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Obesity has become a widespread issue across the globe, reaching epidemic proportions. Being over-
weight is a known risk factor for developing impairments in muscle performance. The aim of the study was to
estimate mechanokinetic parameters of musculus soleus contraction in obese animals to better understand
the possible impact of obesity on muscle contractile activity, tissue structure and appearance of damage
markers in the blood. Experiments were carried out on 40 male white non-linear rats, divided equally into
two groups. Control group were fed a standard diet for 10 weeks. Rats in the obesity group were maintained
on a high-fat diet for the same time period. At the end of the experiment animals were anesthetized, muscu-
lus soleus was dissected, the ventral roots were severed from the spinal cord. Stimulation was performed by
electrical impulses generated by a pulse generator. Tissue samples histological analysis was done with the
use of Van Gieson’s trichrome and Sudan Black staining. Creatinine concentration, creatine phosphokinase
(CPK) and lactate dehydrogenase (LDH) activity in the blood was determined. Reduction in musculus soleus
maximum contraction force and muscle force impulse, prolonged relaxation time and delayed muscle return
to initial state in obese animals as compared to control group were detected indicating on skeletal muscle
fatigue. The appearance of intramyocellular lipid droplets and increased amount of intramuscular collagen
fibers in the muscle tissue, as well as the elevated creatinine level and increased LDH and CPK activity in the
blood, confirmed the impairment of muscle state in obese rat.

Keywords: musculus soleus, obesity, muscle fatigue, contractile activity, creatinine, phosphokinase,

lactate dehydrogenase, histological analysis.

he problem of obesity has spread to almost
I every corner of the planet to the point of epi-
demic proportions, with over 4 million peo-
ple dying every year from comorbidities and harm-
ful effects associated with it. Nowadays, it is widely
acknowledged that obesity can lead to significant
health complications such as metabolic syndrome,
type 2 diabetes, and some types of cancer. In addi-
tion, obesity is a strong risk factor for cardiovascular
disease, as well as for many other chronic and acute
pathological states, leading to further long-term
health concerns [1].

Obesity is a well-recognized risk factor for
developing functional limitations in muscle perfor-
mance [2]. An increase in adipose tissue throughout
the body is typically accompanied by a concomitant
increase in fat deposition within skeletal muscle [3],
which is associated with their structural deteriora-
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tion and the progression of physical disability [4, 5].
Obese individuals are also characterized by a pre-
dominance of fast-twitch (type I1) muscle fibers and
a smaller proportion of type I fibers [6]. Evidence
suggests that a relative reduction in type I muscle
fibers is associated with impaired metabolic health,
increased low-density lipoprotein levels, decreased
insulin sensitivity, and reduced arterial elasticity
[7]. At the same time, type II muscle fibers exhibit a
reduced ability to oxidize lipids, which is linked to
lower whole-body lipid oxidation and increased lipid
accumulation [8]. Furthermore, the type Il muscle
fiber phenotype is more closely associated with ele-
vated oxidative stress.

The intramyocellular lipid content in healthy
individuals is about 1.5% and can reach up to 5%
in obese individuals [9]. Recent modeling studies
[9, 10] have shown that fat accumulation within
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muscle leads to changes in its structural composition
and interferes with contraction, thereby decreasing
muscle strength. Damage to myocytes, along with
increased tissue stiffness caused by obesity, results
in a disruption of overall muscle force generation
and performance.

Unfortunately, the exact mechanism by which
intramuscular fat affects muscle contractile perfor-
mance remains unclear. There is currently limited
information regarding the relationship between bio-
chemical parameters and muscle fatigue during obe-
sity development. For this reason, in this study, we
used obese rats to model muscle fatigue. We focused
on assessing blood biochemical parameters such as
creatinine, creatine phosphokinase (CPK), and lac-
tate dehydrogenase (LDH), which could serve as re-
liable indicators of biochemical changes in skeletal
muscles during fatigue. We also analyzed the most
important mechanokinetic parameters of musculus
soleus (slow-twitch (type I)) contraction (the maxi-
mum contraction force, muscle force impulse, and
kinetic time characteristics) in obese animals to bet-
ter understand the impact of obesity on muscle con-
tractile activity. In addition, a histological approach
was employed to analyze muscle tissue structure.

Materials and Methods

Experiments were carried out on 40 male white
non-linear rats with an initial weight of 135 + 5 g.
Experiments on rats were conducted in compliance
with international recommendations for carrying out
biomedical research on animals, following the guide-
lines of the European Convention for the Protection
of Vertebrate Animals Used for Experimental and
Other Scientific Purposes (Strasbourg, 1986).

Ethical approval. The investigation was con-
ducted in accordance with the Declaration of Helsin-
ki and its amendments. This study was approved by
the ESC “Institute of Biology and Medicine”, Taras
Shevchenko National University of Kyiv (Protocol
No.5 from 09.09.2020).

Animals were divided equally into two
groups (n = 20): “Control” and “Obesity”. Rats in
the Control group were fed a standard chow diet
for ten weeks (6.7% fat, 21% protein, 55.1% carbo-
hydrates; 15.27 kJ-g*). Rats in the Obesity group
were maintained on a high-fat diet (HFD; 38.8% fat,
28.71 kJ-g*) for the same period. The HFD consisted
of standard chow (60%) supplemented with pork fat
(10%), eggs (10%), sucrose (9%), peanut butter (5%),
dry milk (5%), and vegetable oil (1%) [11, 12].

Food intake was measured daily between 9:00
and 10:00 am. The daily energy intake (kJ-day™?) per
rat was calculated as the average amount of food
consumed per rat (g) multiplied by the total energy
content of the corresponding diet. Relative weight
gain was calculated using the formula: relative
weight gain (%) = [(final weight at week 10 — ini-
tial weight) / initial weight] x 100. The body mass
index (BMI) was determined at the end of the ex-
perimental period according to the formula: body
weight of the rat (g) divided by the square of the
nose-to-anus length (cm?) [11]. After completion of
all experimental procedures, rats were euthanized,
and adipose tissues (visceral and subcutaneous) were
immediately removed and weighed separately. The
data were expressed as relative fat mass (% of body
weight x 100).

Mechanokinetic parameters, namely the force
and time characteristics of muscle contraction, as
markers of muscle damage [13], in both the Control
and Obesity groups were analyzed at the end of the
10th week of corresponding diet feeding.

Preparation for the experiment included intra-
peritoneal administration of nembutal (40 mg-kg?)
for anesthesia. Standard surgical preparation also
involved cannulation for drug administration and
pressure measurement, tracheotomy, and laminecto-
my at the lumbar spinal cord level. Throughout sur-
gery and the experiment, heart rate and ECG ampli-
tude-frequency were monitored. Body temperature
was maintained at 37-38°C using an infrared lamp.
Musculus soleus was dissected from surrounding
tissues and transected at the distal tendon. To en-
able stimulation of the efferent fibers in the L4-L5
spinal segments, the ventral roots were severed at
their exit points from the spinal cord. Stimulation
was performed by electrical impulses (2 ms dura-
tion, 50 Hz frequency, 6 s train duration) generated
by a pulse generator controlled via an analog-to-digi-
tal converter (ADC) and delivered through platinum
electrodes.

Each experimental animal underwent 20 series
of non-relaxation stimulation followed by a 30 min
relaxation period after each series. External loading
was applied using a mechanical stimulator system —
a linear motor under position servo control. The load
was transmitted to the muscle through its tendon,
which was connected by a ligature to the stimula-
tor. The stimulation parameters were programmed
and delivered from the ADC-DAC (analog-to-digital/
digital-to-analog converter) complex to the genera-
tor [14].
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The blood concentrations of creatinine, CPK,
and LDH, as markers of muscle damage [15], were
determined in the experimental animals using clini-
cal diagnostic equipment — biochemical analyzers
RNL-200 and JN-1101-TR2 (Netherlands).

Fragments of musculus soleus were fixed in
10% neutral buffered formalin (Caplugs/Evergreen,
CA, USA). Half of each muscle sample was ori-
ented to obtain transverse sections, and the other
half for longitudinal sections. The fragments were
flash-frozen in isopentane pre-cooled with liquid
nitrogen. Cryosections 15 um thick were obtained
at —20°C using a Shandon Cryotome FE cryostat
(Thermo Fisher Scientific, San Jose, CA, USA) and
mounted on glass slides. Complex histochemical
staining methods were applied: Van Gieson’s tri-
chrome stain was used to evaluate fibrosis [16], and
Sudan Black staining was performed to detect lipid
content [17]. A 50:50 glycerin-gelatin mixture was
used as a mounting medium. All microphotographs
were obtained using a light microscope Axio Imager
A2 (Carl Zeiss Microscopy GmbH) equipped with
10x and 40x% objective lenses. Images were captured
with an Axiocam 105 color digital camera (Carl
Zeiss Microscopy GmbH) and processed using ZEN
2 (blue edition) software (Carl Zeiss Microscopy
GmbH). Morphometric parameters were calculated
using ImageJ software (National Institutes of Health,
Bethesda, MD, USA).

Data processing, statistical analysis, and graph
plotting were performed using Origin 8.0 software
(OriginLab Corp., USA). All datasets were first
tested for normality of distribution using the Shap-
iro-Wilk test. Since the data followed a normal dis-
tribution, intergroup differences were analyzed using
the Student’s t-test. A P value of less than 0.05 was
considered statistically significant.

Results

Our findings revealed successful induction of
obesity in rats maintained on a high-fat diet for 70
days. As shown in Table 1, by the end of the 10%
week, the body weight of animals in the Obesity
group was significantly higher than that of the Con-
trol group. The BMI in obese rats was also signifi-
cantly increased compared with the Control group.
Moreover, both visceral and subcutaneous fat depots
were markedly greater in obese animals compared
to controls (Table 1). These changes, along with the
pronounced accumulation of adipose tissue, are con-
sistent with a stable diet-induced obesity phenotype.
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Table 1. Nutritional profile and some biometric
parameters

Experimental groups

Parameters Control, Obesity,
n=20 n=20

Mean daily food
intake, g-day* 28+ 2 33+ 3*
Mean daily energy
consumption, kJ-day? 428 +30 948 + 84*
Total body weight
gain, % 108 + 6 160 + 8*
BMI, g-cm? 0.60 £ 0.03 0.84 £ 0.05*

Relative visceral
fat mass, %

Relative subcutaneous

fat mass, % 113+£0.08 1.87+0.17*
Note. Each data value represents the mean + SD of 20
animals; *indicates significant difference (P < 0.05) from
Control group

178 +0.05 3.13+0.30*

The adequacy of this model was further confirmed
based on our previous studies using the same experi-
mental design, in which the development of systemic
metabolic dysfunction — manifested by increased se-
rum triglycerides, glucose, and insulin levels — was
demonstrated [11, 12].

The presence of fine granular lipid dystrophy,
manifested by the appearance of intramyocellular li-
pid droplets in the muscles of obese rats (Fig. 1, blue
arrows), was clearly demonstrated. An increase in
the amount of intramuscular collagen fibers indicates
a mild degree of fibrosis in obese rats (Fig. 1, black
arrows).

Fig. 2 shows changes in the musculus soleus
contraction force of obese rats at external loads of
0.5Nand 0.25 N (Fig. 2, A and Fig. 2, B, respective-
ly). When these stimulation parameters were applied,
a reduction in both the maximum contraction force
and the muscle force impulse was observed. Analy-
sis of the fixed-force curves after termination of the
stimulation signal (t, t,, see Fig. 2) demonstrated a
significant increase in the time required for the con-
traction force to return to baseline in rats from the
Obesity group, which may indicate fatigue develop-
ment in their muscular system. The increase in the
duration of the t, phase compared with t, (Figs. 2 and
3) could be attributed to the reduced elasticity and la-
bility of intramuscular and fascial structures caused
by obesity progression. A reduction in the number
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Fig. 1. Microphotographs of rat musculus soleus tissue (cross-sections) in the Control group (A) and Obesity
group (B, C). Combined Van Gieson (red staining — collagen fibers) and Sudan Black (black spots — lipid
droplets) histochemical staining. Blue arrows indicate lipid droplets, and black arrows mark massive collagen

fibers. Scale bar: 100 um

of active contractile components in the muscle led to
a decrease in overall muscle strength, which can be
observed from the changes in the external load level
(Figs. 2 and 3).

The decline in maximum contractile response
in experimental animals of the Obesity group began
immediately after the first stimulation (Fig. 3). The
muscle contraction force during the 20" stimula-
tion series was reduced by 65 + 4% relative to the
baseline force at a load of 0.25 N, and by more than
50 + 3% at a load of 0.5 N (Fig. 3, C). These data
indicate a pronounced manifestation of muscle fa-
tigue in obese animals under the applied stimulation
conditions.
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In order to better understand the dynamics of
musculus soleus contraction during obesity pro-
gression, the specific transformation of descending
activity was also examined. Fig. 4 illustrates the
transition of active muscle response from incomplete
to fused tetanus at different levels of external load.
Time intervals between contraction peaks and their
maximal amplitude were measured (Fig. 5). These
two parameters are crucial for the transition of ac-
tive muscle from incomplete to fused tetanus. Al-
terations in these parameters may indicate distinct
characteristics of motor unit force generation, as se-
quential activation allows for finely tuned regulation
of the total force produced by the whole muscle.

50 Hz

t,s

01 2 3 4 5 6 7 8 9

0 1 2 3 45 6 7 8 9 10

Fig. 2. Musculus soleus mechanograms of a representative experimental animal from the Obesity group re-
corded during 20 consecutive non-relaxation electrostimulation signals at 50 Hz. Averaging was performed
for 10-15 obtained force curves. Under the same conditions, no significant changes in the strength response
were observed in control animals. A —external load 0.5 N; B — external load 0.25 N; control — contraction of
musculus soleus in control animals; t, t, — time intervals representing the period required for the muscle to
return to baseline tension after termination of stimulation
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Fig. 3. Time required for musculus soleus contraction to return to the initial state (A -t ; B —t,) and maximum
contraction force expressed as a percentage of the control value (C) after non-relaxation stimulation at 50 Hz
for 6 s with external loads of 0.25 and 0.5 N. Numbers 1-20 correspond to consecutive muscle contractions.
*P < 0.05, significant difference compared with the Control group

Response time fluctuations for the five maxi-
mal contractions decreased from 51 + 4 to 36 £ 2 ms
in control animals, leading to the development of
fused tetanus after 3.36 + 0.30 s from the beginning
of stimulation (Fig. 5, A). In obese rats, this parame-
ter changed from 55 + 4 to 41 + 3 ms, resulting in
a prolonged period of complete tetanus formation —
3.59 £ 0.30 s. Such dysfunction could be caused
either by an imbalance in Ca? influx/efflux or by
an increase in non-contractile elements within the
muscle tissue. Since Ca?" pump dysfunction has not
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been widely reported in obesity, we assume that
the observed contractile impairment results from
increased muscle stiffness. An increase in the time
interval between contractions under higher external
load (0.5 N) to (57-46) + 4 ms is in good agreement
with this assumption.

Another piece of evidence supporting this hy-
pothesis is the reduction in force response observed
under obesity (Fig. 5, B). In control animals, the force
difference was 355 = 19 mN during the first contrac-
tion and 456 =29 mN during the fifth one. In obese
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Fig. 4. Typical curve of the musculus soleus contractile response to stimulation with impulses applied at 20 Hz
for 6 s (A); development of incomplete tetanus during the first five peaks of the musculus soleus force response
to 20 Hz stimulation in obese rats (B). 1 — contraction curves recorded in control animals; 2 — external load
0.25 N; 3 — external load 0.5 N; At - Aty — time intervals between sequential contraction peaks; AF, - AF, —
amplitude of force generated during sequential contractions of musculus soleus

rats, this parameter decreased to (340-425) + 17 mN
at an external load of 0.25 N and was further re-
duced to (331-375) = 15 mN under an external load
of 0.5 N. In this case, such a decrease in contrac-
tion force may reflect a compensatory mechanism
associated with increased muscle stiffness.

Analysis of selected blood biochemical parame-
ters after intense muscle stimulation can provide
valuable insight into biochemical alterations occur-
ring in active muscle tissue. The typical markers of
fatigue development, a process leading to muscular
dysfunction, include creatinine, CPK, and LDH [18].

In our study, we observed that following stimu-
latory muscle contractions, the blood creatinine
concentration was elevated in the Obesity group by
50 + 3% compared with the Control group (Fig. 6).
The levels of both CPK and LDH were also signifi-
cantly increased (by 20 *+ 1% and 17 + 1%, respec-
tively) after the development of skeletal muscle fa-
tigue in obese animals compared with controls.

Discussion

It is well known that obesity is associated with
functional limitations in muscular efficiency and
an increased risk of developing physical disability.
Regardless of age, individuals with obesity exhibit
greater absolute maximal muscular strength than
non-obese ones, indicating that obesity acts as a
chronic overload stimulus for antigravitational mus-
cles, thereby increasing muscle volume [2, 5].

However, at the same time, there is a progres-
sive destruction of muscle fibers and a decline in
overall muscular performance in obese individuals
[7, 8]. These alterations may be caused by re-
duced myocyte mobility, neuronal adaptations, and
changes in muscle morphology. Another important
factor influencing muscle contractility during obe-
sity development is the enhanced lipid accumulation,
which was demonstrated in our study (Fig. 1) as well
as in others [3, 8, 9, 19]. It should be noted that fat
possesses stiffer material properties than muscle tis-

93



ISSN 2409-4943. Ukr. Biochem. J., 2026, Vol. 98, N 1

A
*
60 - » * * j control
|_l 0.5N
40 4 WO25N
20
0!
At
450
400 - [ control
S * 0.5N
350 - |_l
. 0.25N
300
250
200 + - !
AF, AF, AF, AF,

Fig. 5. Time intervals (At - At,, ms) between maximal force responses of musculus soleus (A) and amplitudes
of musculus soleus contractions (AF, — AF, mN) (B) during five sequential contractions forming incomplete
(unfused) tetanus at 20 Hz stimulation. Control — control animals; 0.25 and 0.5 N — external loads of 0.25 and
0.5 N, respectively. *P < 0.05, significant difference compared with the Control group
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Fig. 6. Creatinine concentration and levels of creatine phosphokinase (CPK) and lactate dehydrogenase
(LDH) in rat blood after non-relaxation electrostimulation of musculus soleus at a frequency of 50 Hz for 6 s
with an external load of 0.5 N. *P < 0.05, significant difference compared with the Control group
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sue [20]. Therefore, the accumulation of fat within
skeletal muscles can lead to an increase in muscle
stiffness, acting to resist muscle fiber shortening and
transverse thickening during contraction.

Our findings revealed a lower muscle contrac-
tion force in obese rats (Figs. 2, 3) and altered overall
skeletal muscle performance (Figs. 4, 5). These re-
sults may be directly related to increased muscle
stiffness caused by the incorporation of fat compo-
nents into muscle tissue. Moreover, our data indicate
the development of muscle fatigue during obesity
progression.

Previous studies have shown that, with the de-
velopment of obesity, adaptive mechanisms, such as
reorganized neuronal activation and modifications
of muscle structural properties, may act to improve
the efficiency of movements requiring maximal ten-
sion [21]. According to these data, muscle efficiency
during high-intensity contractions depends on the
effectiveness of force transmission from contractile
elements to the skeleton, which may serve to reduce
the pathological effects of increased muscular rigidi-
ty. Other studies have demonstrated that obesity can
reduce skeletal muscle force generation due to ele-
vated intramuscular lipid content, thereby disrupting
the relationship between muscle mass and contractile
function [22].

Research on the role of muscle fascia in main-
taining steady-state muscle activity has shown that
muscle fatigue itself is not the primary factor [23]. It
has been suggested that disruption of fascial rigidity
plays a crucial role in the development and mainte-
nance of muscle tension, as well as in changes in in-
terstitial pressure. This may explain our observation
of a prolonged relaxation time and delayed return of
the muscle to its initial position during obesity pro-
gression (Fig. 3).

An important aspect of muscle performance
is the response to increasing frequencies of efferent
input, which underlies the transition from incom-
plete to complete (fused) tetanus. The greater inertia
of muscle contraction observed in obesity requires
stronger stimulation from motor neurons. Therefore,
the delay in achieving fused tetanus may represent a
sensitive indicator of muscle pathology progression
under obesity conditions. This rationale underlies
our investigation of the specific transformation of
musculus soleus descending activity in obese rats
(Fig. 4).

It is also possible that the reduced contraction
force observed in obese rats (Fig. 2) may be par-

tially modulated by systemic inflammation [24],
as adipose tissue functions as an endocrine organ
secreting various cytokines. This is supported
by increased levels of creatinine, CPK, and LDH
(Fig. 6), which likely reflect the release of intracel-
lular enzymes into the extracellular space follow-
ing myocyte damage. This hypothesis is consistent
with previous reports of elevated anti-inflammatory
cytokines associated with obesity, particularly in-
terleukin-6 (IL-6) and tumor necrosis factor-alpha
(TNF-0) [24]. Such changes may also be related to
increased muscle energy expenditure required to
compensate for heightened stiffness of active muscle
components.

It is also important to note that elevated serum
levels of LDH, CPK, and creatinine in obesity could
potentially reflect not only skeletal muscle fiber de-
struction but also systemic metabolic disturbances
or mild renal dysfunction accompanying obesity.
These enzymes and metabolites are not entirely spe-
cific markers of muscle fatigue; rather, they reflect
broader cellular damage or altered energy metabo-
lism. However, several studies indicate that under
controlled experimental conditions, when changes
in renal function or systemic inflammation are not
pronounced, increases in these markers primari-
ly originate from skeletal muscle stress or injury.
For example, Goodpaster et al. [3] and Rahemi et
al. [9] reported that intramuscular lipid accumula-
tion and structural remodeling in obesity lead to
mechanical strain and myocyte membrane leakage,
resulting in elevated serum LDH and CPK. Moreo-
ver, elevated creatinine in diet-induced obesity has
been interpreted as a byproduct of enhanced mus-
cle catabolism rather than renal pathology [25].
Therefore, while alternative explanations cannot be
completely excluded, we believe that the biochemi-
cal profile observed in our study most likely reflects
muscle fiber disruption and metabolic fatigue rather
than systemic renal impairment. This interpretation
is supported by histological evidence of myocyte
damage and fibrosis in the same animals.

Conclusion. It was established that during the
development of obesity, the reduction in skeletal
muscle strength generation is closely associated with
increased intramuscular lipid accumulation, which
disrupts the relationship between muscle mass and
contractile function. In vivo studies have shown that
a prolonged increase in external load on the mus-
cles leads to adaptive hypertrophy of muscle fibers.
However, the infiltration of intramuscular fat in-
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duces structural and metabolic alterations in mus-
cle tissue, resulting in marked disturbances in blood
biochemical parameters and significant impairment
of biomechanical indices of muscle activity. Thus,
a comprehensive biomechanical analysis, including
detailed evaluation of the force and time characteris-
tics of muscle contraction, supported by histological
and biochemical studies, can serve as an effective
tool for assessing the degree of pathological altera-
tions in the muscular system associated with obesity.

Confict of interest. Authors have completed
the Unified Conflicts of Interest form at http://ukr-
biochemjournal.org/wp-content/uploads/2018/12/
coi_disclosure.pdf and declare no conflict of interest.

Funding. This study was funded by the
state budget theme (state registration number
No. 0119U100168).

MNOKA3HUKHU MOPYIIEHHSA
CKOPOTJIMBOI 3IATHOCTI
MUSCULUS SOLEUS Y IIYPIB 3
OKUPIHHAM

Jl. M. Hozopenxo, O. B. Pizyn,

O. O. Kaamuxosa, M. FO. Ky3ueyosa,

H. I Paxwa, T. I. I'anenosa™, O. B. Jlunuax,
10. I Ipunyyvruii

KwuiBchkuil HalliOHATEHUN YHIBEPCUTET iMEHI
Tapaca lllesuenka, KuiB, Ykpaina;
Me-mail: galenovatanya@knu.ua

OxupiHHs HAOYJIO III00ABHOTO MOIIUPEHHS,
JOCATHYBIIK MacmiTadiB emigemii. Hagmipaa maca
Tijia € BiIOMHM (PaKTOPOM PU3UKY PO3BUTKY MOPY-
IICHb M’s130BOT PYHKIIii. MeTOr J0CiKeHHS 0YI10
OLIIHUTH MEXaHOKIHETUYHI MapaMeTpy CKOPOUCHHS
musculus soleus y TBapuH 3 OXHPIHHSIM ISl Kpa-
IIOTO PO3YMIHHS MOYKJIMBOTO BILIMBY OKHUPIHHS Ha
CKOPOTJIMBY aKTHBHICTh M’s13a, CTPYKTYPY TKAaHUHU
Ta MOSIBY MapKepiB YITKOKEHHS B KpoBi. Ekcriepu-
MEHTH TpoBeieHO Ha 40 caMIlsgx OUIMX HEMIHIHHUX
IIypiB, SIKMX MOPIBHY PO3MOAUIMIN Ha JIBI IPYIH.
TBapuHM KOHTPOJIBEHOT TpymH npoTsroM 10 THXHIB
OTpUMYBaNH cTaHIapTHUi pation. [llypu 3 rpynu
OXKUPIHHS YTPUMYBAJIHMCS HA BUCOKOKHUPOBIH JII€TI
MPOTATOM aHAJIOTIYHOTO Tepiony. HanmpukiHii exc-
MEPUMEHTY TBapHH ITiJIJaBaIi eBTaHa3ii, 130J10Ba-
s musculus soleus, miciist 4oro BeHTpaibHi KOPiHili
BiJICIKAJIH BiJI CTUHHOTO MO3KY. CKOPOTINBY aKTHB-
HICTh M’S3a JIOCJI/KYBajd 332 YMOB €JICKTPHUYHOT
CTUMYJISIIIT IMITYJIbCAMU, 3Tr€HEPOBAHUMH IMITYJIbC-
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HUM reHepatopoM. [icTonoriyauii ananiz M’s30Boi
TKaHWHU TPOBOJIUIN 3 BUKOPUCTAHHSIM TPHUXPOM-
HOTO 3a0apBieHHS 3a BaH-1'i30H0M Ta 3a06apBIeHHS
CyJIlaHOM YOpHHUM. Y KpPOBI BU3HAYaJld KOHIIEHTpa-
1IF0 KPEaTHHIHY, a TAKOXK aKTHBHICTh KpeaTHH(OC-
¢doxkinazu (KOK) ta makrarnerigporenasu (JIAD).
VY TBapHH 3 0KUPIHHSIM, TIOPIBHSIHO 3 KOHTPOJIBHOIO
I'PYIOI0, BUSIBIICHO 3HMKCHHSI MaKCHMaIbHOT CHITH
ckopoueHHs musculus soleus Ta iMITyIbCy M’130BOi
CHWJTH, TIOJIOBXKCHHS Yacy peJiaKcailii i CroBiJIbHEHe
MIOBEPHEHHS M’513a J10 BUX1HOTO CTaHy, IO CBiIYH-
JI0 IPO PO3BUTOK BTOMH CKEJETHOro M’si3a. Hass-
HICTh Yy IIMUTOIJIa3Mi MIOLMTIB JIIMIHUX BKJIIOYCHB
1 30UIBIICHHST KIJIBKOCTI KOJAreHOBUX BOJIOKOH Y
TKaHWHI M’s13a, a TaKOXK TiIBUINCHUHN piBeHb Kpea-
TUHIHY U 3poctaHHs akTuBHOCTI JIJII' Ta KOK y
KpOBI MiATBEPAMIIN MOPYIIEHHS (QYHKIIOHAIBHOTO
CTaHy M’130BOi TKAHUHH y LIYPiB 3 OXKUPIHHSIM.

Knouosi cimosa: musculus soleus, oxu-
piHHS, M’A30Ba BTOMa, CKOPOTJIMBAa aKTHUBHICTb,
KpeaTuHiH, KpearnHpochoKiHaza, JTaKTaTIeriIpo-
reHa3a, FiCTOJIOTIYHUM aHaJIi3.
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