUCOKY aKTHB-
HICTB; y Tpymi 3 IUpo3oM: y BockMH (53,3%) — MiHIMAIBHY Ta 10
omHOMY (6,7%) BHIIazKy OMIPHOI Ta BUCOKOI aKTHBHOCTI.
Obims y xuBori
EBims y npaBomy mimgpedep i
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Il rpyna III rpyna

I rpyna
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Puc. 2. OcoOIMBOCTI AUCTIETICHYHOTO CHHIPOMY
B oOcTeskeHnX XBOpHX (%0)

AxtuBHicTs ACT Mana nmoaiGHI TeHIeHLi, TpoTe JOCTOBIpHI Bil-
MIHHOCTI BCTAHOBJICHI MK MaIfieHTaMH 3 po3oM (64,5 + 16,4 om./n) i
crearo3oM (32,4 + 2,7 on./), crearorenaruiroM (46,6 + 3,8 om./71) 1 KOH-
TporbHOO Tpymoro (19,6 + 7.4 oxn./m). Cepen ocobnmmBoCTEl X0MecTa-
THYHOTO CHHJIPOMY BHSIBJICHI TiNepOLTipyOiHeMist (TIepEBaKHO 32 paxy-
HOK 30ubIeHHs Henpsmol ¢paxuii) y xsopux I rpymm. [loctoBip-
HICTb BiIMIHHOCTE#1 BHSIBIICHA SIK 3 KOHTPOJIBHOIO, TaK i 3 I Ta Il rpyra-
mu (39,7 + 8,5 mpotu 12,2 + 0,7 ta 15,7 £ 1,0 MKMOIIB/JI, BiATIOBITHO).
LpoMy (hakTy He CynepeduTh 1 3HAYNMO BHIA AKTUBHICTH TaMMAarIy-
TaMUTTPAHCTICNTHIA3H Y TIALIEHTIB i3 Ipo3oM (228 + 62,1 o./71), Hbk
3a crearosy (42,6 + 5,7 on./m) Ta crearorenarury (85,5 + 24,9 on./m).
AKTHBHICTB JTy’KHOT (pochaTasu He3HaUHO 3pocTalia B TPy i3 IMpo-
3oM (116,6 + 17,6 oz1./1m), MO MIATBEPDKYBAIO HASBHICTH XOJNECTasy,
aste 6e3 JOCTOBIPHIX BiZIMIHHOCTEIT MDK IpyTiamMu Ta KoHTposieM. ['iro-
Ta TifepIpOTEHEMIst SIK MPOSIBY IeMATOLEFOISIPHOI HEIOCTATHOCTI Ta
IMyHO3aMaJIbHOTO CHH/IPOMY, BU3HAYCHI B MOOJMHOKHMX BHIIAAKAX Y
xBopux 1 Ta Il rpym, He MaM JOCTOBIPHHX BiIMIHHOCTEH Bill KOH-
TPOJBHOTO 3Ha4eHHsL. [Ipy 1b0My BH3HAYEHO JTOCTOBIPHO HYDKUMIA Pi-
BeHb amsOyMiHy B Il rpymi (Tabm. 1).

T'ematomeraist BusieiieHa y OubiocTi xBopux I (95,7%) Ta B ycix
xBopux Il Ta Il rpym. ITepeakHO 30LIBIICHHS TIEYiHKN BU3HAYCHE 32

PaxyHOK IPaBOi YacTKH, O3 JOCTOBIPHHX BIIMIHHOCTEH MK FPyIIaMU.
ToBIvHA JTiBOT YaCTKHM TaKOXK MaJla TEHJICHIIIO 0 30UTBIICHHS, 3 JI0-
CTOBIPHOIO PI3HHMILICIO MK IPyIIaMH 3i CTEaTO30M 1 LIUPO30M TIEHiHKHL.
ToBIIkHA XBOCTATOI YaCTKK 30epirajach y Mexax HOPMH y OUTBIIOCTI
XBOPHX, 13 IOCTOBIPHICTIO BIIMIHHOCTEI MK TpyIaMH 31 cTearorena-
THTOM 1 IMPO30M MeuiHKH. Taki CHIMITTOMU SIK ITiIBHILICHA €XOTeHHICTD
MEYiHKU Ta JUCTAIBHE 3raCaHHs YJBTPa3ByKy IOKa3aHi 3 BHCOKOKO
yacrotoro (60-100%) B yciX XBOpHX Ha HEAJIKOTOJIBHY JKHPOBY XBO-
poOy (tadmn. 3). LIi 03HaKu BU3HAIOTH SIK OCHOBHI YJIBTpacoHOrpadivHi
CHMITTOMH CTeaTO03y NEYiHKH. 3 iHIIOro OOKY, HU3KAa CHMITTOMIB (He-
OZIHOPITHICT €XOCTPYKTYPH TEUYiHKH CEpPeHbO- Ta KPYITHO3EPHUCTO-
TO XapakTepy, 3a0KPYIVICHICTh HIKHBOTO KPAro IEYiHKH, HEPIBHICTH
KOHTYpY TI€UiHKH), YaCTOTa SIKMX OLTBIION MIpOO MOTJIa OyTH OB SI-
3aHa 3 BUPaKCHHICTIO 3aMaJIbHIX, a TaKOXK (HiOpPO3HIX 3MiH, HABIIAKH,
PeECTpYBAIIHCS JIEIIO YACTIIIIE y TALEHTIB 31 CTEATOTeNaTUTOM 1 IpO-
30M, HDK 31 CTEATO30M.

Ta6auus 1
Tloka3unku GyHKIIOHATIEHOTO CTaHy TICYiHKA
00cTexEeHNX XBOpHX (X = SD)

Irpyma Ilrpyma Ilrpyna Kowntpomns
Torasrmi n=15 n=9 n=15 n=20
519 682 82,8 254
AJIT, on/n £148  £62% L164% 198
324 46,6 64,5+ 19,6
ACT, on/n £27 438 1647 174
o . 122 15,7 397+ 132
Binipy0iH 3araibHuUi, MKMOJIB/JT +07 L1085 122
o . 29 38 148+ 41
Binipy0iH mpsiMuii, MKMOJIB/TT +02 £03 5 5k £06
S —— 98,6 1252 1166+ 786
YoAH » OlL. £172  +278 176 £335
TammaryTamiTTpaHCIenTHIasa, 2.6 85,5 2280+ 39,7
oL/t +57 +249  62,1%>  +£182
i . o 3,15 3,08 335+ 2,13
~JHHONPOTELI, MMOJIB/T £28] 143 3,08 £0,81
Binox S 735 749 23+ 75,5
SaraybHIH, +6,6 +72 62 £86
. 573 472 36,6+ 59,1
AJBOyMiH, /71 14 £05 L1** 15]
1,10 1,15 134+ 1,10
MHB +£0,03  +002 008  +0,13
Bi6 y 29 3,16 406+ 27
1OPUHOTCH, I/11 £025  +0,11 051”7  +08

Tpumimru: P < 0,05 — JOCTOBIpHICTb PO3XOKEHb MK MOKasHHKamu 11
TPyIH XBOPHUX i KOHTPOJBHOIO rpymnoio (*), III Ta KOHTPOIBHOIO IpyIOI0

(**), Il ta 1T rpyn (), I ta Trpym (°), T ta 11 rpym () 3a t-xpurepiem
CrplozieHTa.

Pe3ysprari KOMITIEKCHOTO COHOTPA(IYHOrO IOCTI/DKCHHS OpraHiB
YepeBHOI MIOPOYKHUHK Yy XBOPUX HA HEAIKOTOJIBHY YKHPOBY XBOPOOY
TICYiHKY TIOKa3T! XapaKTepHi BIIMIHHOCTI Y TPYTIi XBOPHX 13 IIMPO30OM
(Tabm. 2).

Tabuauus 2
VabTpacoHorpagiuHi 0co0IMBOCTI po3MipiB HediHkH (X £ SD)
Irpyna IIrpyna I rpyna
Torasic n=15 n=92 n=15

1615299 1567 <174 1605202
767499 780+159 8594126+
3025468 328464 386+97
15(100)  88(957)  15(100)

ToBILMHA MPABOI YACTKH MEYiHKH, MM
ToBiMHa JTIBOi YaCTKH IIEYIHKH, MM
ToBiwHa XBOCTATO! YaCTKH, MM
Terraromeraist, n (%)

Tpumimru: * — P < 0,05, 10CTOBIpHICTb PO3X0OKEHb MK MokaszHukamu 111
ta | rpyn 3a t-kpurepiem Crbronenta; ** — P < 0,05, 1ocToBipHICTH po3-
XOKeHb Mixk rokasHukami 111 Ta II rpym 3a t-kputepiem CTbroneHTa.

TMomiOHMM CHIBBITHOIICHHSM XapaKTePU3yBAIKCS 3MIHH aHTioap-
XITEKTOHIKH NEYIHKH (IiaMeTp BOPITHOI BEHH, Bi3yalli3aLlisi IeYiHKOBUX
Bex). [oripuienns Bisyastizaiii JpiOHMX TiIOK MEYiHKOBUX BEH uepe3
3[JIa/DKEHICTh (MEHIL BUPa3HICTh) CYJMHHOIO MaJTFOHKA Ta $0ro 30i1-
HEHHS! BUSIBJISUTN IOCTOBIpHO vacrirme 3a mupo3y (80,0%), Hix 3a crea-
Toreratuty (47,8%). Y 60 XBOpHX BHKOHAHO Yepe3IIKipHy TpeIaH-
OIOTICIFO TICUIHKH i YJIBTPa3ByKOBUM KOHTpoieM. [Iporemypy npo-
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BOJIFUTH TIiJT MICIICBOKO aHECTE3I€r0. Y CKJIAIHEHB, SIKI BUMArali orepa-
THBHOI Kopekilii, He crioctepiram. Y 5 (8,3%) naiiieHTiB BiaMiueHO
KOpPOTKOYACHUI OLTb B 00JIACTi MyHKL], Ca0KiCTh, 3ariaMOPOYCHHS,
110 He MOTPeOyBAIM MEMKAMEHTO3HO! KopekLii. B omHoMy Bunaaky
(1,7%) GomboBHIA CHHIPOM TIiCTI OIOTCIT KyMipyBaId BHY TPIIIHEOM 5I-
30BHM YBEJCHHSAM aHAIBIETHKA. [ aHami3y OTpUMaHOro Marepiary
BHKopucToBYBaH crcTeMy E. M. Brunt (Brunt & Tiniakos, 2010).

Pesyibratit MOPQOIOTYHOTO JOCIIPKEHHS OKA3aIX BIICYTHICTH
¢idposy y 24 (40,0%), cnadkwii ¢idpo3 (F;) mas micue y 23 (38,3%),
nomipamit (F2) —y 5 (8,3%), Buparenmii (F;) —y 4 (6,7%), uipos (Fy)
BusIBIICHO y 4 (6,7%) xBopux (puc. 3, 4). Y OuibIOCTI XBOpHX
BI3HAYCHO MiHiMasIbHHI (A1) Ta momipHuit (A2) CTyHiHb 3anaibHOIO
TPOLIECY Ta IIOMIPHHUI CTYTIHB JKupoBoi muctpodii (S2) (puc. 5).

3a marnMu Mopdororivaoro pocmimkerts, y 8 (13,3%) xBopux
BUSIBJICHO MPOCTHI CTEaTo3 MeuiHky, y 4 (6,7%) mmpo3 iy 48 (80,0%)
crearorenarur, 3 skux 26 (54,2%) 3 miniMaimsHORO, 19 (39,6%) — 3
TOMIpHOEO Ta 3 (6,3%) — 3 BUCOKOFO aKTHUBHICTIO.

8 ¥

Taoauua 3

AKyCTHYHA XapaKTePUCTHKA NEYiHKN B OOCTEKEHUX XBOPHX
Irpyna  Ilrpyna IIrpyna

Tokastii n=15 _ n=9  n=I5

TMinguieHHs exorenHocri, n (%) 12(80)  87(94,6) 15(100)

JluctanbHe 3racaHHs yIsTpasByKy, n (%) 15(100) 84(91,3) 9(60)*

HepiicTs KoHTYpY, 11 (%) 1(6,7) 2(22) 7(46,7)*

Sakpyrienuii kpaii, n (%) 7@6,7)**  79(859) 13(86,7)

HeonropinicTs cIpykTypr

Jlpidrozepructa, n (%) 8(533) 54(58,7) 3(20)*

Cepemrbo3eprrcta, n (%) 2(133)** 33359 5(333)

KpymnHoseprucra, n (%) 1(6,7) 0 6 (40)*

3MiHM aHTI0APXITEKTOHIKH TTEUiHKA
BoporHa BeHa, MM (X £ SD) 120+£1,1 123+14 142+1,7
3r1aDKeHICTh CYIMHHOTO MATIOHKA, 1 (%) 6 (40) 44478 12 (80)*

_F

Tpumimku: * — P < 0,05, Z0CTOBIPHICTh PO3XOMKEHb MK MoKa3HuKamu 111
ta I i Il rpymamu 3a t-xpurepiem Crbronenta; ** — P < 0,05, nocToBipHicTs
posxomxenb Mk I ta I1 1 Il rpymamu 3a t-kputepiem CtbroneHTa.

Puc. 3. Cranii pidpo3y 3a E. M. Brunt: a — xBopuii 3., cryninb ¢ibposy Fi; 6 — xBopa B., crynine ¢i6po3y F,; 6 — xBopwii B.,
crynisb (idpo3y Fs; 2 — xBopwii [1., cTymninb ¢idpo3y F,; 3a6apenenns 3a Mauiopi B Moaudikarii CriHueHKO

OFo
Hr1
oF2
EF3
OF4

Puc. 4. Pesysbratit MOPGOIOTIMHOTO HOCITI HKESHHS:

crynidb ¢ibposy F
Tabanus 4
PiBHI MeuiHKOBUX TpaHCAaMiHa3 3aJIeKHO Bif cTaii Gibpo3y
Crymninb ¢idposy
TloxasHuk FO Fl1 F2 F3 F4
n=24 n=23 n=35 n=4 n=4

AllT,on/n 67,7+158 548+73 1092+49,7 949+327 66,8+26,7
ACT,on/n 42,7+£9,7 353+34 53,0+16,5 560+6,5% 90,7+38,1**

Tpumimku: * — P < 0,05, ZOCTOBIPHICTh PO3XOKEHb MK TTIOKa3HHKaMu F;
Ta F3; ** — P < 0,05, nocTOBIpHICTb PO3X0/KEHb MiX NMoKa3HUKamu F; Ta Fy.
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3a pesysbraTaMil KOPEJBIL[HHOIO aHaji3y He BUSBICHO 3B’SI3KY
MDX cTymeHeM (iOpo3y, cTeaTosy, aKTHBHICTIO 3aITaTbHOTO TIPOLIECY Ta
AKTHBHICTIO TIEYIHKOBUX TPaHCaMiHa3, a JOCTOBIPHI BIIMIHHOCTI II0ZIO
niokazaukiB AJIT i ACT crocrepiram mix cabkum (F) 1 BupaxkeHnM
(F5) didpozom i crradrrmv didposom (F; ) i ppozom nevinkw (Fy) (Tabo. 4).

Crapnist ibpo3y Ge3nocepeiHb0 KOpeimoBana 3 YaCTOTOI HH3KU
TIOKa3HUKIB YJIBTpacoHorpadii MeyiHKH: IMiBHIIeHa eXOreHHICTh (I =
0,56, P = 0,04), HeoHOpiaHICTH ex0oCTpyKTYpH nedinky (r = 0,58, P =
0,04), 3umKenHs Bizyanmisaii nedinkoBux BeH (r = 0,64, P = 0,01), sixi
MOXKHA PO3IIISZIATH SIK KITHIYHI eKBiBasieHTH (idpo3y.

O0roBopeHHs1

TakuM 4MHOM, JUI XBOPHX Ha HEAIKOTOJIBHY JKUPOBY XBOPOOY
TEYiHKM XapaKTepHAa HAsSBHICTb LMTOJITHYHOTO CHHIPOMY 4epe3
TIBULICHHST aKTUBHOCTI TpaHCaMiHa3, 10 TOTO JK, BiAMIYaId BHILILY
axtuHicth AJIT, nik ACT. IToaiOHi TeHeHii criocTepiraimy y XBo-
PHX YCIX TpyIL, ane 3MiHi OyJr 3HAYHIIIMMH Y XBOPUX Ha LIUPO3 Tie-
yiHky. [liBUIIIEHHS KOHIIEHTpALli 3araimbHOTO OLTpyOiHy (IepeBaKHO
3a paxyHOK 30UTbIIEHHs] HeNpsiMOi (ppaKilii) Ta aKTHBHOCTI TaMMariTy-
TaMUTTpaHCTIENTHA3H Y TALIEHTIB 13 IMPO30M TOPIBHSHO 31 XBOPUMH
Ha CTearo3 i CTeaTorenaruT yKasye Ha PO3BUTOK BHYTPIIIHBO-TICHiH-
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KOBOTO XOJIECTa3y, IO OSICHIOETHCS TIOPYILICHHSIM CTPYKTYPH TeUiH-
ku uepe3 (ioposHy Tpanchopmartiro. [Tinpuienss $hiOpHUHOreHy, Bi-
3Ha4YeHE y TPy 3 LPO30M, [OKa3ye AUCOATIAHC Y CHCTeMi [eMOCTa3y:
CXWIBHICTB J10 MMEePKOAryJisiiiii Ta pU3UK YTBOPEHHS TPOMOIB.

5% 13%

OA0
38% OAl
OA2

HA3
44%

30% 28%
@s!
Os2
os3

42%

Puc. 5. Pesynbratit MOPGOIOri4HOTO JOCIIPKEHHS: CTYIiHb
AKTUBHOCTI 3allJIbHOTO TIpotiecy (A) Ta crearosy HediHku (S)

V wisioMy, aKTHBHICT TpaHCaMiHa3 XapaKTepU3yBaia LIUTOIMI3 Te-
TIATOLMTIB, XapaKTePHHH T HEATKOTOJIBHOT SKHPOBOI XBOPOOH TICHiHKH.
Takox miniManeaa aktrBHICTE AJIT Ta ACT y rpymi 3i creato3oM,
TIXTBEPIDKYE JaHi, 110 PIBeHb TpaHCaMiHAa3 He 3aBKIM BiIOOpakae Mop-
(ororiuHy aKTHBHICTB 3aIIJIGHOTO rporiecy B redinmi (Shim, 2012).

V nocrmimkenni 440 oci0, marieHTH 3 HOPMATHHAM Ta ITiABHUIIIC-
HuM nokaszHrkoM AJIT mManu mofiOHy TSHKKICTb HEalTKOroJIbHOT HKHPO-
Boi xBopoOu. Lle cBimumTh, IO piBHI aMiHOTpaHC(Epa3 IUIA3MH —
HEIOCKOHATI TiapaMeTpu Wi il miarHoctuku (Maximos et al., 2015).
Haemakw, y crarri kopeficekix BueHnx (Lee et al., 2017) akTuBHICTH
AJIT Bu3HAuYeHA SIK HE3AIKHUH IPEIWKTOP PO3BUTKY TSDKKOTO (i-
Opo3y. Takok y AOCHIDKEHHI, TIpoBencHOMY B IcmaHii, 32 TaHAMU
perpeciiiHoro aHanizy, piseHb AJIT y cupoBartiii KpoBi BU3HAYCHHIT SIK
TOJIOBHUH IOKa3HUK HEAJIKOTOJILHOT KMPOBOT XBOPOOH (HE3aNIEKHO BiJT
crarTi, BiKy, IHIEKCY Macy Tijia Ta OKpy>kHocTi Tauii). Kpim Toro, kprsa
ROC mama AUC 0,93 i nokazaia, mo 3nauenss AJIT y cuposariii
KpoBi >23 on1./71 mependadano HasBHICTh HEATKOTOJIBHOT KUPOBOI XBO-
pobu medinku 3 yymmBicTio 0,94 Ta cnemmdivnicTio 0,72 (Martin-
Rodriguez et al., 2017).

JliarHocTIYHa 3HAYYIICTh YJIBTPa3ByKOBOTO JOCIIDKEHHS 00
BIIBJICHHS CTEATO3y 3MIHIOETHCS 3AJISKHO Bijl HASBHOCTI CYIyTHBOI
TIaToJIOTii IeYiHKHU. Y NalieHTIB Oe3 CyITy THHOTO 3aXBOPIOBAHHSI TIEUiH-
KM LIed METOJ IPOIOHY€E AOCTATHBO TOYHY UATHOCTHKY CEPeIHBO-
BKKOIO CTeaTo3y MEUiHKH, 3 OKa3HUKoM dyTiuBocTi 81,8-100,0%, a
criermgivnicts 98,0%. Ha BimMiHy Bim 1p0T0, YIBTPa3ByKOBE IOCIII-
JKEHHSI MCHIII TOYHE 32 JIarHOCTHKU CTEaTo3y IEUiHKH, KOMH Bpaxo-
BYBJIM BCi Horo cTymeHi (To6To > 3% abo 5%), i3 3apeecTpoBaHOO
gy TmBICTIO Bix 53,3% 1o 66,6% Ta cnemudivnictio Bin 77,0% 1o
93,1% (Lee et al., 2010). Ockiibku TieyiHKOBHUIA (HiOPO3 TAKOXK 301Th-
IITy€ XOTCHHICTh MEYiHKH, HASBHICTh XPOHIYHOTO 3aXBOPIOBAHHS 1IHOTO
opraHa 3HWKY€ TOYHICTb YJIBTPa3ByKOBOTO JOCIIDKEHHS 3a [arHo-
CTHKH cTearo3y. Harpukiiaz, ofHe A0CIiDKEHH s, SIKe BKITFOYaUIO ITalli-
enriB 13 renatutoM C (Hepburn et al., 2005), BUSBIIIO, 110 yIIBTPa3By-
KOBE JOCIIDKEHH Mano dyTuBicTe 60% Ta crermdiunicts 73% y
TIPOLIEC] BUSIBJICHHS! CEPEIHBOBAYKKOIO CTYTICHS CTEaTO3y MEUiHKH.

Harre ociimpkeHnst oKasaio, 0 TaKi CUMIITOMH SIK ITBUILEHA
€XOTCHHICTb MeYiHKM Ta JMCTAIBHE 3racaHHs YJBTPa3ByKy (OCHOBHI
yABTpacoHOrpadiyHi CUMITTOMH CTEATO3y MEUYIHKH) XapaKTepr3yBai-
s BUCOKOIO YacTOTOIO B YCiX XBOPHX Ha HEAJIKOrOJIbHY JKHPOBY XBO-
poby medinky. Hiska cumiToMiB (HEOIHOPIIHICTb €XOCTPYKTYPH Iie-
YiHKH CEpPEIHBO- Ta KPYIHO3EPHUCTOTO XapaKTepy, 3a0KPYIJICHICTh

HIDKHBOTO Kparo, HepiBHICTb KOHTYPY), YaCTOTa SIKUX OLTBILION0 MipOIO
TIOB’s13aHa 3 BUPAXKEHICTIO 3aNIBHUX, a TAKOXK (DiOPO3HMX 3MiH, BUSB-
JIeHI He3HAYHO YACTillle y TALUEHTIB 3i CTEAaTOreraTiuToOM 1 LUPO30M,
HDX 3i crearo3oMm. TloripiieHHs Bizyamizanii ApiOHMX MiIOK MEeYiHKOBHUX
BEH BHACJII/IOK 31VIaDKEHOCTI CYIMHHOTO MAJTFOHKA Ta HOro 301THEHHS,
30UTBIICHHS CENE3IHKA B PO3Mipax, MOPSIT i3 PO3LMIMPEHHSM CENE3IHKO-
BOi BEHH Y XBOPHX Ha LIMPO3 IEYIHKH PO3IVIAAIHCS SIK KOMIIOHEHT
TOPTATBHOI TinepTen3ii Ta Oy HaciiakoM (hiopoTuyaHOT TpaHchop-
Maril IEYiHKH.

BucHoBku

BincyrthicTe kopersiiii crymnenst ¢iOpo3y 3 piBHEM TpaHCaMiHa3
TATBEPIKYE HIB3bKY TArHOCTHYHY 3HAYMMICTD [IUX MOKa3HUKIB. Has-
TIAKH, BUSIBJICHNH Y HABEIEHOMY JIOCIT/DKEHHI TTOMIPHHI MM KO-
PeILIHHMIA 3B’130K OKPEMHX YIJIBTPacOHOrpaiHMX MOKA3HHUKIB ITe-
YiHKY 3i cTyrieHeM (iOpo3y Bkasye Ha MOMIIMBICTD BUKOPHICTAHHS LIOTO
METOJTY JUTSl CKPUHIHTY HEAKOTOJTEHOT KMPOBOI XBOPOOH MEUiHKH.
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Foodborne diseases are considered an important public health problem at a global level due to their levels of
incidence and mortality as well as their negative consequences in economic and social aspects. Foodborne diseases are
defined as those that are generated by the ingestion of food and water contaminated by chemical or biological agents
commonly affecting health at the level of the gastrointestinal system. Among the risks and dangers to health from food
are the diseases caused by Clostridium perfiringens, a common bacterium which inhabits water, soil, vegetables, fish,
the gastrointestinal system of human and animals and of course foods. The importance of this bacterium in health and
food lies both in its cosmopolitan distribution, ability to generate heat-resistant spores and food poisoning, which makes
control and prevention actions indispensable along the food chain. This article presents a general description of
foodborne diseases, including those caused by consumption of food, such as fish, derived from contamination by
C. perfringens; likewise, the actions and recommendations undertaken around the world for the prevention and control
of these diseases are shown, including aspects related to the antimicrobial resistance phenomenon and its impact on

public health.
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Foodborne diseases generalities

Foodbormne diseases (FD) are those caused by the ingestion of food
and water contaminated by microorganisms or chemical substances, the
most common clinical manifestation being the appearance of gastroin-
testinal symptoms (WHO, 2018). These diseases are considered an
important public health problem at a global level due to their incidence
and mortality together with the negative economic and social repercus-
sions (Palomino & Gonzalez, 2014; Lorenzo & Galvez, 2015).

Estimates from the World Health Organization (WHO) indicate
that annually around the world FD cause 420,000 deaths, of which one
third are of children; while for the Americas region they indicate that
around 77 million people fall ill and more than 9,000 die from these
diseases (WHO, 2018a). In the United States alone, it is estimated that
around 76 million people suffer from FD, 325,000 are hospitalized and
5,000 die each year, implying high health services costs (Olea et al.,
2012). Factors such as the mobility of populations, growing urbanize-
tion, new forms and industries of production and sale of food, changes
in eating habits, the globalization of the market and the lack of know-
ledge or perception of risk to health by all those involved in the chain of
food production and service have contributed to a higher rate of conta-
mination and incidence of diseases in consumers (Olea et al., 2012;
Palomino & Gonzalez, 2014; Lorenzo & Gélvez, 2015).

Food due to its composition in water and nutrients is a favorable
environment for microbial growth and in turn constitutes a vehicle for
the transport of different diseases. Furthermore, if warm environmental
conditions are present, microbial growth can be further favored by
unhygienic practices during the handling of products; pathogenic micro-
organisms can be transferred to the surface of food from many sources
(soil, water, insects, food handlers), which generates health risks for the
consumer (Barbosa & Bermudez, 2010). Food contamination can be

Keywords: foodborne diseases; food safety; microorganisms; gastrointestinal symptoms

widespread and varied, with approximately 250 causal agents of diseases
described; these contaminants can be of physical, chemical and biolo-
gical origin, among which are included bacteria, viruses, fungi, parasi-
tes, prions, toxins and metals that can compromise the consumer's
health; where contamination by biological agents (bacteria, fungi, viru-
ses and parasites) represents the highest incidence and risk to health
(Barreto et al., 2010; Olea et al., 2012; PAHO, 2016). Among the bacte-
ria generally involved in the production of diseases through food are
Staphylococcus aureus, Listeria monocytogenes, Escherichia coli, Clos-
tridium perfringens, Campylobacter jejuni, Salmonella spp., Shigella
spp., among others (USDA, 2013).

This article presents a general description of foodborne diseases,
including those caused by food consumption, such as fish deriving from
contamination by microbial agents such as C. perfiingens; likewise, the
actions and recommendations for the prevention and control of these
diseases are shown; in addition to showing the incidence of the phenol-
menon of antimicrobial resistance by this pathogenic bacterium.

The genus Clostridium

The genus Clostridium is formed by around 150 species, which are
both phylogenetically and phenotypically heterogeneous. Some species
are of importance in various industrial areas, such as C. acetobutylicum,
C. bejjerinckii and C. butirycum, since they produce organic solvents
(Castafio, 2008), C. pasteurianum are involved in deterioration in
storage stability of food and juices that undergo inadequate thermal
processes (Feng et al., 2010) while species such as C. botulinum,
C. perfiingens, C. tetani and C. difficile are of clinical importance and
must be considered pathogenic to food, giving rise to diseases by action of
extracellular toxins (Rhodehamel & Harmon, 2001; Morris & Fernan-
dez, 2008; El-Shorbagy et al., 2012; Garcia et al., 2016). The bacteria of
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the genus Clostridium, are characterized by having a vegetative form in
the form of bacilli. They are gram positive, anaerobic, do not form pili
and fimbriae, have peritrichous flagella except for C. perfiingens and
form spores and toxins. They are located generally in nature and com-
monly as a constituent part in the gastrointestinal system of animals,
spreading through food, thus generating food intoxication (Romero,
2007; Elika, 2013). The species associated with diverse pathologies in
humans, including the alimentary toxi infections (C. difficile, C. novyi,
C. septicum, C. histolyticum, C. sordelli, C. fallax, C. botulinum and C.
perfringens); the toxins of the latter affect the nervous and gastrointes-
tinal system respectively (Romero, 2007; Elika, 2013; OPS, 2016).

Clostridium perfiingens

C. perfiingens is a bacterium belonging to the family Bacillaceae in
the form of a bacillus measuring: 4-8 pm x 0.3—1.5 pm, Gram positive,
capped, non-mobile, sporulated, it is relatively acrotolerant, catalase
negative, fermented carbohydrates (glucose, lactose, sucrose, fructose,
maltose and galactose) with production of acid and carbon dioxide,
produce H,S and hydrogen, its optimal growth temperature is 37-45 °C
and it tolerates NaCl concentrations of 2%, is anaerobic but able to
grow at values of Eh of +350 mV and reduce its environment to less
than —400 mV, it has a cosmopolitan distribution in the environment
mainly in soil, wastewater, spices, vegetables, raw foods, processed
foods and in the gastrointestinal system of man and animals (Pascual &
Calder6n, 2000; Morris & Fernandez, 2008; Massoc, 2008; Santos &
Heredia, 2011; Gamboa et al., 2011; El-Shorbagy et al., 2012; CDC,
2017). Being a microorganism sporulated under unfavorable conditions
or growth stress in its vegetative forms, it generates heat-resistant spores
as forms of survival, whose process is linked to the production of toxins
(Pascual & Calderdn, 2000; Morris & Fernandez, 2008; Massoc, 2008;
El-Shorbagy et al., 2012). A high correlation has been established bet-
ween the ability of C. perfringens strains to produce toxins and generate
food poisoning and conditions such as necrotic enteritis and gas
gangrene (Rhodehamel & Harmon, 2001; El-Shorbagy et al., 2012).
The ability of C. perfringens to generate spores by sulfite-reducing clos-
tridia, being inhabitants of the gastrointestinal system of mammals and
resistant to different conditions of environmental stress, makes them
useful as indicators of fecal contamination of water for human use and
consumption which can put health at risk (Rios et al., 2017).

Food poisoning by C. perfiingens tends to be self-limiting, symp-
toms appearing suddenly such as watery diarrhea, severe abdominal
pain and cramping 8 to 16 hours after ingestion lasting approximately
24 hours. The vast majority of outbreaks of disease are related to inade-
quate handling, preparation and preservation of food, such as temperatu-
re control, especially in meat and meat products (Perdomo & Melendez,
2004; Massoc, 2008; CDC, 2017). It is estimated that C. perfringens is
capable of generating toxinfection through ingestion in foods with
inocula above 10° to 10° CFU/g (Pascual & Calderdn, 2000; Santos &
Heredia, 2011; PAHO, 2016). The population in general is susceptible
to poisoning by this pathogen but children under 5 years of age, older
adults, pregnant women and people with weakened immune systems
are at higher risk of C. perfringens infection and experience more severe
symptoms (CDC, 2017).

The virulence factors attributable to C. perfringens include the ca-
pacity to generate different toxins. Among those one usually finds the
toxin alpha (a), beta (B), epsilon (g) and iota (1) that are used for the
bacterial classification of the species into five toxinotypes from A to E
according to the toxins produced where the type A produces (o), B
produces (), (B) and (g), C produces () and (), D produces (o) and (&)
and E produces () e (1) (Morris & Fernandez, 2008; Gamboa et al.,
2011; El-Shorbagy et al., 2012). This microorganism also generates
different enzymes hydrolytics: lecithinases, hemolysins, hyaluronidases,
collagenases, DNAase and amylases (Santos & Heredia, 2011). It also
presents the synthesis of other protein toxins that also contribute to
virulence but are not considered for their classification, such as CPE
enterotoxin encoded by the cpe gene responsible for diarrhea in humans
and animals, the NetB associated with necrotic enteritis in birds and [3,
toxin, related to enteritis cases (Morris & Fernandez, 2008; Gamboa

etal.,, 2011). Foodbormne diseases that have C. perfiingens as a causative
agent are commonly related to type A strains, while necrotic enteritis is
caused by type C and some type A strains (Santos & Heredia, 2011).
According to estimates from the Centers for Disease Control and Pre-
vention of the United States of America (CDC), approximately one
million cases of foodbome diseases caused by C. perfiingens are recor-
ded annually, it being one of the most common causative agents of food
poisoning (CDC, 2017). Reporting food poisoning by C. perfiingens is
not mandatory in this country. However, the centers for disease control
and prevention estimate 250,000 cases per year due to food poisoning
due to C. perfiingens type A (Santos & Heredia, 2011).

C. perfiingens and fish

Fish is considered an important source of food due to its easy diges-
tibility, high nutritional value due to its composition of water, proteins,
lipids, vitamins, minerals and carbohydrates, besides representing a
source of economic and living income for millions of people around of
the world (FAO, 1998, 2016; Sheyin & Solomon, 2017). However,
these same characteristics make this food a highly susceptible source of
deterioration and decomposition by enzymes of the fish itself (autolysis)
and microorganisms, converting them into a vehicle of diseases when
consumed (Avdalov, 2009). The microbiote present in fish is related to
various factors such as: the nature of the water, temperature, food,
season of year from which they are extracted, among others. Human
activities have had a detrimental effect on water, so there may be a risk
of contamination with pathogenic microorganisms from it, as well as by
those activities involved in capture, cultivation (aquaculture), processing
and conservation actions, such as for example the use of poor quality
water, poor hygiene practices in handling, while fish processing
facilities which are contaminated can be contaminated by chemical or
biological agents (Garcia & Calvario, 2008; Avdalov, 2009; Sheyin &
Solomon, 2017). C. perfringens being a cosmopolitan microorganism
can be located in diverse environments such as the soil, aquatic ecosys-
tems, gastrointestinal system of animals and fish, as well as raw and
processed foods (Matches et al., 1974; Kimura, 1996; Santos & Here-
dia, 2011; Sheyin & Solomon, 2017). This microorganism has been
implicated in outbreaks of food-borne diseases that are related to the
consumption of meat and derivatives, including fish; in the United
States of North America in the period from 1998 to 2008, 2468 cases of
foodborne diseases were reported, in which there were 461 cases of this
pathogen being identified as the causative agent (Kimura, 1996; El-
Shorbagy et al., 2012; Painter et al., 2013; CDC, 2017). The cases of
foodborne diseases that have C. perfringens as a producing agent are
related to inadequate storage, processing and food service operations,
preferably in places that concentrate large groups of people such as
hospitals, school canteens, prisons and old people’s homes, or in events
with food service (Kimura, 1996; El-Shorbagy et al., 2012; CDC,
2017). The ubiquitous nature of this microorganism and its spores make
it a frequent problem and challenge for the food industry and estab-
lishments that produce large amounts of food (Santos & Heredia, 2009).

Isolation of C. perfringens in foods and fish

For the isolation and detection of C. perfiingens in food, there are
several standardized methods in the scientific collection, such as the one
developed by the International Organization for Standardization (ISO)
ISO 7937:2004 for the colony count of C. perfringens (Fig. 1), the met-
hod reported by Rhodehamel & Stanley (2001), presented in the Bacte-
riological Analytical Manual (BAM) of the Food and Drug Administra-
tion (FDA) of the United States of America (Fig. 2) is also the method
reported by McNamara & Lattuada, (1998) presented in the microbio-
logy laboratory guide of the United States Department of Agriculture
(USDA) and the Food Safety and Inspection Service (FSIS) (Fig. 3).
All these methods present some similarities in conditions and culture
media used for isolation, quantification, and biochemical confirmation
for the emission of results to C. perfringens. It should be noted that prior
to the microbiological analysis, a core point of the method to be
developed is actions that involve the collection and transport of the
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sample, so it is recommended that the sample once collected for analy-
sis should be transported immediately to the laboratory at temperatures
0-10 °C. The samples collected for analysis that cannot be analyzed
immediately require special treatment; being sensitive, C. perfiingens

may lose viability in prolonged periods of refrigeration and freezing, so
they should be treated with a buffered glycerin saline solution, stored or
sent frozen to the laboratory (McNamara & Lattuada, 1998; Rhodeha-
mel & Harmon, 2001).

Sample preparation
Weighty and solutions preparation

s 2

Isolation
Transfer, by duplicate, 1 mL of the prepared solutions in Petri dishes, pour
10-15 mL of Sulfite Cycloserine (SC) agar and mix. When solid, add
a double layer of 19 mL SC agar. Incubate at 37+ 0.5°C/20+2h
in anaerobiosis conditions

S

Recounting and selection
Select the dishes with less than 150 colonies. Select 5 black-features colonies
(black precipitated caused by a reduction, from sulphide to sulfur)
as supposed Clostridium perfringens

Inoculate every selected colony,
in a fluid tioglicolate medium and
incubate at 37°C/ from 18-24 h
in anaerobiosis

Option 1. Biochemical
Confirmation. Inoculate lactose-
sulfur medium and incubate at 18—
24 h /46 °C in aerobiosis in water
bath. The gas production and black
precipitated are considered positive
for C. perfringens

Option II. Biochemical Confirmation
Inoculate lactose-gelatine medium and
nitrate-mobility and incubate at 37 °C /
24 h in anaerobiosis. If the reaction in
the lactose-relating habitat is positive
(gas production and yellow color due
to acid formation with the relating
liquidation at 48 h) and the nitrate to
nitride reduction and mobility are
negative, it is considered
C. perfringens

Results analysis

—

Fig. 1. Method for plate count of Clostridium perfiingens in food samples (ISO 7937: 2004; ANMAT, 2013)

Control and prevention of foodborne diseases

Food poisoning by C. perfiingens is commonly due to inadequate
handling of the temperature in the processing, maintenance or reheating
of food, as well as its preparation in advance of consumption (Santos &
Heredia, 2011). Low levels of C. perfringens occur in raw meats,
poultry, soups, dehydrated sauces, raw vegetables or spices during food
preparation; this coupled with the heat resistance and oxygen that can be
decreased during cooking processes favors the growth of bacteria; thus
spores that survive cooking can germinate and grow rapidly in foods
that do not undergo adequate refrigeration processes after the cooking
treatment (Rhodehamel & Harmon, 2001; Santos & Heredia, 2011).
On the other hand, C. perfringens generally loses its viability when food
is frozen or kept in prolonged refrigeration; for analytical issues in the
laboratory this characteristic can hinder isolation and detection in food
as well as establish the causes of an outbreak of food poisoning
(Rhodehamel & Harmon, 2001). The actions focused on the control and
prevention of diseases by this pathogen in food are involved in the
stages of production and storage of food in which the cooling of food
must be below 10 °C, for two or three hours, and the preservation of hot
foods above 60 °C prior to consumption. In the case of reheating cold or
refrigerated food, these should reach a minimum internal temperature of
75 °C. Likewise, cross contamination with utensils and contaminated
surfaces must be prevented (OPS, 2016).

Throughout the food chain, from primary production through
industry to household manipulation prior to consumption, strategies and
procedures have been developed, recommended and implemented in a

global manner that contribute to minimize the health risks of the consu-
mer, some of these are: good agricultural practices (GAP), good live-
stock or livestock practices, good fishing practices and aquaculture that
contribute to reducing the contamination of food with soil and fecal
animal matter, thus minimizing the bacterial load on the subject premi-
um, as well as the application of good manufacturing practices (GMP)
appropriate hygienic practices in the handling and processing, develop-
ment and implementation of control systems based on Hazard Analysis
and Critical Points (HACCP), compliance with the microbiological
criteria of raw materials in order to reduce or prevent pollution by
diverse microorganisms including strains of the genus Clostridium and
finally, for home consumption, the World Health Organization (WHO)
has developed informative handbooks aimed at the general population
on hygiene conditions in the storage, handling and preparation of food
in a healthy and safe way (WHO, 2007; Garcia & Calvario, 2008;
Ramirez & Ishihara, 2008; Avdalov, 2009; FAO, 2009; Elika, 2013;
ANMAT, 2013; Gémez et al., 2015). On the other hand, other
measures of control and prevention of contamination and deterioration
of food include the use of chemical preservatives; in the food industry
this is considered an alternative and common practice to reduce the
pathogenic and deteriorating microbial population thus avoiding risks
for the health and prolonging the life of the products; In different
investigations around the world, effective results have been reported
when combined with other barrier technologies against C. prefringens
(Santos & Heredia, 2011).

At the international level, there are different limits or microbiolo-
gical specifications established for the sanitary quality of various pro-
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cesssed foods which are susceptible to contamination with Clostridium
spp., Mexico has the official Mexican standard NOM-130-SSA1-1995
focused on packaged foods in hermetically sealed containers and sub-
jected to heat treatment; indicating the sanitary dispositions and specifi-
cations in the microbiological character, such as the presence of anaero-
bic mesophiles that consist of bacteria of the genus Clostridium, among
which are C. sporogenes, C. putrificans, C. hystoliticum, C. bifermen-
tans, C. perfiingens and C. botulinum of sanitary interest. For specific
products such as formulas for infants, foods and non-alcoholic bevera-
ges for infants and young children, the Official Mexican Standard
NOM-131-SSA1-2012, mentions the provisions, sanitary and nutritio-

nal specifications, as well as the labeling and testing methods including
in the microbiological specifications the anaerobic mesophilic microor-
ganisms. With respect to sanitary quality and safe consumption of food,
products and fishing services, the Official Mexican Standard NOM-
242-SSA1-2009 establishes sanitary specifications and test methods for
fresh, chilled, frozen and processed fishery products, being the micro-
biological specification acceptable for C. botulinum, in fresh, chilled and
frozen products as "absent" while the specification corresponding to the
presence of sporulated anaerobic thermophiles and sporulated anaerobic
mesophiles in commercially acceptable sterilized fishery products is
"negative".

Culture and Isolation

dilution to obtain a 1:10 dilution

Weight a sample and add peptone-fluid

Homogenize and prepare
dilutions from 10 to 107

v

of TSC agar without yolk emulsion,

in anaerobiosis

Let the inoculation absorb and add 10 mL

let solidify and incubate at 35 °C /20-24 h

Inoculate 0.1 mL of every
dilution and spread through
agar TSC* with yolk
emulsion

«—

v

and perform an CFU/g counting

Examine by Gram stain, growth on
TSC agar with egg yolk after 35 °C
/ 18-24 h. Typical colonies are

Select 20-200 black colonies plates |=p

Preliminar Confirmation Tests
Select 10 agar TSC yolk emulsion
colonies, inoculate each in
thioglycolate fluid media and
incubate from 18-24 h/ 35 °C

gray-yellow with opaque zones by
lecithinase activity

-
Complete biochemical
confirmation

Motility-Nitrates Medium
Lactose-Gelatin Medium

Inoculate media with fluid culture

of thioglycollate or colonies on
TSC agar plates

A

Preliminary iron-milk test
Inoculate 1 mL of fluid culture of
thioglycolate in iron-milk medium

and incubate at 46 °C in a water bath
checking every hour (h) after 2—6 h.
A stormy fermentation, milk
coagulation curd fracture in spongy
mass elevated above medium surface
is considered positive reaction

|

Incubate at ™
35°C/24h

C. perfringens in medium
Lactose-Gelatine gives a positive reaction to gas
formation, acid production and gelatin liquefaction.
Motility-nitrates, negative motility and nitrates produce

positive reaction

Fig. 2. Culture and isolation of C. perfringens from food (Rhodehamel & Harmon, 2001): * — Tryptose-Sulphite-Cycloserine Agar (TSC)

On the other hand, the Official Mexican Standard NOM-251-
SSA1-2009, indicates the guidelines for hygiene practices for the pro-
cess of food, beverages or food supplements; involving facilities, areas,
equipment and utensils, services, storage, control of operations and raw
materials, it also refers to the good practices of health and hygiene of the
personnel, which also recommends the establishment of a system of
hazard analysis and critical control points (HACCP) in order to prevent
the generation of food that carries a risk to the health of the consumer.
In Europe, on the part of the European Parliament and the Council of
the European Union, Regulation (EC) No 178/2002 establishing the
principles and general requirements of food legislation was established.
European Food Safety Authority and procedures relating to safety to
food safety are set; likewise by Commission Recommendation
2004/24/EC (DOCE 19/12/03) on the official control program for food
products that recommends taking representative samples of spices at the
level of import, production, packaging establishments, wholesale trade,
establishments that use spices in food preparation and retail trade, in
order to count C. perfringens with a microbiological limit of 100—
1000 CFU/g (Elika, 2013).

Several studies have been carried out around the world that have
reported the isolation and profile of resistance to different antimicrobials

by pathogenic microorganisms (C. perfringens, Salmonella spp., Liste-
ria monocytogenes, Escherichia coli), among others which come from
different natural environments such as soil, food, animals and human
beings. These studies generate information for a more rational use of
antibiotics in the areas of clinical, agriculture, livestock, fisheries and
aquaculture, in addition to the detection of strains with antimicrobial
resistance, which contributes to alert us about possible genetic transfer
mechanisms in nature and generate strategies in control (Abraham et al.,
2011; Gamboa et al., 2011; Granier et al., 2011; Puig et al., 2011; Slavic
etal, 2011; Elhadi et al., 2014; Gharaibeh et al., 2014).

At global level, different actions have been developed and recom-
mended in order to reduce the transmission of resistance to antimicro-
bials in the food chain and thus achieve food safety, among these
actions are good manufacturing practices, sanitary control through of
HACCP systems, good agricultural, livestock and aquaculture hygiene
practices, in addition the Codex Alimentarius has issued guidelines such
as CAC/GL 77-2011 for the risk analysis of antimicrobial resistance
transmitted by food and the code of practice to minimize and contain
antimicrobial resistance CAC/RCP 61-2005 (PAHO, 2015; FAO,
2017; FAOQ, 2018). The control of resistance to antimicrobials is a com-
mon task and, therefore, it is necessary that the participation of govern-
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ments around the world with the support of the scientific community
generate actions focused on control and surveillance in the agricultural
and clinical field by implementing surveillance and control policies and

systems for the use of antimicrobials and the phenomenon of resistance,
all in favor of the availability to the world population of food of good in
nutritional quality and safety (Padgett et al., 2011; Gestal et al., 2014).

Sample

Presumptive Test

Weigh and mix with
butterfield phosphate
diluent

Prepare dilutions
10%t010 °

Let solidify «

Once the inoculum is
absorbed, cover the
surface with 10 mL

Tryptose-Sulfite-
Cycloserine (TSC) agar
without yolk

Enrichment

In duplicate inoculate
0.1 mL / plate of each
dilution of the sample

\/

Incubate at
35°C /24hin
anaerobic
atmosphere

Examination of plates and
count of presumptive
colonies C. perfringens >
black color usually
surrounded by opaque
zone

Total Counting

Confirmation

Perform Gram stain
(Gram +, bacilli)

Incubate at 46 °C /4 h or
35°C overnight

Select 10 typical or
presumptive colonies and
inoculate fluid

|@

thioglycollate broth

« Nitrate reduction-motility test

(lactose gelatin medium)

« Fermentation of carbohydrates

Confirmation and expression of results

« Test liquefaction of gelatin and fermentation of lactose

Quantification of C. perfringens CFU / g of food based on counts in confirmed anaerobic plates

Fig. 3. Method of quantification of C. perfiingens in foods (McNamara & Lattuada, 1998)

Conclusions

Food is a priority need for human beings to achieve survival,
growth, development and for fulfillment of their daily activities. Howe-
ver, during the production of food and throughout the food chain there
can be microbial contaminations and these can be vehicles of biological
hazards to health, giving rise to different diseases. Foodborne diseases
are considered to be of great relevance worldwide in public health
aspects due to their incidence and mortality rate, together with the fact
that several years ago the appearance and increase of resistance to anti-
microbials was reported. These diseases have different causal agents
thus potentiating their importance, given the negative repercussions on
health, economy and society.

C. perfiingens is considered a danger of biological origin along the
food chain and is described as a threat to human and animal health, since
through the contamination of food and subsequent consumption it gene-
rates negative effects on health. This is complicated by reports worldwide
on the isolation of strains resistant to different antimicrobials. Different
strategies, procedures and actions have been developed and implemented
around the world through international organizations, the food industry,
government and academia to control and prevent food contamination by
food pathogens such as C. perfringens, in an effort to guarantee the supply
of safe food to the general population in all stages that go from its primary
production through its processing and transformation until its conser-
vation, manipulation and preparation prior to its consumption.

Satisfying the growing demand for safe and nutritious food globally
still requires a great common effort from the food industry, govern-
ments, and academia, including the general population, through their
awareness of the different risks and dangers to health from food, hand-

ling and storage conditions for consumption in order to minimize the
incidence of foodborne diseases and their impact on health.
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materials approved for use in and on foods (isoamyl alcohol, isoamyl acetate, raspberry ketone, trilon B, methyl-
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these substances against nematodes in the conditions of farming enterprises and agricultural complexes.
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Introduction

Throughout the world a daily struggle takes place against
parasitic diseases of agricultural animals. These infestations cause
significant economic damage to farming enterprises and large
stock-raising facilities, which consequently fall short of their
potential in meat and dairy production. The most common parasitic
diseases are helminthiases (Vercruysse et al., 2001; Biffa et al.,
2007; Van der Voorta et al., 2013; Boyko et al., 2016). Ruminantia
in Ukraine and other countries of Europe are regularly observed to
be infected with the following nematodes of gastrointestinal tract:
Haemonchosis, Nematodirus, Trichostrongyloidosis, Chabertiosis,
Bunostomosis, Protostrongylidoses, Strongyloides, etc. (Lindqvist
et al., 2001; Bhutto et al., 2002). Some of the abovementioned
parasites are related to the feeding of nematodes on the blood of
mammal hosts. As a result, the biochemical indicators of the milk
of cattle, sheep and goats change (Boyko et al., 2016). The quality
of the meat products decreases as well. The helminths constantly
release a significant number of toxins into the host’s organism,
causing intoxication (Faye et al., 2003; Cringoli et al., 2008).

In the struggle against helminthic diseases, therapeutic and
preventive measures play a significant role. They are aimed at
chemotherapy and chemoprophylaxis with the use of anthelminthic
preparations. The most common (Ploeger et al., 1990; Kloosterman
et al., 1996; Veneziano et al., 2004) preparations against helminths
are broad-spectrum preparations on the basis of macrocyclic
lactones (Ivermectin, Doramectin, Abamectin, etc), Benzimidazoles

(Albendazole, Mebendazole, Fenbendazole). Modern veterinary
medicine also applies alternative methods against helminths using
herbaceous preparations. However, the extent of their impact is
differently interpreted by various authors (Rahmann & Seip, 2006;
Burke et al., 2009; Cheng et al., 2009; Lu et al., 2010; Chhetri et al.,
2015; Gonzalez-Coloma et al., 2017). For preventing helminthic
infestations, it is recommended to cultivate the pastures, plough the
land on their territories, provide a pen-system of grazing, conduct
mechanical cleaning from bushes, rocks, drying, and taking measu-
res against intermediate hosts and other methods. Our previous
studies devoted to the impact of food additives on the survivability
of the larvae of the nematode of pigs Strongyloides ransomi
(Schwartz and Alicata, 1930), and eggs of Ascaris suuum Goeze,
1782 indicated positive results for certain flavourings, preservatives
and other types of food additives used in the food industry.
Therefore, a relevant issue today is determining their impact on
other species of nematodes often found in agricultural animals
(Boyko etal., 2017).

Materials and methods

In the summer of 2017, we collected faeces of Ruminantia on
the territory of Dnipropetrovsk oblast of Ukraine to the amount of
100 g from every individual (n = 56). The material was transported
in plastic containers at a temperature of 22-24 °C to the parasite-
logical laboratory of Dnipro State Agrarian-Economic University.
The samples with helminths for use in the experiment were
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identified using the McMaster method. For the study, we selected
third age larvae (L;) of Haemonchus contortus (Rudolphi, 1803)
from the Strongylida order and larvae of first, second and third age
(Ly, Ly, Ly) of Strongyloides papillosus (Wedl, 1856) from the

Rhabditida order (Van Wyk & Mayhew, 2013) (Fig. 1). For the
experiment, the larvac were cultivated during 8 days at a
temperature of 22-24 °C. The larvae material was collected using
the Baermann test (Zajac & Conboy, 2011).

bl- ]

Fig. 1. Strongyloides papillosus (Wedl, 1856) of different ages (a) and Haemonchus contortus (Rudolphi, 1803) L; (b): bar — 10 pm

Table 1
Usage and properties of the flavourings and preservatives* used for determining the level of survivability
of Strongyloides papillosus (Wedl, 1856) and Haemonchus contortus (Rudolphi, 1803) larvae

Chemical . Usage
Substance name formula Structural formula Properties Content in food industry o medicing
optically inactive used for preparing
(3_512??&3_1;??{01) CsH,,0 )v\ colourless substance fusel oils extractions with pleasant no data on usage
Y oH with unpleasant odour fruit odour
traction for produ-
Isoamyl acetate 9 colourless substance . _ pearext
(3-methyl-butyl acetatc) CH,40, )J\O /\)\ with sharp pear odour insome fruits ~ cing fruit V\:tl(t:er, caramel, no data on usage
Raspberry ketone a . . .
(d-(d-hydroxyphenyl) CoH0, ,f,\jﬂvﬂ\ colqurl&.ss substance in Ied. as a food additive with fruit used in cosmetology
butan-2-one) ot with citrus odour raspberries flavour
Trilon B - in the production of medical
(222" 2" (ethane-12- ¢ Can white crystalline in food preservation. as preparations and in cases of
diyl djr]iuilo) o tra-ace’ i CioHi6NoNa,Og My T powder or crystals of - arll)tioxi dant > heavy metal intoxication, in
acid), E. e e F white colour dentistry, as a preservative in
> s = eye preparations
g white crystalline in the roots of
Methylparaben, Eys CgHgO; substance with Oxalis as a preservative as an antiseptic
distinctive odour tuberose

Note: * — properties of the substances are given according to Lide, 1980; Fahlbusch et al., 2002; Soni et al., 2002; Catalog of Organics and Fine Chemicals,
2004; Nomenclature of Organic Chemistry, 2014.
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Sediment with larvae was obtained by centrifugation (4 minutes
at 1500 circles per minute), which was put into 1.5 ml plastic test
tubes in equal portions. Then 1 ml of 1.0% water solution of each
tested substance was added to the larvae cultures (0.1 ml, 20—
40 ind.). The exposure lasted 24 hours. The temperature regime in
the thermostat was within 22-24 °C. The nematode larvae were
affected by food additives from the group of flavourings, and also
preservatives (the experiment used three concentrations of the
tested substances: 1%, 0.01%, 0.0001%). Every variant of the
experiment was repeated eight times. The laboratory studies were
conducted using chemically pure isoamyl alcohol, isoamyl acetate,
raspberry ketone, Trilon B, and methylparaben (Table 1).

The statistical analysis of the results was performed through a
set of Statistica 8.0 (StatSoft Inc., USA), the figures is show the
median, 25% and 75% quartiles, minimum and maximum values.
LDs (%) was calculated as average (x) + standard deviation (SD).

Results
The results indicated a complete absence of anthelminthic pro-

perties in isoamyl alcohol (Fig. 2a) and isoamyl acetate. With expo-
L; S. papillosus

Ly, Ly S. papillosus

sure to isoamyl alcohol, we observed around 60% vital larvae of L3
S. papillosus in 1% solution. Less resistant to the impact of isoamyl
alcohol were L, and L, S. papillosus. The percentage of the survi-
ving larvae of these two stages after 24 hours of exposure to 1%
solution was 55%. With further solutions of isoamyl alcohol, 80%
of S. papillosus larvae survived. Larvae of Ly H. contortus were
found to be the most resistant to different concentrations of this
substance. At 0.0001-1% solution of this alcohol, 100% of them
survived.

The next flavouring, isoamyl acetate, manifested the weakest
influence on the mortality of nematode larvae of Ruminantia
(Fig. 2b). In 1% solution, almost all larvae of S. papillosus and
H. contortus survived. Similarly, at 0.01% and 0.0001% concentra-
tions of this substance, most of the larvae of all studied nematode
species survived.

1% solution of raspberry ketone caused 100% mortality only to
L, and L, S. papillosus. 30-50% of L3 S. papillosus and H. contor-
tus survived in this concentration. In 0.01% solution of this sub-
stance, over 80% of the Ruminantia nematode larvae survived.
0.0001% concentration of raspberry ketone in 100% of cases did
not affect the survivability of these parasites (Fig. 2¢).

Ly H. contortus
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a 1% 0.01% 0.0001% K 1% 0.01% 0.0001% K 1% 0.01% 0.0001% K
100 @ 5 —— —— % 427 —0— ——
80 @
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20
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0
b 1% 0.01% 0.0001% K 1% 0.01% 0.0001% K 1% 0.01% 0.0001% K
100 —F— —— —— —= —= —=
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0 —— "
c 1% 0.01% 0.0001% K 1% 0.01% 0.0001% K 1% 0.01% 0.0001% K

Fig. 2. The effect of flavourings on the survivability of Ruminantia nematodes: a — isoamyl alcohol, b — isoamy] acetate, ¢ — raspberry
ketone; the ordinate axis shows the percentage of nematode larvae which survived over the 24-hour experiment; the abscissa axis shows the
concentration of the active substance in the solution (%), K — control, where the concentration of the active substance equals 0%;

L; —invasive larvae of S. papillosus or H. contortus, L, L, —non-invasive larvae of S. papillosus; the small square in the center corresponds
to the median, the lower and upper borders of the large rectangular correspond to the first and the third quartiles, respectively, vertical line
segments, directed up and down from the rectangular, correspond to minimum and maximum values (n = 8)

The second stage of the experiment was determining the anthel-
minthic properties of some preservatives (trilon B and methylpara-
ben). About 60% of L; and L, S. papillosus larvae died after

24 hours in 1% solution of trilon B. At the same concentration, all
the rest of larvae survived in the percentage of 75—100%. The most
resistant to 1% solution of trilon B were the larvae of H. contortus
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(100% larvae survived). The next solutions of trilon B had no
positive effects — all larvae survived (Fig. 3a). The solution of me-
thylparaben in 1% and 0.01% concentrations caused death of non-
invasive S. papillosus (Fig. 3b) larvae in 100% of cases. Invasive
larvae of this species, similarly to H. contortus larvae are sensitive

L; S. papillosus

Ly, Ly S. papillosus

to methylparaben only at its maximum, 1% concentration of the ac-
tive substance. The analysis of the study results indicated complete
absence of anthelminthic properties in isoamyl alcohol and trilon B.
Minimum LDs, (%) indicators for L S. papillosus were registered
for isoamyl acetate, raspberry ketone u methylparaben (Table 2).

L; H. contortus
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b 1% 0.01% 0.0001% K 1% 0.01% 0.0001% K 1% 0.01% 0.0001% K

Fig. 3. The effect of trilon B (@) and methylparaben (b) on the survivability of Ruminantia nematode larvae: see notes to Fig. 1

Table 2
LDsg (%, x = SD) for S. papillosus and H. contortus larvae
in laboratory experiment during 24 hours

Substance S. papillosus, LS. papillosus, 1y +1,  H. contortus, L;
isoamyl alcohol - - -
isoamyl acetate - - -
raspberry ketone 1.00+£0.72 0.07+£0.06 0.39+0.26
trilon B - 0.80+£0.46 -
methylparaben 0.67+£0.04 0.0038 = 0.0008 0.89+0.15
Discussion

Therefore, according to the results of our studies and analysis of
the data from the literature, the additives used in the food industry
can affect parasites, including nematode larvae of Ruminantia, in a
certain concentration. Data on using food additives with the purpose
of affecting the parasites are quite limited. Their impact on parasitic
Acari and insects has been studied by Lee et al. (2008), Knoblauch
and Fry (2011), Shen et al. (2012), Belkind et al. (2013) et al. Shen
et al. (2012) indicate the significant effect of cinnamaldehyde
against parasitic Acari Psoroptes. LDsy equals 107 mg/ml, (with
24 hours exposure) for Acari of this genus. Also, this food additive
has been studied by Na et al. (2011) as an acaricide preparation
against Dermanyssus of birds. LDsy for Dermanyssus sp. was
0.54 mg/ml (with 24-hour exposure). According to Lee (2004),
p-anisaldehyde food additive is capable of acaricide properties.
Other works are devoted to the impact of the food additive
cinnamaldehyde on larvae of blood-sucking insects. LDs for larvae
of mosquitoes was 40.8 mg/ml. Taylor (2009) used benzyl alcohol
against fleas and also indicated that this additive has insecticidal
properties. Benzaldehyde has been proved to have an impact on
insects. It was used against Galleria mellonella (Linnaeus, 1758).
The authors of these studies, Ullah et al. (2015), recommended the

additive for the compound of insecticidal preparations. Lee et al.
(2008) have also used benzaldehyde (LDs, with 48-hour exposure —
0.004-0.200 mg/sm’ against Sitophilus oryzae (Linnaeus, 1763)
(Coleoptera, Curculionidae). Anthelminth properties of benzyl
alcohol additive were proved by Chalquest (2002). Pedersen and
Woldum (2011) recommend using it as solvent of preparations
against parasites.

Food additives are often used as antimicrobial agents. Their
impact on microorganisms has been studied by Chiang et al. (2005),
Sato et al. (2006), Somolinos et al. (2008), Si et al. (2009), Belletti
et al. (2010) and many other authors. Ribeiro et al. (2016) have
studied antimicrobial, antifungi, and also insecticidal impact of
83 compounds from different tissues of Ricinus communis. Some of
them are used as additives in the food industry. They include alka-
loids, terpenoids, flavonoids, benzoic acid derivatives, coumarins,
tocopherols, and fatty acids. The antimicrobial properties of cinna-
maldehyde against Escherichia coli and Salmonella enterica were
studied by Manu (2016). For obtaining antiseptic and fungicidal
effect, E,j3, a methylparaben preservative, is used (Shapiro et al.,
2002; Posey et al., 2005; Kromidas et al., 2006; Rebbeck et al.,
2006; Ishiwatari et al., 2007; Meyer et al., 2007; Gopalakrishnan
etal., 2012). It is also used in the composition of insecticides (Bell,
1990). According to the results of our studies, this substance also
affects other parasitic nematodes of Ruminantia.

The impact of ethylenediaminetetraacetic acid (EDTA or trilon B)
on Cryptococcus has been studied by Lai et al. (2016). Currently,
fungal diseases are difficult to treat, and such treatment is conduc-
ted using expensive preparations. Therefore, these authors’ work
was aimed at intensifying the effect of modern preparations by
using them with ethylenediaminetetraacetic acid and other synergic
agents for decreasing the therapeutic dose, increasing the efficiency
and preventing development of Cryptococcus resistance. The re-
sults of our experiments indicated that usage of trilon B did not
cause any death of parasitic nematodes. Our study also indicates a
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high level of anthelminthic impact of methylparaben and raspberry
ketone. These substances affect not only microorganisms and are
used as a fungicide, but are also, according to the results of our
tests, capable of having an effect on S. papillosus and H. contortus,
parasitic nematodes of Ruminantia.

Conclusions

Additives used in the food industry are significant in the strug-
gle against helminthiases of Ruminantia. Among the flavourings
and source materials approved for use in and on foods, raspberry
ketone and methylparaben are most efficient against nematode
larvae. Minimum efficient dosage of solutions of these substances is
10 g/l or 1% solution.
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Introduction

Pavlov, S. B., Babenko, N. M., Kumetchko, M. V., & Litvinova, O. B. (2018). Violations of cell-molecular mechanisms
of bone remodeling under influence of glucocorticoids. Regulatory Mechanisms in Biosystems, 9(1), 124-129.
doi: 10.15421/021818

The fact is disturbance of the processes of bone tissue remodeling leads to a change in the balance between synthesis
and resorption of bone and the development of osteoporosis. The most common cause of secondary osteoporosis is the use
of glucocorticoid therapy. The aim of this study is to investigate the cellular-molecular mechanisms of disturbance of the
processes of bone remodeling regulation, reflected by hormones and intercellular mediators (for example parathyroid
hormone, calcitonin, RANKL, osteoprotegerin, P-selectin, interleukin-17, transforming growth factor-B1, adiponectin and
visfatin) on the background experimental glucocorticoid osteoporosis. The experimental study carried out in two groups of
white female rats. Disturbance of bone tissue remodeling was verified by histological examination of the femoral head,
vertebrae of the thoracic and lumbar spine of rats and the measurement of bone density. The study of the levels of
hormones and intercellular mediators in the blood serum of animals was carried out by the method of enzyme
immunoassay. The bone mineral density of the experimental group was reduced compared to the bone mineral density of
the control group. The study of the histostructure of the femoral head and vertebrae in rats of the experimental group in
comparison with the animals of the control group revealed changes in the structural organization of bone tissue, confirmed
by histomorphometry, indicating inhibition of the processes of osteosynthesis. The article analyzes the nature of the
involvement of hormones and cytokines in pathogenetic mechanisms of development of bone tissue disorders. The levels
of cytokines RANKL, osteoprotegerin, interleukin-17 and calcitonin in the blood serum of animals of the group with the
violation of bone tissue remodeling by glucocorticoids were higher than in intact animals. Serum levels of P-selectin,
parathyroid hormone, transforming growth factor-B1, adiponectin and visfatin were lower than similar levels in animals
from the control group. The use of glucocorticoids increases the expression of RANKL and inhibits the synthesis of
osteoprotegerin, resulting in stimulation of bone resorption. The effect of glucocorticoids in the experimental model is
realized by changing the production of the studied hormones, cytokines and adhesion molecules. These changes stimulate
the apoptosis of osteoblasts and inhibit their proliferation and differentiation, which is another mechanism of bone loss.
Correlations found during the study reflect the relationship in the system of regulation of bone tissue remodeling under the
influence of glucocorticoids. A complex system for regulating bone remodeling, which includes many regulatory
pathways and their interactions, requires further study.

Keywords: cytokines; hormones; glucocorticoids; remodeling of a bone tissue; adipokines

steps. In the initial, rapid steps of the use of glucocorticoids, bone loss
occurs due to both a reduction in bone formation, and as a result of

When bone remodeling processes are disturbed, the balance bet-
ween formation and resorption of bone tissue changes, controlled and
coordinated by different types of bone cells. This often leads to the
development and progression of osteoporosis, which, according to
World Health Organization data, is the second most important health
problem after cardiovascular disease (Klimova et al., 2014). Secondary
osteoporosis refers to bone disorders, which are a secondary compli-
cation of various diseases. The most common cause of secondary osteo-
porosis is the consequences of glucocorticoid therapy. Glucocorticoids
reduce bone density through several mechanisms: suppression of sex
steroid hormones, inhibition of gastrointestinal absorption and renal
calcium reabsorption, stimulation of parathyroid hormone secretion and
inhibition of bone formation resulting from a change in the balance
between osteoclasts and osteoblast activity (Kaneko et al., 2012).
Glucocorticoids are capable of altering the proliferation and metabolism
of bone cells (Brennan-Speranza et al., 2012). It is assumed that the
development of glucocorticoid-induced osteoporosis occurs in two

accelerated bone resorption. In the second, slower phase, the rate of
osteoclast-mediated bone resorption slows down; the predominance is
the suppression of bone formation (Canalis et al., 2007). Thus, with
prolonged glucocorticoid therapy, the number of osteoclasts is usually
maintained in the normal range, while the number of osteoblasts is
significantly reduced, in contrast to postmenopausal osteoporosis, in
which there is increased bone resorption (Weinstein, 2011). Apoptosis
of osteoblasts, induced by the constant use of glucocorticoids, is identi-
fied as the main cause of osteoporosis, bone loss and fractures.

The process of bone remodeling is controlled by various local and
systemic factors. Parathyroid hormone and calcitonin are some of the
major hormonal regulators of bone resorption.

Parathyroid hormone is synthesized by parathyroid glands. Its main
function is to maintain blood calcium homeostasis. The effect of para-
thyroid hormone is an increase in the concentration of calcium in the
blood, a decrease in the calcium content in the bones (demineralization
of the bone matrix) and a decrease in the phosphate content in the blood
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plasma. Excess content of parathyroid hormone leads to a disorder of
bone tissue, endocrine disease such as hyperparathyroidism, bone disea-
se such as osteoporosis.

Calcitonin, which is a 32-amino acid hormone, is secreted by the
cells of the thyroid gland. This hormone mainly acts, supplementing the
function of parathyroid hormone, counteracting increased bone resorp-
tion caused by parathyroid hormone.

In addition to systemic hormonal regulation, a number of cytokines
and growth factors are involved in bone remodeling. At the molecular
level, bone resorption is regulated through the interaction of the receptor
activator of nuclear factor-kB ligand (RANKL) and osteoprotegerin
(OPG) against the background of the permissive action of the macro-
phage colony-stimulating factor. RANKL functions as a key factor for
osteoclastogenesis, since its binding to the RANK receptor (receptor
activator of nuclear factor-kB) promotes the activation of osteoclasts
and the resorption of bone tissue. Osteoprotegerin reduces RANKL-
RANK interactions and thereby inhibits osteoclastogenesis (Remuzgo-
Martinez et al., 2016). In this regard, the balance between RANKL and
osteoprotegerin actually determines the amount of resorpted bone and
the degree of change in bone mineral density.

It has been established that the RANKL/RANK/OPG-cytokine
system that initiates osteoblasto- and osteoclastogenesis in bone tissue
induces differentiation of osteoblasts and osteoclasts, as well as the pro-
cess of mineralization of the vessel walls (Sage et al., 2010). RANKL
and osteoprotegerin can be the molecular link between calcification of
the arteries and bone resorption, which underlies the clinical combina-
tion of vascular disease and osteoporosis. In the regulation of bone
remodeling, adipokines are also involved, affecting bone remodeling by
suppressing intracellular osteogenic signals, while simultaneously pro-
moting the secretion of adipogenic signaling molecules such as adipo-
nectin and visfatin (Muruganandan & Sinal, 2014).

The aim of the study was to investigate the cellular-molecular
mechanisms of disturbance of bone tissue remodeling regulation
processes, as reflected by intercellular mediators (for example
parathyroid hormone, calcitonin, RANKL, osteoprotegerin, P-selectin,
interleukin-17, transforming growth factor-B1, adiponectin and visfatin)
in experimental glucocorticoid osteoporosis.

Materials and methods

The experimental study was carried out in two groups of white
female rats at the age of 9 months with a mass of 250 + 30 g. First group
is a group of animals with a violation of bone tissue remodeling caused
by glucocorticoids — 18 rats, second group (control) — 10 rats. Creation
of a model of experimental disturbance of bone tissue remodeling by
glucocorticoids was carried out by administration of dexamethasone
phosphate 6 mg/kg by weight intramuscularly twice a week for a month
(Liu etal., 2011). Control group — intact animals.

The experiments were carried out in accordance with the principles
of the “European Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes” (Strasbourg,
1986) and the “General ethical principles of animal experimentation”
approved by the First National Congress on Bioethics (Kiev, 2001).

Disturbance of bone remodeling was monitored by direct measure-
ment of bone density, which was calculated as the ratio of bone mass
(grams) to its volume (centimeters cubic) (Podkovkin et al., 2008).

For histological examination, the femoral head, as well as the verte-
brae of the thoracic and lumbar spine of the rats, were isolated. The ma-
terial was fixed in 10% neutral formalin, decalcified in 5% nitric acid,
encased in paraffin according to a conventional technique (Sarkisov &
Perov, 1996). Sections 7-10 pm thick were stained with hematoxylin
and eosin,van Gieson’s picrofuchsin , analyzed in the field of view of
the "Primo Star" microscope (Carl Zeiss). Photomicrographs of the
preparations were performed using a Microocular digital camera.

Morphometric analysis of histopreparations was carried out using a
light microscope LOMO (lens “10, eyepiece “8). The central sections
were analyzed, in each individual case (at least three). In the area of the
femoral head of animals with experimental osteoporosis, the severity of
osteopenic manifestations was assessed for the following parameters:

width of the cortex and thickness of the bone trabeculae (estimated with
the help of an ocular screw micrometer MOV-1-16"), and also by the
ratio of the volume of bone trabeculae to the total volume of spongy
bones (conducted using the ocular-mesh insert G. G. Avtandilov
(289 points of intersection)), guided by the method proposed by the
author (Avtandilov, 1990). As a control, similar indices of intact ani-
mals were used.

The studies were carried out in the blood serum of animals by the
method of enzyme immunoassay. The levels of parathyroid hormone,
calcitonin and transforming growth factor-p1 were determined using
DRG kits (Germany). To quantify the levels of RANKL, a set of
reagents “ampli-sSRANKL” Biomedica (Austria) was used. The levels
of osteoprotegerin were determined using the Human Osteoprotegerin
Instant eBioscience kit (Austria). P-selectin levels were determined
using the Human sP-selectin Platinum ELISA kit eBioscience (Austria).
A set of Vector-Best (Russia, Novosibirsk) was used to quantify inter-
leukin-17 levels. Visfatin levels were determined using the RayBio kit
(USA), adiponectin levels, using the BioVendor kit (Czech Republic).

The statistical processing of the results was carried out using the
Statistica 6.0 analysis package using the Kruskal-Wallis non-parametric
ANOVA criterion for independent samples and correlation analysis.
The results are presented in the form x + SE, where x is the arithmetic
mean, SE is the standard error of the arithmetic mean. Statistically
significant differences were considered at P < 0.05.

Results

The measured bone mineral density of the animal group with the
violation of bone tissue remodeling with glucocorticoids was signifi-
cantly decreased in comparison with the bone mineral density of the
animals in the control group (1.37 + 0.041 and 1.62 + 0.059 g/em®
respectively, P < 0.05). A review of the histological specimens of the
vertebral bodies and the proximal femur in the rats of the control group
showed a typical structure of bone tissue. The spongy bone was repre-
sented by wide anastomosing bone trabeculae, separated by intertrabe-
cular spaces that contained red bone marrow. In the thickness of the
beams, lacunae with osteocyte bodies were uniformly distributed; dark
blue, slightly wavy cement lines were clearly contoured. The cortical
layer, represented by a compact bone, was of sufficient width all along.

A study of the histostructure of the head of the femur and vertebrae
of rats with experimental osteoporosis in comparison with the animals
of the control group revealed changes in the structural organization of
bone tissue. In the proximal part of the femur and the bodies of the
vertebrae of the thoracic and lumbar regions of experimental animals,
similar changes were found, which testify to the inhibition of bone
formation processes.

In the spongy substance of bone tissue, these changes were associa-
ted with the thinning of the trabeculae and the dilution of the trabecular
network. There was a decrease in the number of trabeculae and their
contacts between themselves and the cortex (Fig. 1). Most of the trabe-
culae were thinned, had uneven edges and blind ends, which indicates
the prevalence of bone resorption processes. Uneven staining of the
matrix of bone tissue, uneven distribution of osteocytes, basophilia,
thickening of cement lines in the areas was observed. Microcracks of
trabeculae along the stratification of cement lines and single micro-
fractures were noted (Fig. 2).

Cortex on the parts of the head of the femur and vertebral bodies
was thinned and uneven in width. We detected expanded lacunae of
osteocytes, vascular channels and single cavities filled with red bone
marrow and reticulo-fibrous tissue, which reflects the process of rarity
of compact bone. Osteocytes were of various sizes, their distribution in
the regions was uneven. As a manifestation of a violation of
calcification, sharply basophilic walls of a part of lacunae were revealed.

The results obtained are confirmed by histomorphometry — the met-
hod of objective evaluation of the state of bone tissue remodeling at the
cellular and tissue levels. Morphometric examination of histopreparati-
ons of the femoral head recorded quantitative and qualitative changes in
the parameters of bone tissue. It was found that the ratio of the volume
of bone trabeculae to the volume of the spongy bone in the examined
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area in animals with experimental osteoporosis was reduced by 32.9%,
the width of the cortical layer and the thickness of the trabeculac were
less (by 56.8% and 56.1% respectively, P < 0.05) in comparison with
the parameters of the animals of the control group, which indicates a
decrease in bone formation.

Thus, histological analysis and reduction of bone mineral density
showed that the use of dexamethasone enabled us to obtain a model of
bone tissue remodeling disturbance.

The levels of cytokines RANKL, osteoprotegerin, interleukin-17
and calcitonin in the blood serum of animals of the group with the
disorder of bone tissue remodeling by glucocorticoids were higher than
in intact animals, but the difference was statistically insignificant (Table
1). The most significant was an increase in the concentration of
osteoprotegerin (by 55.5%) and RANKL (by 35.9%) in the serum of
animals with experimental osteoporosis, which corresponds to the
contribution of these cytokines to bone remodeling.

Fig. 1. Areas of the vertebrae of the lumbar spine of the rats:
a —the control group, b — with experimental osteoporosis; / — isolated trabeculae; van Gieson’s picrofuchsin

Fig. 2. Areas of the vertebrae of the thoracic spine of rats:
a—the control group, b — with experimental osteoporosis; / — thinned trabeculae, not forming a network; hematoxylin-eosin

Table 1

Levels of cytokines in the control and experimental groups (x £ SE)
Groups

. group with the violation of bone
Cytokine c:itrl(z)l, tissue remodeling by

glucocorticoids, n= 18

Receptor activator of nuclear

factor-xB ligand, pmol/l 0.131+0.021 0.178 +£0.046

Osteoprotegerin, pg/ml 227422 353+95

P-selectin, ng/ml 223+0.09 1.66+0.07*

Interleukin-17, pg/ml 286+13 29.0+13

Transforming growth

factor-f, ng/ml 265+1.6 262+15

Adiponectin, pg/ml 0.663+0.021 0.631+0.014

Visfatin, ng/ml 141.6+26.7 1333+229

Parathyroid hormone, pg/ml 7.85+1.03 524+095

Calcitonin, pg/ml 8.81+0.85 9.52+137

Note: * —P <0.05 compared with the control group.

At the same time, in the group of animals with disturbed bone re-
modeling of glucocorticoids, the serum P-selectin level was signifycant-
ly lower (by 25.8%) in the same level in animals from the control group
(P < 0.05). The concentration of parathyroid hormone decreased by
33.2% (P > 0.05), while the decrease in the levels of transforming
growth factor-f;, adiponectin and visfatin in the serum of animals in the
experimental group was insignificant and statistically insignificant.

Research on intra group interrelations between indicators of
cytokines revealed several correlations of different force In the control
group, the presence of an inverse strong bond was established (r= —
0.899, P < 0.05) between the content of visfatin and interleukin-17,
medium strength feedback (r =-0.695, P < 0.05) between RANKL and
transforming growth factor-f;. In a group with experimental osteo-
porosis, these correlations became insignificant (r = 0.133 and r =
—0.006 respectively, P > 0.05). In a group with a disturbance of bone
tissue remodeling by glucocorticoids, a direct relationship of average
force (r = 0.626, P < 0.05) between the levels of visfatin and P-selectin
was revealed. In the control group, a similar relationship was not found
(r=-0.056, P > 0.05). The presence of a connection between the stu-
died parameters is explained by their mutual influence on the metabo-
lism of bone tissue.

Discussion

The observed increase in serum RANKL level in animals in the
experimental group may contribute to the loss of bone mass through the
RANK/RANKL/OPG pathway, which corresponds to a decrease in
bone mineral density in these animals. Binding of osteoprotegerin to
RANKL prevents the destruction of bone tissue. The balance between
the formation and destruction of bone determines the level of activation
of osteoclasts (Luan et al., 2012). The administration of high doses of
dexamethasone to rats inhibits the differentiation of osteoblasts and cell
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proliferation. The use of glucocorticoids increases the expression of
RANKL and inhibits the synthesis of osteoprotegerin, resulting in
stimulation of bone resorption. In our study there is an increase in the
concentration of osteoprotegerin in the blood serum of animals with
experimental disturbance of bone tissue remodeling induced by
glucocorticoids, which can be considered as a compensatory reaction to
glucocorticoid-induced bone resorption. Osteoprotegerin is an important
prognostic factor; in addition to regulating bone turnover, this cytokine
inhibits vascular calcification and modulates inflammation in the vascu-
lar wall (Scialla et al., 2011). Osteoprotegerin is stimulated by numerous
inflammatory mediators, such as interleukin-1, tumor necrosis factor-a,
transforming growth factor-f and interferon-y. Osteoprotegerin stimula-
tes the expression of adhesion molecules and leukocyte infiltration in
the walls of the vessels, which promotes the expression of RANKL.

In our study, there was a slight increase in the concentration of pro-
inflammatory interleukin-17, produced by activated T-cells. Interleukin-
17 supports osteoclastogenesis, depending on the signal path of
RANKL-RANK. Cytokine increases the sensitivity of osteoclast pre-
cursors to RANKL by increasing RANK expression on osteoclastic
progenitors (Adamopoulos et al., 2010). Moreover, interleukin-17 acti-
vates the expression of RANKL in osteoblasts, synovial and mesenchy-
mal cells, thereby increasing the RANKL/OPG ratio and enhancing
osteoclastogenesis. Thus, interleukin-17 through osteoblasts indirectly
affects bone resorption, which ultimately contributes to the loss of bone
tissue, reflected by a decrease in bone mineral density in our study.
At the same time, interleukin-17 is an important mediator of the respon-
se to the treatment of glucocorticoids. According to the literature, dexa-
methasone reduces the expression of interleukin-17A in models of
asthma in mice (Lu et al., 2013), or does not affect the production of
interleukin-17 (Zeng et al., 2015), or Th17 cells (T-helpers 17) show
limited sensitivity to dexamethasone (McKinley et al., 2008). Thus, the
level of this intercellular mediator is apparently due to its ability to
amplify the differentiation of osteoclasts and their functional activity by
means of RANKL (direct and indirect pathway), and due to the effect of
glucocorticoids on the T-cells producing this cytokine.

Suppression of the formation of bone tissue occurs as a result of the
physiological effect of parathyroid hormone through the effect on the
population of osteoblasts that secrete insulin-like growth factor 1 and
cytokines that stimulate the metabolism of osteoclasts. Activated osteo-
clasts secrete alkaline phosphatase and collagenase, which leads to bone
resorption. Reduction in the concentration of parathyroid hormone in
our study, apparently, can be explained by a violation of the balance
between the opposite effects that arise with the use of glucocorticoids.
Glucocorticoids inhibit calcium absorption in the intestine and increase
urinary calcium excretion (by inhibiting renal tubular reabsorption of
calcium). This, as a rule, leads to a decrease in the levels of ionized
calcium in the serum, which in turn can lead to an increase in the levels
of parathyroid hormone. At the same time, an increase in bone resorp-
tion has an opposite effect on the secretion of parathyroid hormone by
parathyroid glands, leading to a decrease in the levels of this hormone
(Mazziotti et al., 2016).

In turn, calcitonin, being an antagonist of parathyroid hormone,
reduces the concentration of calcium in the serum and slows the activity
of osteoclasts, reducing the destruction of bone. The mechanisms of the
effect of calcitonin on remodeling of bone tissue remain unclear until
the end. Calcitonin has been shown to modify cell cultures of osteo-
blasts and osteocytes (Plotkin et al., 1999). The hypothesis based on the
finding of calcitonin receptors on osteocytes is that calcitonin can
potentially modify osteocyte products, such as fibroblast growth factor
23 or, more importantly, sclerostin, known as bone growth regulator
(Davey & Findlay, 2013). Changes in the level of the hormone in the
experimental group, apparently, are due to the effect of dexamethasone
and are compensatory in nature, aimed at maintaining homeostasis, in
particular, the level of ionized calcium.

Glucocorticoids also regulate many aspects of endothelial physiolo-
gy, including the expression of adhesion molecules, the production of
proinflammatory cytokines, and the maintenance of endothelial barrier
integrity. The inhibitory effect of dexamethasone on the expression of
P-selectin (Xiping et al., 2010), described as a biomarker of the develop-

ment of atherosclerosis, is described. P-selectin is an adhesive trans-
membrane glycoprotein that is transferred to the cell surface from plate-
let a-granules and Weibel-Palade bodies of endothelial cells during
activation of these cells, while the protein is partially released into the
blood plasma, where it circulates in a soluble form. The binding of
P-selectin to a specific glycoprotein ligand-1 allows interaction between
leukocytes and endothelial cells, leukocytes and platelets, platelets and
endothelium, thus involving cells in the emerging thrombus (Zubairova
et al,, 2013). Reduction of the concentration of P-selectin in the blood
serum of animals of the group with experimental disturbance of bone
tissue remodeling by glucocorticoids may be explained by the inhibitory
effect of dexamethasone.

During the bone remodeling cycle, direct and indirect communica-
tions between bone cells are performed in a process called a binding
mechanism. Transforming growth factor-$1, along with factors such as
insulin-like growth factor, bone morphogenetic proteins, fibroblast
growth factor, and platelet-derived growth factor appear to act as a
coupling factor because it is stored in bone matrix and is released when
bone resorption (Florencio-Silva et al., 2015). This cytokine is a growth
factor that is involved in the control of proliferation, migration, differ-
rentiation and survival of many cell types. Transforming growth factor-
B can stimulate the proliferation of osteoblasts and regulate the func-
tions of osteoclasts, thus being a regulator of bone remodeling. It affects
the formation and resorption of bone and the production of some
proinflammatory cytokines. This cytokine is an important modulator of
vascular remodeling in atherosclerosis (Wan et al., 2012). Although
transforming growth factor-; enhances proliferation and early differ-
rentiation of osteoblasts, blocks their apoptosis, promoting the formation
of bone tissue, this cytokine is able to inhibit osteoclastogenesis by
activating the transcription factor Smad4 in osteoclasts (Morita et al.,
2016). Transforming growth factor-B; has a double effect on osteo-
blasts: lower levels of this cytokine contribute to the differentiation of
osteoclasts, while higher concentrations inhibit it (by increasing osteo-
protegerin expression that inhibits RANKL~induced osteoclast differen-
tiation) (Crane et al., 2016). These data confirm the correlation between
the levels of RANKL and transforming growth factor-f3; revealed by us.
Glucocorticoids stimulate apoptosis of osteoblasts, inhibit their prolife-
ration and differentiation depending on the dose, duration and stage of
cellular differentiation (Yamashita et al., 2014). Apparently, the level of
transforming growth factor-B; in the blood serum of animals of the
group with the experimental violation of bone tissue remodeling by
glucocorticoids is due both to its dysregulatory role in the stages of
osteoblast and osteoclast differentiation and to the action of dexame-
thasone.

Regulation of bone remodeling includes not only osteoblastic and
osteoclastic cell lines, but also other bone marrow cells. Adipocytes are
obtained from the same precursor cells as osteoblasts, mesenchymal
stem cells, and the balance between the two types of cells is important
for bone remodeling. The number of adipocytes in the bone marrow
varies in different pathophysiological conditions. Elevated levels of glu-
cocorticoids also contribute to adipogenesis, limiting osteoblastogenesis
(Li et al., 2013). The dexamethosone used in our experimental study
serves as a potent adipogenic factor. Accelerated adipogenesis in the
bone marrow is associated with the progression of osteoporosis (Shar-
maetal., 2014).

Adiponectin is the most common adipokine, the protein mediator,
first described as a fatty tissue product secreted by adipocytes and re-
gulating energy metabolism. Adiponectin plays a key role in various
processes, such as energy metabolism, inflammation and cell prolifera-
tion, showing insulin-sensitive, anti-inflammatory, anti-atherosclerotic
and antidiabetic properties (Padmalayam & Suto, 2013). It inhibits the
production of adhesion molecules in endothelial cells. Adiponectin and
its receptors are expressed in bone tissues and participate in bone
metabolism. However, the literature presents contradictory results on
the role of adiponectin in remodeling bone tissue. Adiponectin affects
the differentiation of mesenchymal stem cells into preosteoblasts, as
well as the proliferation and maturation of osteoblasts, which contribu-
tes to the regeneration of bone (Liu et al., 2013). In addition to positive
modulation of osteoblasts, adiponectin also has a negative effect on os-
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teoclasts. It increases the apoptosis of osteoclasts and reduces the proli-
feration of osteoclast precursor cells (Tu et al., 2011). Adiponectin inhi-
bits the osteoclastic differentiation induced by macrophage colony-sti-
mulating factor and RANKL, both mouse macrophages and human
CDy4+ mononuclear cells and, consequently, inhibits bone resorption
activity of osteoclasts. It is reported that in the animal model, adipo-
nectin inhibits osteoclastogenesis, reduces bone resorption and increases
bone mass (Oshima et al., 2005). At the same time, there is evidence
that an increase in adiponectin activates RANKL and inhibits osteopro-
tegerin, resulting in a decrease in bone formation (Pacheco-Pantoja
etal, 2014).

There is no consensus on the effects of glucocorticoids on the
expression of adiponectin. Some sources describe that glucocorticoids
reduce the serum adiponectin concentration (de Oliveira et al., 2011).
While in the studies of Jang et al. (2008) an increase in the serum adipo-
nectin level after therapy with dexamethasone has been observed. One
of the main reasons for the contradictory results of glucocorticoids
exposure to adiponectin expression is that its expression is regulated by
a variety of mechanisms (various transcription factors, signaling casca-
des and hormones). For example, glucocorticoids increase the concen-
tration of glucose in the blood, which subsequently increases the con-
centration of insulin, which can regulate the expression of adiponectin.
Glucocorticoids affect adipogenesis and differentiation of adipocytes, as
well as adipogenic transcription factors that can influence the expression
of adiponectin. In addition, glucocorticoids are powerful anti-inflamma-
tory agents and cause a decrease in pro-inflammatory cytokines, which
can also indirectly regulate the expression of adiponectin. The observed
decrease in the level of adiponectin in the serum of animals of the group
with the violation of bone tissue remodeling with the help of glucocor-
ticoids is associated with the direct influence of glucocorticoids on the
overall energy metabolism, which complexly regulates the processes of
bone remodeling, as well as the fact that the concentrations of adipo-
nectin in the blood do not satisfactorily reflect its products by adipose
tissue. An excess of glucocorticoids reduces the level of adiponectin and
its activating effect on osteoblasts, reinforcing the processes of resorp-
tion in the balance of bone remodeling.

An important role in bone tissue remodeling is played by visfatin,
which is a 52 kDa adipocytokine hormone secreted primarily by visce-
ral fat. Visfatin is a mediator of inflammation and acts as a proinflam-
matory cytokine (Laiguillon et al., 2014), stimulating the production of
interkeukin-1p, interkeukin-6, tumor necrosis factor-o,, which confirms
the correlation between the content of visfatin and proinflammatory
interleukin-17. Visfatin has insulin-mimicking properties and has a
hypoglycemic effect (Cinar & Gurlek, 2013). The role of visfatin in
endothelial dysfunction has not been adequately studied, but it has been
found that visfatin enhances the expression of adhesion molecules by
activating the NF-xB signaling pathway (Lee et al., 2009). These data
are confirmed by the positive correlation we found between the levels of
visfatin and P-selectin.

Studies have shown that the synthesis and secretion of visfatin are
modulated by glucocorticoids, tumor necrosis factor-a, interkeukin-6
and growth factors (Al-Suhaimi & Shehzad, 2013). There is evidence
that visfatin may contribute to bone destruction with an increase in adi-
pogenic differentiation in osteoporosis (Tsiklauri et al., 2016). On the
other hand, this adipokine can stimulate the proliferation of osteoblasts
and be a negative regulator of osteoclastogenesis, suppressing the differ-
rentiation of monocytes into osteoclasts (Liu et al., 2013). The reason
for such discrepancies in the published data related to visfatin remains to
be determined. The decrease in the level of visfatin in our experiment,
apparently, is due to the depletion of the compensatory reserves of the
bone tissue remodeling regulation system, caused by the long-term
intake of glucocorticoids into the body.

Studies show that adiponectin and visfatin are oppositely related to
the mineral density of bone tissue. Although the mechanisms underly-
ing these correlations are unclear, modulation of bone metabolism by
these adipokines can be proposed (lacobellis et al., 2011). In our rese-
arch the opposite situation is observed. In the study of intragroup
relationships in the control group, direct correlations of average strength
between the level of adiponectin, visfatin, and bone density were found

(r=0.404 and r = 0.628, respectively, P > 0.05), but these relationships
were not significant. In the group with experimental osteoporosis, the
correlation between the content of adiponectin and bone density chan-
ged direction (r =-0.214, P > 0.05), while the relationship between the
content of visfatin and bone density remained straight (r = 0.380, P >
0.05). The data obtained may indicate the complexity and ambiguity of
the role of adiponectin and visfatin in the regulation of bone metabo-
lism. Thus, the use of glucocorticoids leads to disruption in the regulati-
on of bone remodeling, reflected by hormones and intercellular media-
tors. The revealed correlations are an important indicator of changes in
the system of regulation of bone tissue remodeling. The appearance of
new connections and a change in their direction between pairs of
intercellular mediators can be a manifestation of one of the mechanisms
of bone tissue remodeling under the influence of glucocorticoids.

Conclusions

Reduction of bone mineral density and histological analysis of bone
samples of a group of animals with a violation of bone tissue remode-
ling by glucocorticoids show that the use of dexamethasone has made it
possible to obtain a model of bone remodeling disturbance. The studied
changes in the concentrations of hormones and intercellular mediators
indicate their important role in disturbances in the regulation of bone
tissue remodeling under the influence of glucocorticoids. The imbalance
between the RANKL and OPG levels, which results from the violation
of the feedback mechanism, promotes bone resorption and, consequent-
ly, leads to a disturbance of bone remodeling. The degree of participa-
tion of adiponectin and visfatin in regulatory interactions of bone and
energy metabolism was determined taking into account the interrelation
of these adipokines. Correlations found during the study reflect the
relationship in the system of regulation of bone tissue remodeling under
the influence of glucocorticoids. A complex system of regulating bone
remodeling, which includes many factors and their interactions, requires
further study, which in the future can lead to the development of
methods for treating patients with osteoporosis.
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