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Osteoarthritis (OA) is a widespread pathology of the musculoskeletal system. OA may associate with
a wide range of disorders, that lead to the development of various strategies on how to prevent and treat
the disease. Recent studies discussed interactions between the microbiome and a wide range of pathologies,
including OA. In this study, we investigated the effect of probiotic cultures on oxidative/antioxidant balance
in blood of rats during OA. Experimental OA was induced by a single injection of sodium monoiodoacetate
into the knee joint. A probiotic composition (Multiprobiotic Simbiter®) was administered by peroral catheter
once per day for 14 days. We investigated the next parameters: expression of Nos2 gene in the blood, super-
oxide dismutase activity, catalase activity, glutathione peroxidase activity, glutathione transferase activity,
glutathione reductase activity, contents of superoxide, hydrogen peroxide, TBA-reactive compounds, oxidized
and reduced glutathione in the serum of the blood. Monoiodoacetate-induced OA caused significant changes
on oxidative/antioxidant balance in the blood of rats: increasing of the contents of superoxide anion radi-
cal, hydrogen peroxide, thiobarbituric acid-reactive compounds, oxidized glutathione, upregulating of Nos2
expression, increasing of catalase activity, conversely, superoxide dismutase activity, glutathione peroxidize
activity, glutathione transferase activity, glutathione reductase activity, the content of reduced glutathione
were significantly decreased, compared to control group. Administration of probiotics to animals with OA led
to positive changes in the studied parameters approaching the values of control group (some of them were
statistically significant).
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steoarthritis (OA, also known as degenera-
O tive disorders of joints) is the most wide-

spread form of arthritis [1]. The prevalence
of OA varies among the population; however, it has a
strong correlation with age. OA is a frequent cause of
long-term incapacity for mid-age workers: OA of the
knee joint is detected in 20% of people over 65, OA
of the brush joints is observed in 22% of men and
33% of women over 70 years [2]. Metabolic, collagen
or endocrine disorders, mechanical injuries, infec-
tious diseases, increase the risk of OA development.
OA can be considered as a group of separate disea-
ses that may have different etiologies, but it overlaps

with similar biological, morphological and clinical
changes of the body [3]. Development of any state of
the organism that the immune system recognizes as
unusual causes the development of oxidative stress
[4]. It involves a disturbance in the oxidative/antioxi-
dant status, leading to a disruption of redox signaling
and molecular damage [5]. Studies of the last dec-
ades have shown a variety of oxidative stress signal-
ing during OA. These mechanisms cause synovial
inflammation, subchondral bone and mitochondrial
dysfunction, chondrocytes senescence, apoptosis and
cartilage degradation [6]. The relevance of oxidative
stress was widely discussed during a progression of
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OA [7], and also some related disorders like rheu-
matoid arthritis [8]. The continuous disturbance of
oxidative/antioxidant status changes the interaction
between intestinal mucosa, symbiotic bacteria and
dietary factors [9], that causes significant changes
in varieties of the microbiome [10] it leads to the
development of digestive, immune, urinary-sexual
and other disorders [11]. The gut microbiota and its
metabolic derivatives have closely related to different
physiological aspects of the host's organism, such as
metabolism, immunity, development, life expectan-
cy, etc [10]. That is why development of strategies to
support microbiome is important.

The recent studies have investigated effects of
composition that beneficially affect the gut micro-
biota like probiotics (PB) and prebiotics [12]. Admin-
istration of PB has been the subject of research in the
past few decades to keep normal microbiota of the
intestinal gut. It is mono- or polycomplex of some
bacteria strains (mostly Lactobacillus and Bifidobac-
terium genus). PBs have a wide range of describing
effects, such as gut health improvement, antiallergy
effect, anticancer activity, relieving lactose intoleran-
ce, anti-inflammatory and immunomodulatory effect
[13, 14]. PB supplements decrease oxidative stress
during many pathologies like obesity [15], type 2
diabetes [16], pregnancy [17], musculoskeletal disor-
ders [18], etc. PB has a potential role in curing im-
mune disorders, including rheumatic diseases [19,
20]. It opens a wide possibility to describe complex
interactions between microbiota and host body.
However, administration of PB has a risk turn into
opportunistic pathogens, plasmid-mediated antibio-
tic resistance transfer [21]. Thus, preclinical studies
of PB compositions for different uses are highly
necessary.

There are a few strategies of preclinical inves-
tigations of medication and nutritional supplements.
Animal models of OA allow to show complex struc-
tural changes in tissues over time and to determine
how constitutive, environmental of biomechani-
cal risk factors may initiate, promote and regulate
changes of the body [22]. Induction of monoiodoace-
tate (MIA) into the patellofemoral joint of an experi-
mental rat model induces histopathological changes
in the knee joint that similar to those during tibio-
femoral OA [23]. MIA-induced model of OA (MIA-
OA) in rats is widely used to describe morphology,
loss of mobility and biochemistry of the disease
[24, 25], significant changes of cytokine profile [26].
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In the present study, we investigated the effect
of the PB composition on the oxidative/antioxidant
balance in blood of rats under MIA-OA.

Materials and Methods

Animals. This study followed the ethical prin-
ciples of European Convention for the protection of
vertebrate animals used for experimental and other
scientific purposes (Strasbourg, 1986) and the First
National Congress of Ukraine on Bioethics (Sep-
tember 2001). The experiments were conducted on
white male non-linear rats (8 weeks old, weighing
180-240 g). The animals were bred and hold in the
vivarium of the Taras Shevchenko National Univer-
sity of Kyiv, at 12 h light/12 h dark cycle, 18-23 °C
and 40-60% humidity. The randomized rats were
divided into four experimental groups, each ani-
mal was weighed once a week to correct therapeutic
doses. The total number of animals involved in ex-
perimental studies was 20 individuals.

Induction of MIA-OA. The model induced by
injection of 0.05 ml of saline containing 1 mg so-
dium monoiodacetate (MIA; Sigma, USA) in the
patellar ligament of left hind knee (or saline only as
a control for MIA). According to the model descrip-
tion, the gross lesions were first visible at 28 days
and consisted of a well-demarcated area of cartilage
erosion [27].

Probiotic composition. Probiotic composition
Multiprobiotic Simbiter® provided by O.D. Prolisok
(Ukraine). This complex included live symbiotic
biomass that contains 14 strains of microorganisms
belonging to 10 species: Bifidobacterium bifidum,
B. longum, Lactobacillus acidophilus, L. delbrue-
ckii, L. helveticus, Propionibacterium freudenrei-
chii, P. acidipropionici, Lactococcus lactis, Aceto-
bacter aceti, Streptococcus salivarius. Manufacturer
recommendation of the PB composition suggested 1
per day administration during at least 10 days course
(14 days in this study) [28]. The animals got pro-
biotic composition by peroral catheter at a dose of
140 mg/kg diluted in fresh water (or fresh water only
as a control for probiotic composition).

Study design. The first group — control: the ani-
mals got injection of saline on the first day and oral
administration of water daily for 14 days from the 8"
to the 21, The second group — PB: the animals got
injection of saline on the first day and oral adminis-
tration of the PB composition daily for 14 days from
the 8" to the 21 day. The third group — MIA-OA:
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the animals got injection of MIA on the first day and
oral administration of water daily for 14 days from
the 8" to the 21%. The fourth group — MIA-OA+PB:
the animals got injection of MIA on the first day and
oral administration of the PB composition daily for
14 days from the 8" to the 21% day.

Sample preparation. The blood sampling was
conducted on the 30" day of the experiment. All
animals got food deprivation with free access to wa-
ter for 24 h before. All animals were sacrificed, ac-
cording to the protocol of the ethics committee. 1 ml
of each sample were mixed well with 6% ethylen-
diaminetetraacetic acid, 1:20 and stored at -20 °C in
plastic tubes for no more than 1 month for further re-
al-time PCR test (in this study, Nos2 gene expression
only) [29]. Rest of the blood was collected to glass
tubes, incubated in a thermostat at 37 °C for 30 min,
then centrifugated at 1000 rpm/min for 15 min. Se-
rum supernatant aliquoted to plastic tubes and stored
at -80 °C for no more than 3 months for further bio-
chemical tests (all, except Nos2 gene expression).

Reactive oxygen species and thiobarbituric acid-
reactive compounds. The superoxide anion radical
was tested by the formation of HT T-formazan [30].
Hydrogen peroxide was measured in sorbitol-xylenol
orange [31, 32]. Thiobarbituric acid (TBA)-reactive
compounds was determined by reaction with TBA
[33].

Nos2 gene expression. RNA was obtained by
the Chomczynski method [34]. A quantitative poly-
merase chain reaction was performed in real-time
(RT-gPCR) using the commercial kit Thermo Scien-
tific Verso SYBR Green 1-Step qRT-PCR ROX
Mix (Thermo Scientific, Lithuania). The following
primer sequences were used in the reactions (se-
lected using Primer-BLAST): for Nos2 - forward
GTGTTCCACCAGGAGATGTTG and reverse -
TGTCAGAAACTCAGGCGTAGT; for Actb - for-
ward - TGGGACGATATGGAGAAGAT and re-
verse - ATTGCCGATAGTGATGACCT.

Antioxidant activity. Superoxide dismutase
activity was tested by the ability of the enzyme to
compete with nitrosin tetrazolium for superoxide an-
ion radicals [35]. The catalase activity was measured
by the amount of undiluted hydrogen peroxide in the
sample [36].

Glutathione-dependent antioxidant system.
Glutathione peroxidase (GP) activity was evaluated
by decreasing reduced glutathione (GSH) content in
reaction with the Elman reagent [37]. Glutathione
transferase (GT) activity was determined by the

rate of formation of the GSH conjugate with 1-chlo-
ro-2,4-dinitrobenzene [37]. Glutathione reductase
(GR) activity was measured by decreasing the opti-
cal density of the samples during the oxidation of
NADPH [37].

GSH and oxidized glutathione. The contents
of GSH and oxidized glutathione (GSSG) were de-
termined by the spectrofluorimetric method using
0-phthaldehyde at different pH values [38, 39].

Statistical analysis. The results were presented
as average arithmetic + standard deviation (disper-
sion) - SD. Normal distribution was checked via
the Shapiro-Wilk test for normality and conducted
to one-way ANOVA with Tukey’s post hoc test for
multiple comparisons. Two-sided P < 0.05 was con-
sidered statistically significant. The results were ana-
lyzed using GraphPad Prism 5.04 (GraphPad Soft-
ware Inc., USA).

Results and Discussion

Inflammatory and destructive processes of
the joints play a key role in the development of OA.
Many studies documented the relationship between
inflammation and oxidative stress in various patho-
logical conditions [40-42]. The oxidative stress
stimulated development and progression of inflam-
mation in joints. Activated phagocytes and hypoxic
processes cause the permanent generation of free
radicals. This leads to death of synovial cells, de-
struction of cartilage tissue, erosion of bones and
articular surfaces. Moreover, the pool of antioxi-
dative components could be depleted and caused
downregulation of antioxidative defence. It contribu-
tes to the pathology of joints [43].

In this study, MIA-OA caused increasing of
the content of superoxide anion radical in 2.3 times,
hydrogen peroxide — in 2.4 times and TBA-reactive
compounds — in 2.1 times, respectively, according to
Control group (Table 1).

Also, we measured the expression of the Nos2
gene that encoding the inducible NO-synthase.
MIA-OA up-regulated the expression of Nos2 gene
in 3.1 times compared to control group in blood of
the animals (Fig).

MIA-OA activated free radical processes that
caused the accumulation of superoxide anion radi-
cals, hydrogen peroxide and nitric oxide (increased
expression of the Nos2 gene) and TBA-reactive com-
pounds - intermediate products of lipid peroxidation.
In this state, the balance between intensity of the for-
mation of free radicals and their neutralization by
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Table 1 The content of reactive oxygen species and TBA-reactive compounds in blood serum of rats under
monoiodoacetate-induced osteoarthritis (MIA-OA) and administration of probiotic (PB) composition (M + m,

n=>5)
Parameter Group
Contol | PB | MIA-OA | MIA-OA+PB

Superoxide anion radical, pmol

XTT formazanxmg protein™ 4.83 +0.45 461+£042 1093+0098* 6.29 + 0.54*
Hydrogen peroxide, pmolxmg protein™ 0.35+0.03 0.32+£003 0.84+008*  0.48+0.04%
TBA-reactive compounds,

nmolxmg protein? 7.05 +0.68 6.59+0.64  14.63+132* 9.58 + 0.93**

*P < 0.05 compared with control group; *P < 0.05 compared with MIA-OA group.

the antioxidant defence system is disturbed. Admini-
stration of PB caused reduction of the content of su-
peroxide anion radical in 1.7 times, hydrogen peroxi-
de - 1.8 times, TBA-reactive compounds - 1.5 times
(Table 1) and the expression of the Nos2 gene - 2.2
times, respectively, compared with MIA-OA group
(Fig.) and these parameters approached to levels of
control group.

Superoxide dismutase and catalase regulate the
level of reactive metabolites of oxygen. Superoxide
dismutase catalyzes the transmutation of the super-
oxide radical into hydrogen peroxide. Catalase is an
enzyme that activated the process of splitting hydro-
gen peroxide into water. Their cooperated work is an
important factor that influences the concentration of
free radicals in the body.

The study showed reducing activity of super-
oxide dismutase in the condition of MIA-OA in 1.6
times, while catalase activity had few tendencies

Fold difference in Nos2/Actb
relative expression
N

/i
1
—1 [
1 4
0 - r
Control PB MIA-OA  MIA-OA+PB

Expression of Nos2 gene in blood of rats under
monoiodoacetate-induced osteoarthritis (MIA-OA)
and administration of probiotic (PB) composition
(M £m, n=25). *P < 0.05 compared with control
group; *P < 0.05 compared with MIA-OA group
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to increase with insignificant changes statistically,
compared to control group (Table 2).

Low activity of superoxide dismutase in blood
serum of rats with MIA-OA may be a result of in-
creased content of free radicals that can cause oxi-
dation of amino acids in the active center of the en-
zyme. It leads to conformational changes and loss
of functional activity. Hydrogen peroxide can inacti-
vate superoxide dismutase activity due to the oxida-
tion of several histidine residues of apoprotein and
the reduction of Cu*" to Cu* [44-46]. Administration
of PB to animals with MIA-OA partly restored the
enzyme activity of antioxidant system: superoxide
dismutase activity increased by 1.3 times, and cata-
lase activity showed close values, compared with
control group (Table 2).

Glutathione-dependent antioxidant system
(GDAS) plays an important role in the detoxifica-
tion, degradation and excrection of foreign substanc-
es from the body. Except for glutathione, GDAS in-
cludes enzymes such as GP, GR, GT etc. [47, 48]. In
this study, GP activity decreased in MIA-OA group
in 1.5 times, compared to control group (Table 3).
Administration of probiotic composition to animals
with OA (MIA-OA+PB group) increased GP activity
in 1.4 times compared with MIA-OA group (Table 3)
and reached the level of control group.

GT activity decreased in 1.6 times in blood
serum of rats with MIA-OA, compared to control
group (Table 3). Decreasing of GT activity may be
a response to an excess of toxic oxygen metabolites,
due to the development of the inflammatory process
[26, 49]. GT is highly specific to reduced glutathione,
and a decrease in GSH pool can cause a decrease in
enzyme activity [50].

Administration of the PB composition to ani-
mals with MIA-OA increased values of GT activi-
ty in 1.3 times compared to MIA-OA rats and ap-
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Table 2. Antioxidant enzymes activity in blood serum of rats under monoiodoacetate-induced osteoarthritis
(MIA-OA) and administration of probiotic (PB) composition (M £ m, n = 5)

Group
Parameter
Control | PB | MIA-OA | MIA-OA+PB
Superoxidedismutase activity,
unitxmin*xmg protein® 0.21 £0.02 019+002 013+£0.01* 0.7 £0.01%*
Catalase activity, nmolxmin?*xmg protein*  0.71 £+ 0.06 0.74 £ 0.07 0.86 £ 0.09 0.65 + 0.06*

*P < 0.05 compared with control group; P < 0.05 compared with MIA-OA group.

proached the values to control group. Enhance GT
activity may indicate neutralization of lipid peroxi-
dation products, and other xenobiotics as a result of
nucleophilic substitution and accession [51, 52]. GT
does not affect hydrogen peroxide, but it shows GP-
liked activity to an endogenous substrate such hy-
droperoxides of polyunsaturated fatty acids. Thus,
enhance the activity of GT may be concerned as a
compensatory reaction during inhibition of GP ac-
tivity [53], and it leads to normalization of GT activi-
ty in groups with PB administration.

MIA-OA depressed GR activity in 1.3 times
compared to control group (Tab. 3). Decreasing of
GR activity causes a decline of blood ability to main-
tain the physiological content of GSH in the reaction
of reduction GSSG to GSH [54]. Administration of
PB to MIA-OA animals associated with enhancing
of GR activity in 1.4 times compared to MIA-OA
animals without PB (Table 3). An increase of GR
activity in blood serum of PB groups may indicate
an increased ability of blood to reduct GSSG. Thus,
probiotic bacteria include in the composition can in-
crease the content of GSH indirectly [55].

MIA-OA decreased the content of GSH in
blood serum in 1.5 times compared to control group
(Table 4). The fall of GSH in blood serum can be
the compensatory reaction of the body to oxida-

tive stress and inflammation. Enhance processes of
glutathione-dependent recovery of SH-groups play
defence role during oxidative stress, providing inten-
sive S-glutathionation of proteins and preservation of
proteins. The decrease GSH indicates oxidation of
SH group in cysteine residues, the progression of li-
pid peroxidation and the appearance of its secondary
metabolites as a result of oxidative stress [54, 55].
Administration of PB to animals with MIA-OA
increased the content of GSH in 1.3 times compared
to pathology group (Table 4). We think probiotic bac-
teria of PB composition can induce synthesis of GSH
indirectly, as it was shown in the intestinal mucosa of
rats with acute pancreatitis [53]. Increasing of GSH is
also associated with with a partial restoration of the
redox blood status of rats during experimental of OA.
MIA-OA increased the content of GSSG in
1.4 times in blood serum of rats, compared to the
control group (Table 4). Administration of PB com-
position to animals with MIA-OA decreased the
content of GSSG in 1.3 times, compared to animals
with OA, but it was higher than the values of con-
trol group. The experimental model of OA disturbs
ratio between GSH and GSSG in blood serum of
rats. PB supports the restoration of the balance be-
tween oxidized and reduced forms of glutathione.
The administration of PB composition to animals

Table 3. Enzymes activity of glutathione dependent antioxidant system in blood serum of rats under mono-
iodoacetate-induced osteoarthritis (MIA-OA) and administration of probiotic (PB) composition (M £ m, n =5)

Group
Parameter

Control PB. | MIAOA | MIA-OA+PB
Glutathione peroxidase activity,
nmol GSHxmin?xmg protein™ 30.95+2.73 3529+314  20.36 + 1.89* 27.85 £ 2.51*
Glutathione transferase activity,
nmolxmin™*xmg protein™ 7.08 £ 0.64 779+0.71 4.49 + 0.42* 5.65 + 0.51%*
Glutathione reductase activity,
nmol NADPHxmin*xmg protein™ 0.36 +0.03 0.39 +0.03 0.29 + 0.02* 0.41 £+ 0.04*

*P < 0.05 compared with control group; *P < 0.05 compared with MIA-OA group.
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Table 4. The content of reduced (GSH) and oxidized (GSSG) glutathione in blood serum of rats under
monoiodoacetate-induced osteoarthritis (MIA-OA) and administration of probiotic (PB) composition (M + m,

n=>5)
Parameter Group
Control | PB MIA-OA | MIA-OA+PB
GSH, nmolxmg protein* 19.17 + 1.56 2478 + 2.15* 12.95 + 1.08* 16.19 + 1.28%*
GSSG, nmolxmg protein? 598 £ 0.55 571+0.54 8.49 + 0.76* 6.59 + 0.57%*

*P < 0.05 compared with control group; *P < 0.05 compared with MIA-OA group.

without MIA injection (PB group) made no signifi-
cant changes in studied parameters of blood serum,
compared to the values of control group (except GSH
that described above).

Summarising the data, we suggest that MIA-
OA has some significant effects on oxidative/anti-
oxidant status in blood of rats. These experimental
conditions lead to enhance the synthesis of reactive
oxygen and nitrogen species, and TBA-reactive com-
pounds that formed as products of lipids peroxida-
tion. It associated with changes in superoxide dis-
mutase activity during experimental OA. Also, there
was a violation of GDAS: GP, GT, GR activities and
the content of GSH decreased significantly, while the
content of GSSG was extremely high.

Thus, an increase circulating of free radicals in
the blood contributes to the development of oxida-
tive stress in the body, and it is tightly linked with
decreasing of antioxidant capacity. This is one of the
important non-specific pathogenetic mechanisms of
general inflammation [7]. The relationship between
oxidative stress and the etiology of OA can provide
a new approach to understand and, accordingly, to
control the progression of the disease. Our previ-
ous studies showed disbalance of cytokine status
in blood with the prevalence of pro-inflammation
cytokines and significant up-regulation of Ptgs2 ex-
pression in knee cartilage during OA [56, 57].

This study shows restoration of oxidative-an-
tioxidant balance in blood of rats at the long-term
introduction of the PB composition. The mechanism
of the antioxidant effect of PB under these experi-
mental conditions is unknown and should be inves-
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tigated. The effectiveness of PB may be associated
with a wide range of its biological activity. The pos-
sible mechanism of PB effectiveness activity may
be based on its ability to eliminate microecological
disorders and reduce inflammatory processes at the
local and systemic levels of the body. Moreover, the
bacterial strains are active producers of physiologi-
cally active metabolites: vitamins, short-chain fatty
acids, antioxidants and immunomodulators, which
extends the spectrum of biological effects of PB
compositions [58-60].

The experimental MIA-OA caused oxidative
stress in blood of rats (enlarge the content of reac-
tive oxygen species, TBA-reactive compounds, ex-
pression of Nos2, decrease superoxide dismutase
activity, GP, GR, GT activity and GSH:GSSG ratio).
Administration of the PB composition to animals
with OA contributed to the restoration of oxidative-
antioxidant balance.
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Octeoaptput (OA) € MUPOKO PO3MOBCIOIKE-
HOIO NaTaJIoTi€l0 ONOPHO-PyX0BOI cucteMu. Po3Bu-
Tok OA MOB’$13aHUH 13 MIMPOKUM [ialla30HOM INPH-
YUH, [0 BINIMBAIOTh HA CTBOPEHHS PI3HOMaHITHUX
cTpareriii mpoQiJakTUKU Ta JIKyBaHHS IIHOTO 3a-
XBoproBaHHs. Ha choroznHi akTHBHO 0OTOBOPIOETH-
csl BIUTMB MIKp00OioMy Ha IIMPOKHUI Ieperik mara-
JIOTi#, B TOMY YHCJi ONOPHO-PYXOBOi CHCTEMH. Y
po0OOTiI MOCHITKEHO BIUIMB XHUBHUX IPOOIOTHIHUX
KyJbTYp Ha OKCHAAHTHO/aHTHOKCHJIAHTHHH CTaH
y kpoBi mypiB 3a OA. Exkcniepumenrtansauii OA B
LIYpiB MOAEIOBAIN OIHOPA30BUM BBEICHHSM PO3-
YUHY MOHOWOJANETaTy HATPil0 B KONIHHY 3B’3KY.
[IpoGioTnuHa  KOMMO3WINS  (MYJIBTHIPOOIOTHK
CumbiTep®) BBOAMIIACS NEPOPATBHO 30HIOM 1 pa3
Ha 100y mpotsirom 14 nHiB. BusHaueHo: ekcripe-
cito rena NOS2 B KpOBi, 3HAYEHHS CYTIEPOKCHIJTUC-
MyTa3HOi, Karaja3HOi, [IyTaTiOHMEePOKCHAa3HOT,
IyTaTioOHTpaHcepasHoi, TIYyTaTiOHPEMYKTa3HOL
AKTHBHOCTI, BMICT CyNEpOKCHIAHIOHY, TEPOKCUAY
BonHIO, TBK-akTHBHUX NPOAYKTIB, OKHCICHOTO
Ta BIJHOBIEHOTO TIIYTAaTiOHY B CHPOBATIi KPOBI.
BceranoBneHo, 1m0 MOHOHOAALETATIHAYKOBaHHM
OA crpuyrHIOBaB 3HAYHI 3MiHH OKCHIAHTHO/aH-
THOKCHUAAHTHOI'O CTaHy B KpoBi mypiB. [lokazano
iIBUILIEHHSI PIBHIB CYTNEPOKCHIaHIOHHOTO pPaju-
Kany, nepokcuny BoaHio, ThK-akTuBHUX mpoayk-
TiB, OKHCJIEHOTO TIIYTaTiOHY, TIOCHJICHHS eKcIpecii
NOS2 Ta miaBHUIIEHHS KaTajla3HOol aKTUBHOCTI B TON
qac sIK CYNEpPOKCHAIUCMYTa3Ha, TIyTaTiOHMEPOK-
CHIa3Ha Ta TIyTaTioHTpaHc(hepa3sHa aKTHBHICTD,
[IyTaTiOHpeAyKTa3Ha aKTUBHICTH 1 piBEHb BiJHOB-
JICHOT'O TJIyTaTIOHY OyJIM 3HAYHO 3HHMIKEHI MOPIBHS-
HO 3 KOHTPOJIBHOIO I'Py1I00. BBe/IeHHS MPO0iOTHKIB
TBapuHaM 13 OA HaONMKaJIo AOCTIKYBaHI mapa-

METpPH JI0 3HAYCHb KOHTPOJILHOI I'PyITH (AesKi 3 HUX
OyJIM CTaTUCTUYHO 3HAYUMHUMHU).

KnmodoBi cnoBa: eKCIepUMEHTAIbHUN
OCTEOAPTPHUT, MIKPOOIOM, BIIBHOPAIUKAIBHI IIPO-
IIECH, TTyTaTiOH.
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