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LEVEL OF MIDDLE MOLECULAR PEPTIDES
IN THE ARTICULAR CARTILAGE OF RATS UNDER EXPERIMENTAL OSTEOARTHRITIS
AND ADMINISTRATION OF PROBIOTIC COMPOSITION

The question regarding clarification the mechanisms that link changes in the musculoskeletal system with changes in the
microbiome, in recent few years has become particularly relevant. The investigation of the biological effect of probiotics on
cartilage metabolism under osteoarthritis (OA) opens the perspectives for their use in complex therapy and prevention of joint
pathology. The aim of the research was to analyze the quantitative and qualitative composition of the peptide component of the
middle-mass molecules (MMM) of different fractions in the articular cartilage of rats with experimental OA under the introduction
of multiprobiotic (PB) composition. The experiments were conducted on white male non-linear rats weighing 180-200 g.
Experimental osteoarthritis in rats was induced by a single injection of sodium monoiodacetate (MIA; Sigma, USA) in the knee
patellar ligament. The animals of therapeutic group received oral administration of live probiotic composition Multiprobiotic
Simbiter® acidophilic concentrated ("O.D. Prolisok”, Ukraine) at a dose of 140 mg/kg daily for 14 days. Euthanasia of animals was
performed on the 30th day of the experiment. The level of MMM was assessed spectrophotometrically. Fractionation at the peptide
level was performed using the method of chromatography, which is separated by size on Sephadex G 15 column. Our findings
showed an increase in the MMM content of all studied fractions in cartilage tissue of rats with experimental OA and changes in the
qualitative and quantitative composition of their the peptide component, that could indicate the development of endogenous
intoxication, as a result of impaired cartilage metabolism, inflammation and destructive processes in the knee joint during the
pathology. Administration to animals with MIA-induced OA PB composition had a favorable effect on the studied parameters, which
was expressed in a decrease of MMM content and restored redistribution of the peptide pool of cartilage tissue. The obtained
results provide grounds for further research aimed at studying the biological effect of PB on cartilage metabolism, which may
contribute to the development of new strategies for the treatment and prevention of joint diseases.
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Introduction. Osteoarthritis (OA) is the most common
disease among musculoskeletal pathologies, mainly among
middle-aged and elderly people, and occupies a leading
place among the global causes of disability [1]. More than
20 % of the world's population suffers from OA, while clinical
symptoms of this pathology are recorded in about 18 % of
women and 9.6 % of men over the age of 60 years [2]. The
development of joint disease quite often occurs in combina-
tion with other pathologies of the musculoskeletal and cardi-
ovascular system, diabetes mellitus, hypothalamic syn-
drome, pulmonary pathology, metabolic syndrome, obesity,
etc., which can affect the course of OA [3-5]. Recently, the
OA is considered as a whole organ disease in which all
components of the joint are involved in the pathological
process: cartilage, subchondral bone, synovial membrane,
ligaments, capsules and periarticular muscles. The
progression of OA is directly related to metabolic disorders,
the formation of proteoglycan deficiency and uncontrolled
inflammatory processes, resulting in chronic pain syndrome
and endogenous intoxication [6, 7].

Endogenous intoxication (El), which is associated with
the accumulation in tissues and biological fluids of the or-
ganism of excess metabolites of normal and pathological
metabolism, waste products of different pathogenic
microorganisms is observed in various, etiologically and
pathogenetically dissimilar conditions [8]. Under conditions
of chronic endogenous intoxication, articular cartilage
becomes a target for endogenous toxic compounds and
the systemic effects mediated by them, in particular,
mediators of the cytokine cascade, which results in
disruption of the process of physiological regeneration and
remodeling of cartilage tissue.

One of the most sensitive signs of El is an increase in
the level of so-called middle molecules (MMs, middle-mass
molecules (MMM), middle molecular weight molecules
(MMWM)), which mostly represented by peptides with a
molecular weight of 300-5000 Da. MMs is a heterogeneous
group of substances, the accumulation of which in the or-
ganism occurs in violation of the functional ability of
detoxification systems and increased catabolism of proteins,

nucleoproteins, some humoral regulators, which contributes
to the defeat of toxic metabolites of the relevant organs and
strengthening the course of the pathological process. Most
of the MMs pool is formed by peptides, glycopeptides, en-
dorphins, amino sugars, polyamines, insulin, glucagon,
adrenocorticotropic hormone, vasopressin, oxytocin, angio-
tensin, lipofuscin, atherogenic lipoproteins, nucleotides,
products of fibrinogen, albumin, thrombin degradation, col-
lagen fragments, and derivatives of glucuronic acid, lipids,
phospholipids, etc. The peculiarity of MMs is their high bi-
ological activity and tissue specificity. According to the re-
search [9], identified a group of middle molecular weight
peptides — fragments of collagen, which accelerate dam-
age to the extracellular matrix and upregulate of matrix
metalloproteinases (MMPs), which contribute to the de-
struction of cartilage during OA or may be processes in
normal metabolic feedback [10, 11]. Today is widely stud-
ied the issue of using changes in the composition of the
peptide pool of the organism to predict the course of dis-
eases, in particular the cardiovascular system, liver and
kidneys, metabolic syndrome, cancer and others [12, 13].
However, the pathogenetic role of MMs under the OA has
not been sufficiently studied.

Meanwhile, the intensity and severity of endogenous
intoxication depends not only on pathological processes that
are accompanied by resistance of the organism, but also on
the state of microbiocenoses. Since dysbiosis of the
digestive system is observed in the development of many
diseases of the organism, including pathologies of the
musculoskeletal system [14, 15], so the question of
maintaining a full-fledged microbiome today is given more
and more attention. The authors of modern scientific re-
search indicate that the state of the intestinal microbiome is
an important pathogenic factor in the violation of bone ho-
meostasis, and predict its role in the progression of OA [16,
17]. To restore and maintain the normobiosis of the gastro-
intestinal tract, are used the probiotics — drugs, based on
living microorganisms and substances of microbial origin,
which are producers of physiologically active metabolites
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(vitamins, short-chain fatty acids, antioxidants and im-
munomodulators), which can reduce the development of
inflammatory processes, detect antioxidant and detoxifying
properties and cause positive effects on all systems of the
organism [18]. Today it is extremely important to find and
evaluate the effectiveness of new methods and means of
prevention and treatment of OA, which will have a complex
effect on articular tissues, have anti-inflammatory proper-
ties, especially in the early stages of the disease, reduce
subchondral bone rigidity, improve joint lubrication, pre-
vent the progression of cartilage degeneration and will con-
tribute to the restoration (improvement) of joint function
with minimal side effects.

Therefore, the aim of the study was to determine the
level of middle molecules of different fractions and
investigate the quantitative and qualitative composition of
theire peptide component in the articular cartilage of rats
with experimental osteoarthritis under the administration of
multiprobiotic (PB) composition.

Materials and methods. The experiments were
conducted on white male non-linear rats weighing 180-200 g,
which were bred in the vivarium of Taras Shevchenko
National University of Kyiv. The researches were performed
according to the general rules and international bioethical
principles of the European Convention for the protection of
vertebrate animals used for experimental and other scientific
purposes (Strasbourg, France, 1986), the General ethical
principles, approved by the First National Congress of
Ukraine on Bioethics (September, 2001), and other interna-
tional agreements and national legislation in this field.

The all experimental animals were divided into three
groups of 10 animals each. The rats of the Control group got
injection of saline on the first day of experiment and oral
administration of 1 ml drinking water daily from the 8th to the
21st day. In the animals of the second group (MIA-OA) mod-
eled experimental osteoarthritis, which induced by single in-
jection of 0.05 ml of sterile saline solution containing 1 mg
sodium monoiodacetate (MIA; Sigma, USA) in the patellar
ligament of left hind knee at the 1st day of the experiment
[19]. The animals of third therapeutic group (MIA-OA+PB)
got injection of MIA on the 1st day and received oral
administration of live probiotic composition Simbiter®
acidophilic concentrated (O.D. Prolisok, Ukraine) at a dose
of 140 mg/kg dissolved in the 1 ml drinking water per 1 kg of
the animal weight daily from the 8th to the 21st days of the
experiment. Probiotic complex included live symbiotic bio-
mass that contains 17 strains of microorganisms, belonging
to the 10 genera: Bifidobacterium, Lactobacillus, Propioni-
bacterium, Lactococcus, Streptococcus and Acetobacter.
Multiprobiotic contains at least 1012 live cells of probiotic
bacteria in one dose (10 ml).

Euthanasia of animals was performed for 30 day after
the start of the experiment by decapitation according to the
protocol of the ethics committee, after which the cartilage of
the knee joints was taken in the cold for further research.

The level of middle-mass molecules was assessed spec-
trophotometrically according to the method of Nikolaychuk
[20]. All manipulations were performed at a temperature of
4°C. To precipitate the bulk of proteins was added to the
samples an equal volume of 1.2 M HCIO4, followed by cen-

trifugation for 20 min at 5000 g. The supernatant was neu-
tralized by 5 N KOH to pH 7.0 and the samples were centri-
fuged again under the same conditions. After 60 % ethanol
was added to the obtained supernatant in a ratio of 1:5, then
the samples were incubated for 15 min and centrifuged at
2500 g. The optical density of the supernatants was meas-
ured with a spectrophotometer Smart SpecTMPlus (BioRad,
USA) at a wavelength (A) of 210 nm (the value of optical ab-
sorption is due to the presence of a peptide bond, MMM1),
238 nm (absorption of aminopeptide fraction, MMM2) and
254 nm (absorption of peptide fraction, which does not
contain aromatic amino acids, MMMs3).

Fractionation at the peptide level was performed size ex-
clusion chromatography via a column of Sephadex
G 15 (Bio Rad, USA) [21]. The received samples of MMM
were lyophilized (Testar Lyo Quest, Spain), then dissolved
in 1 ml of 0.05M Tris-HCI buffer, pH 7.4, containing 0.13M
NaCl. The chromatographic process rate was 18 ml/h. The
column was pre-calibrated under similar conditions using
standard markers solution such as lysozyme (14.3 kDa), in-
sulin (5.7 kDa) and vitamin B12 (1.35 kDa).

Statistical analyses was performed using computer
program OriginLab (v9.1). The research results were
presented as average arithmetic + standard deviation
(dispersion) (M + SD). The difference between of experi-
mental groups was considered to be statistically
significant at p<0.05.

Results and discussion. Articular cartilage is
specialized connective tissue which unlike most tissues,
does not have blood or lymphatic vessels and nerves. It is
composed of a dense extracellular matrix (ECM), the main
components of which are macromolecules of collagen
(mainly type Il) and proteoglycans (PG), including aggrecan,
decorin, biglycan, and fibromodulin, with  other
noncollagenous proteins and glycoproteins present in lesser
amounts which essential for normal function. Chondrocytes
are the primary regulators of matrix anabolism and
catabolism in articular cartilage. When this balance is dis-
turbed and various biochemical pathways are activated,
resulting in degradation of the extracellular matrix,
inflammation  occurs, and chondrocytes undergo
dedifferentiation and hypertrophy, ultimately leading to OA
[22]. Intoxication syndrome caused by the release of
proteolytic enzymes stimulates increased tissue breakdown,
increased catabolic processes due to the accumulation of
excess amount of biologically active substances, deformed
protein metabolites and other toxic substances of
endogenous origin. In the tissues of the joint of patients with
OA accumulate protein substances of different molecular
weight, which are involved in the destruction of cartilage,
tendons and ligaments [23, 24].

Our biochemical studies indicate the intensification of El
processes and pathological disturbance of articular cartilage
homeostasis under the development of MIA-induced OA, as
indicated by an increase in the level of MMM of different
fractions in the cartilage tissue of the rat joint, compared to
the Control (Fig. 1). Thus, in the group of animals in which
was modeled of the experimental OA, the content of MMMy,
MMM2 and MMMs increased by 3.9, 2.9 and 1.6 times
respectively, compared to the values of control animals.
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Fig. 1. The levels of middle-mass molecules MMM, (A), MMM, (B), MMM; (C) in articular cartilage of rats
with experimental osteoarthritis (MIA-OA) under the administration of probiotic (PB) composition,
relative (rel.) units/g (M*SD, n=10 in each group)
Notes: *p<0.05 — statistically significant difference relative to Control group; #p<0.05 — statistically significant difference relative to
MIA-OA group.

It is worth noting that the breakdown of protein
molecules, as a result of which MMM are formed, occurs
under the action of proteinases. In studies [25] showed their
prevalence, in particular at a wavelength of 254 nm, which
testified to destructive-necrotic changes due to the elevation
of the nucleoprotein component. Cartilage destruction is
accompanied by increased levels of proteases such as
adamalysin, disintegrin and MMP with thrombospondin
type 1 (ADAMTSs). Among MMPs, the main factor in the
destruction of collagen type 2 is MMP-13, other
collagenases (MMP-1, MMP-8, MMP-2 and MMP-9) provide
further cleavage of denatured collagen fibrils; MMP-3,
ADAMTSs-4 and ADAMTSs-5 (aggrecanase) destroy the
aggrecan [26]. The intensity of disintegration of biopolymers
and the rate of their excretion through the detoxification
organs, determines the level of MMM, respectively, the
degree of El, the duration and activity of the pathological
process in the organism.

Endogenous intoxication and an increase in the content
of MMM for OA is led by activation of free radical oxidation
processes both at the local and systemic levels. As a result
of the action of pro-inflammatory cytokines and activation of
signaling cascades in cells are formed excess of reactive
oxygen species (ROS), which results in increased lipid
peroxidation (LPO), oxidative modification of proteins
(OMP), destruction of nucleic acids, carbohydrates, ets [27].
Previous studies [28] showed that in the serum and cartilage
tissue of rats with experimental joint pathology the content
of superoxide radical and hydrogen peroxide, lipid
peroxidation products and proteins increased, and the
functioning of the antioxidant system was impaired.

Administration of the PB composition to rats with MIA-
induced OA was accompanied by a decrease in the inten-
sity of endotoxemia, as indicated by the following values
of MMM content: the content of MMM+ decreased by
1.8 times compared to animals of the MIA-OA group, but
remained higher relative to Control by 2.1 times; the con-
tent of MMM2 decreased by 6.3 times compared to ani-
mals of the MIA-OA group, and by 2.2 times — in relation

to the control values; whereas the values of the content
of MMM did not differ significantly from the indicators of
the MIA-OA group, although they tended to decrease
(Fig. 1). Meddle-molecular peptide component, which are
determined at a wavelength of 254 nm are toxic fraction
and is an integral indicator of the content of ultraviolet
absorbing substances, which, in addition to proteolysis
products, include non-protein substances of normal and
abnormal metabolism, change less significantly [29]. It is
known that probiotics are able to reduce the permeability
of tissue barriers to toxins, to provide detoxification of
compounds formed in the organism as a result of
pathogens. Multiprobiotics through the significant content
of enzymes metabolize proteins, fats, carbohydrates,
nucleic acids, as well as break down certain food and
bacterial allergens [18]. Due to the wide range of
biological activity, they promote to the production of
mediators which have a positive effect not only on the
functions of the gastrointestinal tract, but also on
metabolic processes in the organism. The introduction of
PB in animals with experimental joints pathology restored
the disturbed oxidative-antioxidant balance both in the
joint (locally) and at the systemic level (in the blood),
reduced the intensity of inflammation in the organism,
prevented the activation of proteolytic enzymes and the
catabolism of collagen proteins, suppressed destructive
processes in the tissues of the joint [28, 30].

The study of the qualitative composition of the protein
component of the MMM cartilage of rats with experimental
OA and the introduction of a PB composition was carried out
using the chromatography method, dividing by size on a
column with Sephadex G 15. The obtained results are
showed in Fig. 2.

The presented chromatograms are typical for each study
group, the difference is only in the number and parameters
of chromatographic peaks. For quantitative characteristics
of the obtained chromatograms, using markers of molecular
weight, their calculations were performed. The data are
presented in Table. 1.
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Fig. 2. The typical chromatograms showing the separation of the protein component of MMM articular cartilage of rats
with MIA-induced osteoarthritis (MIA-OA) under administration of probiotic (PB) composition

Table 1. Characteristics of the qualitative composition of middle-mass molecules in homogenate of knee cartilage of rats
with experimental osteoarthritis (MIA-OA) under administration of probiotic (PB) composition

Investigated group | Peak number Total ?::Ia ::iilse)r peak Molecular weight (Da) Area under peak (rel. units)

1 1602,0 0,047

Control 2 0,190 955,8 0,041
3 1392,4 0,102

1 1525,9 0,084

2 1269,4 0,116

MIA-OA 3 0,264 893.4 0.051
4 1989,0 0,013

1 1605,3 0,052

PB 2 0,161 929,8 0,046

3 14221 0,063

The changes in the number of peaks and molecular
weights of individual peptide fractions in the total pool of
peptide component, which was applied to the
chromatographic column, are shown. It was established an
increase in the number of peaks and an increase in the
variation of molecular masses in the cartilage tissue of rats
with  MIA-OA. According to the obtained results of
chromatographic separation of the peptide component, in
the articular cartilage of animals of the Control group was
determined the presence of 3 fractions of peptides with a
molecular weight of 1602.0, 1392.4 and 955.8 Da, the
dominant quantitative ratio were peptides with a molecular
weight of 1392.4 Da, the share of which in the total pool
was about 54 %.

The peptide component obtained from the cartilage of
rats with MIA-induced OA was divided into 4 fractions, the
molecular weight of which was in range from 893.4 to 1989
Da. At the same time there was an increase in the total area
of peaks in 1.4 times, compared to the animals of the control
group, the dominance of peptides with a molecular weight of
1269.4 Da, the share of which in the total pool was about
44 %, the smallest share — about 5 %, were peptides with
molecular weight 1989 Da.

In progressive diseases of the joint, the degradation of
extracellular matrix proteins and proteoglycans leads to
irreversible changes in the properties of the collagen
network. In addition, the disbalance in the metabolism of ma-
trix proteins often leads to enhanced proteolysis of mole-
cules bound to and exposed on the surface of collagen fi-
bers, such as fibromodulin, decorin and cartilaginous oligo-
meric matrix protein (COMP) [31].

The molecular weights of peptides accumulated in the
cartilage tissue of animals with experimental OA, which
received the PB composition were generally in the range of
masses close to the values of the animals in the Control
group and amounted to 1605.3, 1422.1 and 929.8 Da, with
almost the same quantitative ratio in general pool of peptide
component. Such obtained indicators may be related to the
fact that the PB has anti-inflammatory, antioxidant and
regenerative effects by both normalization of the intestinal
microbiota and activation of anabolic processes in cartilage
tissue under the conditions of osteoarthritis [32].
Consequently, showed a violation of the functioning of the
proteolysis system, intensification of the degradation of
protein molecules and their fragments, intensification of El
processes in the tissues of the rat joint under MIA-induced
OA. The administration of PB composition to animals with
experimental pathology had a favorable effect, which was
manifested in the restored redistribution of the peptide pool
of articular cartilage tissue. Determination of specific pep-
tides in the tissues of the organism, including the musculo-
skeletal system, as well as qualitative and quantitative char-
acteristics of individual peptide fractions, can be used as an
indicator of the development of a pathological state, serve
as a predicting marker of the course of the disease or the
effectiveness of its therapy.

Conclusions. In the course of the conducted
researches was analyzed the quantitative and qualitative
composition of the protein component of the middle-mass
molecules of different fractions in the cartilage tissue of rats
with experimental OA under administration of a probiotic
composition. The content of MMM1, MMM2 and MMMs was
reliably increased in the cartilage tissue of rats with MIA-
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induced OA, which could indicate endogenous intoxication,
which may be result of impaired cartilage metabolism,
inflammation and destructive processes in the knee joint
during the development of pathology. Shown changes in the
number of peaks and molecular weights of peptides in ani-
mal cartilage with experimental OA. The administration to
animals with MIA-OA PB composition had a beneficial effect
on the studied parameters, which was expressed in a de-
crease the content of MMM and restored redistribution of the
peptide pool in cartilage tissue, which may be associated
with a wide range of biological activity of this drug. Estab-
lished changes in the qualitative and quantitative
composition of peptide component of cartilage tissue of rats
with experimental OA upon the aministration of probiotic
composition can become the basis for further experiments
aimed at identifying individual molecules as biomarkers of
development and course of pathological process in the joints
and expand scientific data on the biological action of probi-
otic on the organism under OA.
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KuiBcbkui HauioHanbHUM yHiBepcuteT imeHi Tapaca LLleBuyeHka, KuiB, YkpaiHa

PIBEHb CEPEAHbOMONNEKYNAPHUX NENTUAIB Y XPALLOBIA TKAHWHI CYTTIOBA LLYPIB
3A EKCMEPUMEHTAIIbHOIO OCTEOAPTPUTY NMPU BBEAEHHI MPOBIOTUYHOT KOMNO3WLi

MumaHHs1 w000 3'sicyeaHHs1 MexaHi3mie, siKi noe'sa3yrome 3MiHU 8 Kicmkoeo-M'a30eili cucmemi 3i 3miHamu 8 Mikpo6iomi, 3a ocmaHHi Kinbka pokie
Habyeae ocobnueoi akmyanbHocmi. BueuyeHHs1 6ionoziyHoi dii npobiomukie Ha xpsiujoeuli Memabonism 3a pozsumky ocmeoapmpumy (OA) eidkpu-
eae nepcriekmueu ix suKkopucmaHHsi y KOMIIIeKCHili mepanii ma npoginakmuyi namonoeii cyano6bis. Memoro po6omu 6ys10 npoaHanizyeamu Kinb-
KicHUU i fIKicHUU cknad nenmudHoi cknadoeoi Mosekyn cepedHboi macu (MCM) pi3Hux ¢ppakuyill y xpsiujoeili mkaHuHi KosliHHo20 cyanoba wypie 3
ekcrniepumeHmanbHum OA 3a eeedeHHs1 MynbmunpobiomuyHoi (MB6) komno3uuyii. JocnioxeHHs nposodunu Ha Ginux HeniHilHUX wypax-caMysix ma-
coto 180-200 2. Modenb ekcnepumerHmanbHozo OA y ujypie cmeoprogasnu wiisixom oOHOpPa308020 88e0eHHS1 8 iHghpanamensipHull licaMeHm KoJliH-
Ho20 cyan06a MoHoliodauemamy Hampito (MAA; Sigma, CLUA). TeapuHu mepaneemuyHoi 2pynu ujodeHHo npomsizom 14 OHie nepopanbHo y A03i
140 m2/k2 ompumyeanu xuey npobiomuyHy komno3uyiro "Mynbsmunpo6iomuk Cum6imep® ayudoginbHuli koHueHmposaxui” ("O. [. Mponicok”,
YkpaiHa). EemaHa3ito meapuH npoeodusiu Ha 30-my o6y ekcnepumeHmy. PieeHb MCM oyiHroeanu cnekmpoghomomempuyHo. PpakyioHyeaHHs1 Ha
nenmudHomy pieHi 3dilicHoeanu memodom xpomamozpaghii, ujo nodinsie 3a po3mipamu, Ha KosoHyi i3 Sephadex G 15. loka3aHo 36inbweHHs eMi-
cmy MCM ycix docnidxyeaHux ¢pakuili y xpsiujoeili mkaHuHi wypie i3 ekcnepumeHmanbsHum OA ma ecmaHO8/1eHO 3MiHU SIKICHO20 i KiflbKicCHO20
cknady ixHboi nenmudHol cknadoeoi, w0 Mo2s10 ceidyumu npPo po3euMoK eHO02eHHOI iIHMOoKcuKayil yHacnidok nopyweHHs1 Memabosi3amy xpsiua,
3ananeHHss ma decmpyKMUEHUX NPoYecie y KoniHHOMy cy25106i nid yac poseumky namonozii. BeedeHHs meapuHam iz MAA-indykoeaHum OA Myrnb-
munpo6iomuyHoi komMno3uyii Masno cnpusmnueuli e¢gpekm Ha 0ocidKyeaHi napamempu, sikuli eupaxkaecsi y 3HWKeHHi emicmy MCM ma eidHoeneHHi
nepepo3nodiny nenmudHo20 nyny xpsu,080i mkaHUHU. OmpumaHi pesynbmamu datomsb niocmaesu 011s1 npoeedeHHs1 Nodanbuwux 0ocnidxeHb, cnpsi-
MoeaHuUX Ha eueYeHHs1 6ionoziuyHoi dii [1b Ha Memaboni3m xpsiwa, Wo Moxe crpusimu po3pobrieHHIo Hosux cmpameeili fliKkyeaHHs ma npoginakmuku
3axeoproeaHb cyarnobis.

Knro4oei cnoea: ocmeoapmpum, monekynu cepedHbOi Macu, eHAo2eHHa iHmoKcukayisi, nenmudHa cknadoea, npobiomu4Ha KOMNo3uyisi.
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KuneBckuit HaumoHanbHbIW yHMBepcuteT uMeHu Tapaca LLeBuyeHko, Kues, YkpauHa

YPOBEHb CPEQHEMONEKYNAPHbIX NENTUAOB B XPALWEBOW TKAHU CYCTABA KPbIC
C 9KCNEPUMEHTAIbHbLIM OCTEOAPTPUTOM NPU BBEAEHUN MPOBUOTUYECKOW KOMMNO3ULINK

Bonpoc no ebisiCHEHUI0 MeXaHU3MO08, C8s13bI8aloluX U3MEeHEeHUs1 8 KOCIMHO-MbIWEeYHOU cucmeme ¢ U3MeHeHUsIMU 8 MUKpobuome, 3a nocrnedHue
HecKosnbKo siem npuobpemaem ocobyto akmyanbHocmb. U3yyeHue 6uosnio2udeckozo delicmeusi npobuomukoe Ha xpsiujesoli Memabonusm npu
paseumuu ocmeoapmpuma (OA) omkpbieaem nepcrnekmuebi UX UCMosIb308aHUs1 8 KOMM/IEKCHOU mepanuu u npogusiakmuke namoJsio2uu cycmaeos.
Uenbto pabombl 6b10 nNpoaHanu3upoeamb KOJIUYECMEEHHbIU U KadecmeeHHbIll cocmae nenmudHol cocmaensioweli mMosiekyn cpedHel
maccbl (MCM) pa3Hbix ¢hpakyul e xpsiujeeoli mKaHU KOJIeHHO20 cycmaea KpbIC ¢ 3KcrepumeHmanbHbiM OA npu eeedeHuu Mynbmunpobuomuye-
ckoli ([16) komno3uyuu. UccnedosaHusi nposodunu Ha 6esbix HeslUHeUHbIX Kpbicax-camyax maccol 180-200 2. Modenb akcnepumeHmanbHozo OA y
KpbIc co3daeanu nymem oOHOKpamHozo0 eeedeHus 8 UHGhpanamensipHbIli Tu2aMeHm KoJIeHHO20 cycmasa MoHoliodayemama Hampus (MUAA; Sigma,
CLUA). )KusomHbie mepanesmuyeckol 2pynnbi exxe0He8HO 8 meyeHue 14 OHell nepopasnbHO 8 do3e 140 Ma/k2 nony4vanu xusyro nMpPobuomu4eckyro
komnosuyuro "Mynbmunpo6uomuk Cumbumep® ayudogunbHbili KOHUeHmpuposaHHbil" ("O. M. Mponucok”, YkpauHa). 3emaHa3uto XUSOMHbIX
npoeodunu Ha 30-e cymku 3kcnepuMeHma. YpoeeHb MCM oyeHueanu cnekmpogpomomempuyecku. ®pakyuoHupoeaHue Ha nernmuAHOM ypoeHe
ocywecmensinu MemodoM xpomamozpaghuu, pasdensirouseli no pasmepam, Ha KosioHke u3 Sephadex G 15.

IMokasaHo yeenuyeHue codepxaHusi MCM ecex uccnedyembix ¢hpakyuli 8 xpsujeeoll mKaHU KpbIC C 3KcriepuMmeHmasnbHbiM OA, a makxe ycma-
HO8JIeHbl U3MeHeHUs1 Ka4ecmeeHHO20 U KOJIu4ecmeeHHo20 cocmaea ux nenmudHoli cocmaensitoujell, Ymo Mo2s10 ceudemesibcmeosams O pa3eu-
muu 3HOo2eHHOU UHMOKCUKayuu ecriedcmeue HapyueHust Memabonu3ma xpsiuja, eocnasneHusi U 0eCmpyKmMueHbIX MPoyeccoe 8 KoJIeHHOM cycmase
npu paseumuu namonoauu. BeedeHue xusomHuim ¢ MAA-uHdyyupoeaHHbIiM OA MynLMUNPo6UOMUYECcKOl KOMMO3ULUU UMeIo 6/1a20npUsimHbIi
aghgpekm Ha uccnedyemblie nokazamesu, ebipaxaswulicss 8 CHUXeHuu codepxaHuss MCM u eoccmaHoeneHuu nepepacnpedesieHusi nenmuoHo20
nyna xpsiujeeoli mkaHu. lMosyyeHHble pe3ynbmambl Oarom ocHoeaHusl Onisl posedeHus1 AanbHelwux uccredogaHull, HanpaesieHHbIX Ha usy4yeHue
6uonozauyeckozo delicmeusi [1I6 Ha Mema6onu3m xpsiwja, Ymo Moxxem croco6cmeoeamb pa3pabomke HO8bIX cmpameaul sle4eHUs1 U npoguakx-
muku 3aboneeaHuli cycmaeos.

Knroyeenie croea: ocmeoapmpum, Monekysnbl cpedHell Maccbl, 3HO02eHHasi UHMOKCUKayusi, nenmudHasi cocmaesisiroujasi, npobuomuyeckasi
KOMMo3uyusi.



