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Abstract. According to statistics, in modern veterinary practice, the percentage of
muscle injuries among sport and working animals ranges from 40—-70% of sports injuries.
Quite often there are cases with muscle injuries of skeletal muscles, namely extremities.
This scientific work describes the research methodology, stages of research step-by-step,
and studies the relationship of dynamics of the activity of a single biochemical blood
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indicator. The essence of the method was to model the injury of muscle tissue performed
by the skin and fascia dissection and cutting off in the area of the midplane of the pelvic
head of the biceps femoris muscle, measuring 1.5x1.5 cm to a depth of 1.5 cm of muscle
tissue in 105 laboratory animals, divided into 4 groups with the use of various treatment
methods. We analyze the results of one of the most effective biochemical methods for
diagnosing damage of muscle fibers in the skeletal system and compare the activity
of the creatine phosphokinase iso-enzyme depending on the stage of the study. Other
research methods such as clinical, biochemical, ultrasonographic, and histological were
recorded on 4, 7, 10, 14, 21, and 28 days. We analyzed the latest literature sources
and concluded that on the 4th and 7th days, the level of creatine phosphokinase in the
groups with intravenous and intramuscular administration of allogeneic mesenchymal
stem cells is higher than the reference values but significantly lower compared to the
control groups and the traditional method of treatment. But we observe a significant
decrease in serum creatine phosphokinase levels 2 times in rabbits on the 10th day
in the intravenous administration group compared with the control group of animals
and in 1.6 times compared with traditional treatment. The group of animals with
intramuscular administration has reference values on the 14th day, compared with the
control in 1.3 times lower, traditional treatment in 1.2 times. And on the 21st day, we get
reference values for a group of animals with traditional treatment. The level of creatine
phosphokinase activity decreases in the control group of animals on the 28th day of the
research, which indicates a complete muscle rupture. The results of studies showed that
the highest activity of the creatine phosphokinase enzyme during the study was shown
by groups of animals with control and traditional treatment, which indicated significant
structural, functional, and destructive disorders of the muscle fibers of skeletal tissues
with severe trauma. Thus, it is noted that the activity of the enzyme in conditions of
damage of skeletal muscle tends to increase in accordance with the severity of the injury.

Keywords: allogenic mesenchymal stem cells, muscle tissue regeneration, laboratory
animals, activity, isoform

Introduction

In recent years, such sports as eques-
trian sports have become very popu-
lar among animals. Among dog sports:
agility, weight pulling, dog sled racing,
dog frisbee, dog races among Grey-
hound breeds of dogs, and cynological
training (IGP international service dog
testing system, mondioring), and other
training of service dogs. The relevance
of this topic lies in the fact that in mod-
ern veterinary practice, muscle injuries
are quite common among sports ani-
mals, namely ruptures, damage of the
skeletal muscle tissue of the extremi-

ties. Therefore, the study, analysis, and
effectiveness of treatment of animals
with damaged muscle tissue using cel-
lular regenerative therapy methods are
very relevant, since it can significantly
speed up the recovery time of animals
after injury compared to traditional
methods of injury treatment.

Analysis of recent researches
and publications

Motion activity of animals is a coor-
dinated contraction of skeletal muscles,
which is accompanied by a change in the
position of the body in space.
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It is commonly known that the mo-
tion activity of a living organism is pro-
vided by the organs of the motor system.
The central nervous system is respon-
sible for body movement coordination,
and the movements themselves are
performed by muscles with the help of
skeletal bones, their connections (joints,
as well as the immobile and arthrodial
connection of bones) (Mazurkevych et
al., 2013; Mazurkevych et al., 2015).
Muscles account for about 40-45% of
the animal's body weight (Fabri et al.,
2014).

Cell therapy using mesenchymal
stromal cells (MSCs) is a promising ap-
proach to skeletal muscle regeneration
after injuries and diseases. MSCs, which
are initially present in muscle tissue or
come to it from the bone marrow in re-
sponse to damage, secrete various bio-
logically active regulatory compounds
that stimulate the survival, reproduction,
and differentiation of cells, enhance the
formation of new blood vessels (capil-
laries), have anti-inflammatory and an-
tifibrotic effects (Mazurkevych et al.,
2015). The ability of MSCs to produce
various factors that affect all stages of
the reparative process allows them to be
used to accelerate regeneration, which
has been repeatedly shown in various
experimental models of muscle damage
(Mazurkevych et al., 2009). The effect
of increasing the effectiveness of trans-
planted MSCs can be enhanced by im-
proving the method of cells delivering
to the tissue and improving their surviv-
al; in addition, the secretory profile of
cells can be changed in the appropriate
direction by the method of influence of
various physical or chemical stimuli or
genetic modification. A new direction of
regenerative medicine is the use of ex-
tracellular vesicles produced by MSCs
and the regulatory molecules contained

in them, primarily micro-RNAs. Ac-
tivation of the regenerative potential
of MSCs can be used as a tissue engi-
neering tool in vivo that stimulates tis-
sue repair using internal reserves (Ma-
zurkevych et al., 2010).

Biochemical changes that occur in
skeletal muscles during work are usual-
ly determined by the content of muscle
metabolic products in the blood, urine,
exhaled air, or directly in the muscles.
For example, the maximum oxygen con-
sumption is often used as an indicator of
the intensity of aerobic processes. The
intensity of glycolysis is determined by
measuring the content of lactic acid. The
creatine phosphokinase reaction is deter-
mined by the content of creatine and cre-
atinine in blood; the inclusion of fats in
energy exchange is identified by the con-
tent of free fatty acids and ketone bodies
in blood. Conclusion about the ability of
the body to resist the adverse effects of
acidic products of anaerobic metabolism
is made according to the indicators of
acid-alkaline balance. Long-term work
leads to an increase in the content of
proteins, ammonia, and urea in blood,
which indicates significant changes in
amino acid exchange and protein metab-
olism (Skidanov et al., 2016).

Laboratory markers of structurally
functional disorders of muscle tissue are
a small number of biochemical param-
eters, which in a certain way reflect the
processes of energy exchange and mus-
cle damages during pathological pro-
cesses (Mazurkevych et al., 2008).

Creatine kinase (CK) molecule is a
dimer consisting of two types of sub-
units: M (muscle) and B (brain). From
these subunits are formed 3 isoenzymes:
BB, MB, and MM. The BB isoenzyme
is mainly found in the brain, MM — in
skeletal muscle, and MB — in the heart
muscle. Normal CK activity should not
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exceed 140-372 U/L in rabbits. The
amount of the MM isoform may increase
with injuries and damages of skeletal
muscles (Payushina et al., 2011).

Creatine phosphokinase (CPK) is an
enzyme that catalyzes the creatine phos-
phorylation reaction, which provides an
energy substrate for muscle contraction.
CPK is found in the cytoplasm and mi-
tochondria of myocardial cells, skeletal
muscles, and brain tissues, where it cata-
lyzes the reaction:

Creatine + ATP « CPK — ADP +
creatinephosphate.

CPK is a heterogeneous protein that
consists of two types of subunits — B
(brain) and M (muscle). Therefore, CPK
is found in four forms: mitochondrial
and three fractions of cytosolic isoen-
zymes (MM is found in skeletal muscles
and myocardium, BB — mainly in the
brain and smooth muscles, MB — in the
heart muscle). Enzymes are distinct in
their physicochemical and immunolog-
ical properties. The level of total CPK
in healthy people is represented almost
entirely by CPK-MM (Boncharuk et al.,
2009; Payushina et al., 2011).

Materials and methods
of research

The study was conducted in the
conditions of the Research and Educa-
tional Laboratory Center of Cell Tech-
nologies in Veterinary Medicine of the
Faculty of Veterinary Medicine of the
National University of Life and Envi-
ronmental Sciences of Ukraine. Keeping
animals and conducting research was
carried out at the hospital on the basis
of the Department of Surgery and Patho-
physiology Named after Academician
I. O. Povazhenko. Laboratory methods

of research were carried out in the condi-
tions of the educational and research and
development clinical center Vetmedser-
vis and the veterinary laboratory Bald.

In experiments, we used rabbits of the
English Spot breed, 105 males, 3 months
of age, with a weight of 2.5-3.0 kg. All
selected animals had the same standard
conditions of keeping and breeding, care
and feeding. Rabbits are carefully select-
ed for research and their overall health
is checked. All animals were healthy
according to performance in vivo. The
conditions for keeping experimental
animals and using them in experiments
comply with the requirements and provi-
sions of the current domestic regulatory
documents and Directive No. 2010/63/
EU On Protection of Animals Used for
Scientific Purposes.

Prior to the study, all animals were
vaccinated with the first dose at 6 weeks
of age and again after 4 weeks with a
combined preventive vaccine Pestorin
Mormix preheating to +25 °C, which
is effective against viral hemorrhagic
disease and rabbit myxomatosis. Exper-
imental animals were kept in the appro-
priate conditions of the hospital of the
Department of Surgery and Pathophys-
iology Named after Academician 1. O.
Povazhenko of the National University
of Life and Environmental Sciences of
Ukraine, all animals had identical con-
ditions of keeping, care, and feeding.
The animals were kept individually in a
separate cage with the animal's number
on it. The animal feeding diet was com-
prehensive. It consisted of sweet-smell-
ing hay, enriched granulated feed Puri-
na, and clean tap water from automatic
drinking bowls. Everything was freely
available for animals. Sterile sawdust
from non-coniferous species was used
for bedding. Cleaning of rabbit hutches
and ventilation of the room took place
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2 times per day. The room temperature
ranged from +21-23 °C, the indoor air
humidity is about 70-80%. Experimen-
tal rabbits had normal conditions of
changing darkness and light (12-hour
cycle).

Animal experiments were conducted
in compliance with the requirements of
the Law of Ukraine On the Protection
of Animals from Brutal Treatment and
General Ethical Principles of Animal
Experiments approved by the National
Congress on Bioethics (Kiyv, Ukraine)
on the care of laboratory animals in ac-
cordance with the Directive of EU on
Protection of Vertebrate Animals used
for Experimental and other Scientific
Purposes (Strasbourg, 1987). The re-
search was confirmed, verified, and ap-
proved by the local commission on Bio-
ethics of the National University of Life
and Environmental Sciences of Ukraine
in accordance with Protocol No. 110/3-
pr— 2018 from November 2, 2018.

Allogeneic MSCs culture was per-
formed according to the methodologi-
cal recommendations developed by the
staff members of the Department of Sur-
gery and Pathophysiology Named after
Academician 1. O. Povazhenko of the
National University of Life and Envi-
ronmental Sciences of Ukraine on Ob-
taining of mononuclear cells' fraction of
rabbit bone marrow with high prolifera-
tive activity (Mazurkevych et al., 2017).
MSCs were obtained from the red bone
marrow of donor animals, taken accord-
ing to the designed method of intravital
obtaining of red bone marrow in small
animals. It includes the selection of bone
marrow in the area of the proximal and
distal epiphysis of the corresponding
bones of the shoulder and femur, seda-
tion of the animal and tissues anesthesia
in the area of surgical access, skin shav-
ing, and its treatment with 5% iodine

solution in the area of the proximal and
distal epiphysis of the corresponding
bones (Mazurkevych et al., 2016). Af-
ter preparation and cleaning of the op-
erating field, a bone marrow aspiration
is performed using a medical needle for
spinal anesthesia and a diagnostic punc-
ture with Pencil-point needle bevel with
a mandrel (Mazurkevych et al., 2013).

Procedures of cell isolation and ma-
nipulation of cellular material were per-
formed in Class II Biosafety Cabinet of
the Research and Educational Labora-
tory (ESCO). Cell culture was carried
out in a CO, incubator (HERA CELL,
Germany), which provided absolute
humidity, a temperature of +37 °C, and
a content of 5% of CO, in the air. Cell
counting was performed in a Goriaev
chamber using a PrimoVert microscope
(Germany) with a magnification of 200
times. The total number of cells was cal-
culated using the formula (Jennifer et
al., 2011).

A cryogenic storage dewar with lig-
uid nitrogen (SDS-20, Ukraine) was
used to freeze the cells. Defrosting of
the cells was carried out at a tempera-
ture of +37 °C in a water bath (EL 20,
Poland). Culture media, other solutions,
components, preparations were stored at
a temperature of 4 °C and -18 °C in a
household refrigerator Nord (Ukraine).
Centrifugation of cell-rich fluids was
performed by centrifuge (UNICO,
USA). A TC-80M thermostat (Ukraine)
was used to heat the solutions. Dehu-
midification and sterilization of labora-
tory utensils were carried out in a hot-air
sterilizer HS—62A (Poland) and in an air
sterilizer GPO-50 (Ukraine).

The animal was kept on a starvation
diet for 12 hours before the operation.
The operation of experimental muscle
tissue injury was performed under gen-
eral anesthesia. After fixing the animal
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on the operating table, the operation
field was freed from hair fibers by shav-
ing with an electric machine and treated
with a solution (Kutasept F).

Before introducing the animal to
general anesthesia, an anticholinergic
agent was intramuscularly introduced.
It blocks mainly peripheral cholinoreac-
tive systems, as well as atropine sulfate
at a dose of 0.05 mg/L kg of animal body
weight for prevention of bronchospasm
and laryngospasm, decreasing gland se-
cretion, reflex reactions, and side effects
caused by excitation of vagus nerve.
In due course of time, the drug Zoletil
100 was administered intramuscularly
at a dose of 8 mg/L kg of animal body
weight.

At the site of surgical access, infil-
tration anesthesia was previously per-
formed with a 0.5% novocaine solution
(a dose of 3 mL/animal) in the planned
part of the simulated defect. Modeling
of muscle tissue injury was performed
by skin and fascia dissection process
and cutting off the midplane of the pel-
vic head of the biceps femoris muscle in

the measure of 1.5x1.5 cm to a depth of
1.5 cm of muscle tissue, which is shown
in Fig. 1.

After cutting off 1.5 cm in width and
1.5 cm to the deep of muscle tissue (from
the pelvic head of the biceps femoris),
the wound was measured using a statio-
nery ruler and a surgical scalpel with a
replaceable blade. During the operation,
each of the animals was placed on the
operating table covered with a wool
blanket to prevent excessive heat loss.
All surgical procedures were performed
in accordance with the requirements of
aseptic and antiseptics (Mazurkevych et
al., 2015).

Animals with experimental muscle
tissue injuries were divided into 4 main
groups. Rabbits of the 1st group were
injected into the site of the experimen-
tal defect using an insulin syringe with
pre-prepared doses (in the amount of 3
million/animal) of allogeneic MSCs,
which were obtained according to meth-
odological recommendations developed
by the staff of the Department of Sur-
gery and Pathophysiology Named after

Fig. 1. Arrows show a simulated wound defect on the photo
(size of 1.5%1.5 cm to a depth of 1.5 cm)
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Academician 1. O. Povazhenko of the
National University of Life and Envi-
ronmental Sciences of Ukraine on Ob-
taining of mononuclear cells™ fraction of
rabbit bone marrow with high prolifera-
tive activity (Mazurkevych et al., 2009).
Cultivation took place from biological
material (red bone marrow of donor
animals), taken according to the de-
signed method of intravital production
of red bone marrow in small animals.
It includes a selection of bone marrow
in the area of the proximal and distal
epiphysis of the corresponding bones
of the shoulder and femur, sedation of
the animal and tissues anesthesia in the
area of surgical access, skin shaving and
its treatment with 5% iodine solution,
in the area of the proximal and distal
epiphysis of the corresponding bones
(Mazurkevych et al., 2016; Pristupa et
al., 2018). After preparation and clean-
ing of the operating field, a bone marrow
aspiration is performed using a medical
needle for spinal anesthesia and a diag-
nostic puncture with Pencil-point needle
bevel with a mandrel (Mazurkevych et
al., 2017; Payushina et al., 2019).

Procedures of cell isolation and ma-
nipulation of cellular material were per-
formed in Class II Biosafety Cabinet of
the Research and Educational Labora-
tory (ESCO). Cell culture was carried
out in a CO, incubator (HERA CELL,
Germany), which provided absolute
humidity, a temperature of +37 °C, and
a content of 5% of CO, in the air. Cell
counting was performed in a Goriaev
chamber using a PrimoVert microscope
(Germany), magnification x400 and x50
(Antosyuk et al., 2011; Skidanov et al.,
2016).

A cryogenic storage dewar with lig-
uid nitrogen (SDS-20, Ukraine) was
used to freeze the cells. Defrosting of
the cells was carried out at a tempera-

ture of +37 °C in a water bath (EL 20,
Poland). Culture media, other solutions,
components, preparations were stored at
a temperature of 4 °C and -18 °C in a
household refrigerator Nord (Ukraine).
Centrifugation of cell-rich fluids was
performed by centrifuge (UNICO, the
USA). A TC-80M thermostat (Ukraine)
was used to heat the solutions. Dehu-
midification and sterilization of labora-
tory utensils were carried out in a hot-air
sterilizer HS—62A (Poland) and in an air
sterilizer GPO-50 (Ukraine).

After that, the fascia and skin were
stitched with synthetic polyfilament
absorbable ligatures and sutures Vicryl
(Belgium).

Animals of the 2nd experimen-
tal group were injected with the same
amount of allogeneic MSCs into the
bloodstream by puncturing the jugular
vein at the edge of the upper and middle
third of the neck. After that, the fascia
and skin were stitched with synthetic
polyfilament absorbable ligatures and
sutures Vicryl (Belgium).

Animals of the 3rd experimental
group were prescribed traditional trau-
ma treatment, namely:

1. Surgical method: interrupted
stitching on the site of muscle tissue
rupture; fascia and skin were sewn with
synthetic polyfilament absorbable lig-
atures and sutures Vicryl (Belgium),
muscle tissue was sewn with absorbable
material (wicker Chirasorb braided).

2. Pharmacological method: in the
place where the wound was sewn up, we
smeared 0.5 ml of surgical glue Derm-
abond. There were intramuscularly ad-
ministered 0.2 mL/kg of animal body
weight once a day for 5 days. And Ty-
losin 5% at a dose of 6 ml/L animal once
a day for 5 days.

Animals of the 4th experimental
group (control group) were given an
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intravenous 0.9% sodium chloride solu-
tion. In addition, there was the 5th ex-
perimental group — intact animals.

In the postoperative period, the ani-
mals were provided with complete rest,
proper conditions for keeping, feeding
and watering in accordance with the re-
quirements.

Animal from each experimental
group was removed with the use of eu-
thanasia (after deep anesthesia) at a cer-
tain stage. In such a way, we took mus-
cle tissue samples for morphological and
histological studies. In the postoperative
period, the animals were provided with
complete rest, proper conditions for
keeping, feeding and watering in accor-
dance with the requirements. A clinical
examination of animals was conducted
during the entire study period.

Samples of biological material for
laboratory tests were taken at the initial
condition (before the start) and on the
4th, 7th, 10th, 14th, 21st, and 28th days
of the experiment (Table 1). The animal
was fixed, the skin was stretched in the

area of the jugular vein passage at the
edge of the upper and middle third of the
neck, and the animal's head was taken to
the other side for obtaining blood sam-
ples for laboratory tests. The puncture
was performed by needling the skin (in-
serting the needle into the blood flow at
an angle of 45 ° and the vein wall. The
selected fresh blood was placed in a co-
agulant tube (Fig. 2).

Biochemical studies were conduct-
ed in the veterinary laboratory Bald by
the kinetic method using a biochemical
analyzer RT-9600, using commercial
kits of the company Filisit-Diagnostics
(Ukraine) according to the instructions.

Statistical processing of the obtained
digital data was carried out using a
package of statistical programs Micro-
soft Excel. The arithmetic mean was
calculated using the Student's t-test. The
difference between the values was con-
sidered a statistically reliable result, in
accordance to which coefficient (P) was
no more 0.05 that is common in biolog-
ical research.

Fig. 2. Blood sampling from the jugular vein
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1. The number of animals in experimental design

Animal erouns Initial 4th 7th 10th 14th 21st 28th
group condition | day day day day day day

Administration of

MSCs in the muscles 3 3 3 3 3 3 3

Administration of

MSCs into blood 3 3 3 3 3 3 3

Traditional treatment 3 3 3 3 3 3 3

Control group 3 3 3 3 3 3 3

Intact animals 3 3 3 3 3 3 3

Total animals used: 105

Results of the research
and their discussion

The findings of CPK activity in rab-
bit blood associated with the activity of
regeneration of experimentally injured
muscle tissue in different periods of the
experiment are shown in Table 2.

The results of the analysis of the ob-
tained data indicate that changes in the

activity of the creatine phosphokinase
type (MM) isoenzyme occurred during
the studies. As can be seen from Table
1 and Fig. 3, on the 4th day after trans-
plantation of allogeneic MSCs, the level
of creatine phosphokinase in blood of
animals of all groups was the highest
for the entire experimental period. CPK
activity in blood serum of animals of
the 1st and 2nd experimental groups
significantly exceeds the reference val-

2. Creatine phosphokinase activity in blood of rabbits after application of
allogeneic MSCs for stimulating myogenesis in experimentally damaged
muscle tissue, UL (M £ m, n =3)

After applying MSCs
Animal groups Initial
group condition | 4th 7th | 10th | 14th | 21Ist | 28th
day day day day day day
Administration of 676.8 402.6 370.6 322.5 2714 308
MSCs in the muscles £ 8.6 F¥K [ £ 3 TRk | L3k | 4 [QFK | £ 5) TR | £2] 0%
Administration of 2378 804.3 525.7 400.9 368.5 338.7 335.5
MSCs into blood N 52‘4 +54.4%% | £32. 5%k | £ 8 1%k | £4.5%F | £34%F | 1264
.. ’ 926.3 802.6 596.2 460.7 442.6 325.1
Traditional treatment £396% | £11 | £695 | +61.5 | £317 | +49
Control er 1082.6 877 761.8 618.4 563.9 393.6
Ontrot group £402 | £633 | £365 | €477 | =152 | %65
Intact animal 226.6 287.5 296.9 283.3 257.7 240.9 2459
ntact animais £212 £ 15.4%% | 22700 | £19.5%% | £41.0%% [ £33.5%% | +43%
Total animals used: 105

Note: * P <0.05; ** P<0.01; *** P <0.001.
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Fig. 3. Creatine phosphokinase activity in blood of rabbits after application
of allogeneic MSCs for stimulating myogenesis in experimentally damaged
muscle tissue

ues but is significantly lower compared
with this indicator in animals of the 3rd
groups (traditional treatment) and the
4th (control group). Later, on the 7th,
10th, 14th, 21st, and 28th days of the
experiment, there is a gradual decrease
in the enzyme activity with slight fluctu-
ations in the groups, but with unchanged
dynamics between the groups.

It is known that an increase in the ac-
tivity of this enzyme in blood indicates
the destruction of myocytes. The dy-
namics of its activity allow to determine
the degree of muscle injury and the in-
tensity of recovery of damaged muscle
tissue (Francchi et al., 2021). In the first
4 days of the experiment, the highest
activity of CPK obviously indicates sig-
nificant destruction of damaged muscle
tissue as a result of the active phase of
the inflammatory process, stage of its
alteration, and vascular reaction.

The lowest level of CPK activity
in blood of animals was observed dur-
ing the entire observation period in the
Ist experimental group, which gives

grounds to conclude that allogeneic
MSC:s transplanted directly into the in-
flammatory zone are reliably highly ef-
fective.

The second place in terms of effec-
tiveness is the animals of the 2nd group
that were administered MSCs intrave-
nously.

The traditional method of treating
experimentally damaged muscle relia-
bly ranks third place. It's significant to
pay attention to the dynamics of indi-
cators in the intermediate observation
period between the 4th and 28th days.
In particular, CPK activity in the blood
decreased against the initial condition in
animals of the 1st and 2nd experimen-
tal groups, while in animals of the 3rd
experimental group (traditional treat-
ment), this indicator only approached
but did not reach this level only on the
14th day. It indicates a significantly
lower activity of regenerative processes
in experimentally injured muscle tissue.

Creatine phosphokinase activity of
the control group decreases on the 28th
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day of the study. It indicates severe con-
sequences of an injury of this nature
without medical care for the body.

Conclusions
and future prospects

Application of allogeneic mesen-
chymal stromal cells for stimulation re-
generative processes in experimentally
damaged muscle tissue by the method
of administration it directly into the area
of damage significantly increases the
regeneration activity of damaged tissue
and reduces the healing time more effec-
tively than the method of administration
it into the blood, as well as in compari-
son with the method of traditional treat-
ment.

Method for modeling of experimen-
tal damage in muscle tissue by damage
of muscle tissue in the pelvic head of the
biceps femoris of rabbits is a possibility
to study the comparative effectiveness of
the stimulating effect of transplanted al-
logeneic mesenchymal stem cells.
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AHomayia. 3a cmamucmuKor 8 cyqacHili eemepuHapHili npakmuyi 8i0comoKk m’a308ux
mpasm ceped cnopmusHUX ma poboYyux meapuHu cknadae 8id 40—-70% cropmusHUx mpasm. Jo-
CUMb Yacmo mpanaalomMeca 8UNAOKU i3 M’A308UMU MPABMAMU CKenemHux M’A3ie, a came KiH-
yieok. Y uiti Haykosili npayi onucaHo memooduky 00cnioxeHb, emanu 00CNiIOHEHb MA 8UBYEHO
830€EMO038’A30K OUHAMIKU AKMUBHOCMI 1eeHo20 bioXiMiYHO20 MOKA3HUKA Kposi. Cymb memody no-
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7172010 8 MOOEsH0BAHHI MPABMU M’A30801 MKAHUHU MposedeH020 MemoOOM PO3MUHAHHA WKipu
ma ¢hacyii i 8iOCiKaHHA 8 OinAHYi cepedUHHOI NAOUWUHU MA3080i 20/1i8KU 080207108020 M’A3a cmee-
Ha, po3mipom 1,5x1,5 cm Ha enubuHy 1,5 cm m’A3080i mkaHuHu y 105 1a60pamopHUX MeapuH,
nooineHux Ha 4 2pynu 3a 3aCMOCY8AHHA Pi3HUX Memo0is NiKy8aHHA. [IpoaHai308aHO pesysbma-
mu 00Hoeo i3 HaliedpekmusHiwux bioximiyHux Mmemodie 0iazHOCMUKU YUIKOOMEHHSA CKenemHux
M’A308UX B0/I0KOH MA MOPIBHAHO AKMUBHICMb hepmeHmMy i30ghepMmeHmy KpeamuH@pOoChOoKiHa3u
(MM) 3anexcHo 8i0 emany docnioreHHsA. IHwi memoodu 0ocnidxneHo MaKi AK, KiHiYHi, BioXiMidHi,
yAbmpacoHo2pagiyHi ma eicmonoezivyHi peecmpysanuca Ha 4, 7, 10, 14, 21, 28 doby. Hamu nipo-
aHANI308aHO OCMAHHI nimepamypHi Oxcepena ma 3pobaeHo 8UCHOBKU, Wo Ha 4 ma 7 dobu pi-
8€Hb KpeamuHgpOChOKIHA3U 8 2pynax i3 6HYMPIiWHbL08EHHUM | 8HYMPiWHLOM 'A308UM 88€0EHHAM
as102eHHUX Me3eHexiMasnbHUX cmoebyposux KAimuH suwie pepepeHmMHUX 3Ha4YeHs, dne 3HAYHO
HUXYe, HiX y 2pynax KOHmposo ma 3 mpaduyiliHum memodom niKy8aHHA. A om 3Ha4Hy OUHAMi-
KY 3HUMCEHHSA PiBHA KpeamuH@OoChOKiHA3U 8 cuposamuyi Kposi y Kponie mu crnocmepieaemo Ha 10
006y 8 2pyni i3 BHYyMPiWHb08EHHUM 88€0eHHAM OPIBHIOKYU i3 KOHMPOLHOK 2PYro MEapuH
y 2 pasu ma 8 1,6 pasa nopisHrorouu i3 mpaduyiliHum aikyeaHHAM. [pyna meapuH i3 8Hympiw-
HbOM’A308UM 88€0€HHAM MAE pehepeHMHi 3HauyeHHA Ha 14 006y, nopieHoYU i3 KOHMpPOaeEM
HuMcye 8 1,3 paza, mpaduyiliHum nikysaHHAM — 8 1,2 pa3a.

Ta Ha 21 doby ompumyemo pedepeHmHi 3HaYEHHA 8 2pyrnu MBAPUH i3 MpaduyiliHuUM niKy8aH-
HAM. PigeHb GKMUBHOCMI KPEAMUHEOCHOKIHA3U 3HUHYEMBCA 8 KOHMPOSLHOI 2PYNU MBAPUH HA
28 006y docnidreHHs, wo c8ioyums npo nosHuli m’azosuli pospus. Pe3ysnemamu 00cniomeHb
Mokasanu, wo Halibinbw 8UCOKY AKMUBHICMb hepmeHmMy KpeamuHgpocghoKiHa3u ernpodosi 0o-
CniOHEHHA MOKA3aAU 2pynu MEAPUH KOHMPOsbHA Ma i3 mpaduyiliHum AiKy8aHHAM, Wo ceidyuno
MPO 3HAYHI CMPYKMYPHO-YHKUiOHAbHI i 0eCmpyKMUBHI NopyweHHA M’A308UX 80/I0KOH CKe-
71eMHOI M’A30801 MKAHUHU i3 mAXKo mpasmoro. Omice 8i03HaYEHO, WO aKMUBHICMb hepmeH-
my 3a yM08 YUKOOHEHHSA CKeaemHoi M’A3080i MKAHUHU MaE meHOeHyito 36inbwysamucs siono-
8i0HO 00 CMyneHA MAXKocmi mpasmu.

Kntouosi cnosa: anozeHHi me3eHXimanbHi cmosbyposi KaimuHu, pezeHepauis M’a3080i mKa-
HUHU, 1060pamopHi M8apuHuU, aKmueHicme, i3ogpopma
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