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Background. Plastic is the most common pollutant in the environment. In natu-
ral conditions, plastic undergoes mechanical and photochemical degradation, forming
micro- and nanoparticles that are accumulated by living organisms. Regular intake
of plastic micro- and nanoparticles (MNP) in the gastrointestinal tract (GIT) leads to
the development of inflammatory processes in the alimentary canal walls and disrupts
intestinal microbiota. However, the contractile activity of smooth muscles in the GIT
under these conditions is yet to be studied.

The aim of the study was to investigate the spontaneous contractile activity of circular
smooth muscles of the antrum and caecum of rats under long-term peroral intake of MNP
of one of the most common plastic pollutants for the environment, polypropylene (PP).

Materials and Methods. The suspension of polypropylene particles was prepared
using disposable dishes by Roursgaard’s method with slight modifications. The deter-
mination of the average hydrodynamic diameter of PP particles in the aqueous suspen-
sion involved the method of dynamic light scattering. The animals in the experimental
group received the PP suspension in their drinking water (at a daily dose of 2.5 mg/kg)
for 6 weeks. The tenzometric experiments were conducted in the isometric mode of
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registration, using isolated circular smooth muscle preparations from the antrum and
caecum of rats. The spontaneous contractions were analyzed by mechanokinetic analy-
sis with the estimation of force, time, velocity, and impulse parameters.

Results. The polypropylene suspension contained particles of up to 4 ym, 34.1 %
of which were < 1 ym. Long-term peroral intake of PP into the organism was accompa-
nied by the impairment of the spontaneous contractile activity of smooth muscles in the
antrum and caecum: a decrease in the frequency and modulation of mechanokinetic
parameters of some contractions. In case of the antrum muscles, there was an increase
in force and velocity parameters, time parameters were below the control ones, while
the impulse parameters remained unchanged. Under the effect of PP, the mechanoki-
netic parameters of contractions in the caecum demonstrated the following changes:
there was a considerable increase in force parameters for the amplitude and phase of
contraction, as well as all the time and impulse parameters, whereas velocity param-
eters were considerably decreased.

Conclusions. Prolonged intake of polypropylene MNP into the organism causes
changes in the frequency of spontaneous smooth muscles contractions, likely due to
impaired functioning of pacemaker cells; whereas changes in amplitude parameters are
likely due to MNP’s action on smooth muscle cells.

Keywords: mixture of nano- and microplastics, polypropylene, smooth muscles,
antrum, caecum, spontaneous contractions, mechanokinetic parameters

INTRODUCTION

Due to their unique physical properties, plastics are universal materials in modern
industry, so, despite environmental pollution and hazards for human health, their produc-
tion is increasing every year, reaching over 350 million tons per year (Wieland et al.,
2022; Donisi et al., 2024; Zurub et al., 2024). Since plastics are quite durable, often have
a very short lifespan, and are not adequately recycled, they end up in the environment
in huge quantities, currently being the main pollutant of ecosystems. In particular, about
8 million tons of plastic rubbish enter the global ocean every year (Bora et al., 2024).

In conditions of the environment, plastics undergo mechanical and photochemi-
cal degradation, forming micro- and nanoparticles. It should be noted that in the global
production volume of plastics, there is clear prevalence of thermoplastic materials (poly-
ethylene, polypropylene, polyvinyl chloride, polystyrene, polycarbonate, polyethylene
terephthalate, etc.), which, in addition to the polymer base itself, also contain addi-
tives (chlorine, phthalates, bisphenols, brominated flame retardants, etc.), the release
of which during the degradation of plastics poses an additional threat (Wieland et al.,
2022; Donisi et al., 2024). The most common environmental pollutants, particularly in
soils and water bodies, are thermoplastics such as polyethylene (PE), polystyrene (PS),
and polypropylene (PP) (Sadri & Thompson, 2014; Zurub et al., 2024).

At present, the terminology, used to classify plastic particles of different sizes, is as
follows: microplastic (MP) — particles of > 1 um and < 5 mm; nanoplastic (NP) — particles
of 1 nm —1 um (as per another, less common classification, 1-100 nm); in case of a mix-
ture of micro- and nanoplastic, the term micro-nano-plastics (MNP) is used (Zhu et al.,
2023; Pradel et al., 2023; Dube & Okuthe, 2023; Zurub et al., 2024). In terms of forms,
MNPs are classified into fragments, fibers, granules, spheres, films, foams, leaves, etc.
(Kiran et al., 2022). Depending on their origin, plastic particles are classified into primary
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(intentionally produced) and secondary (formed during the degradation of larger plastic
fragments under light, mechanical, or microbial effects) (da Silva Brito et al., 2022).

Every year, over 50 thousand (according to other data, over 200 thousand) parti-
cles of plastic penetrate a human organism (Yang et al., 2023; Bora et al., 2024; Chi
et al., 2025). Mostly, the intake occurs via the gastrointestinal tract (4.88-10° — 5.77-109,
and according to other data — over 140 thousand MP particles) and the respiratory sys-
tem (0.21-10° - 2.51-10° MP particles) (Yang et al., 2023). The first route predominates,
since considerable amounts of this pollutant are present in drinking water, food pro-
ducts, and medical and personal hygiene products (pharmaceutical containers, tooth-
paste, exfoliants, etc.) (Gopinath et al., 2022; Yang et al., 2023; Donisi et al., 2024;
Bora et al., 2024). In the recent decade, nanoplastics have been viewed as promising
nanocarriers for targeted delivery of medical preparations, including those for antitumor
therapy (Sun et al., 2018; Yu et al., 2021).

A great amount of data has already been accumulated about the penetration of MNP
inside the organism and the toxic effects caused by these particles. When MNP particles
enter the GIT, a protein crown composed of predominantly low-molecular-weight proteins
forms around them, facilitating their diffusion through the mucin layer (Paul et al., 2020).
NP may be capable of being absorbed by gastric endothelial cells; at least, a simu-
lation using human gastric adenocarcinoma cells demonstrated that particles of 100 nm
can be endocytosed and activate the expression of genes encoding proinflammatory
cytokines (Forte et al., 2017). MNP particles are mostly translocated via the intestinal
wall. Plastic fragments of < 2.5 mm are endocytosized in small intestine by microfold
cells of Peyer’s patches and then distributed in tissues (including bone marrow, liver,
kidneys, and spleen); larger particles (5—10 ym) are absorbed by specialized cells, for
instance, macrophages, and were identified in internal organs (for instance, in liver) (Jani
et al., 1990; Simon et al., 1997; Paul et al., 2020). The in vivo study using mice demon-
strated high absorption of large MP (5 and 20 uym) following peroral application at doses
of 0.01, 0.1, and 0.5 a day; permanent concentrations were observed 14 days after the
beginning of the experiment (Deng et al., 2017). At present, researchers believe that
generally the bioavailability of MNP particles is under 10% (Jin et al., 2019).

Arelevant specificity of regular and long-term intake of MNP in the GIT is the induc-
tion of inflammatory processes due to intestinal microbiota disruption, impaired intes-
tinal barrier (“leaking” gut), pathological changes in the metabolism of bile acids and
other metabolic processes (Jin et al., 2019; Fackelmann & Sommer, 2019; Paul et al.,
2020; da Silva Brito et al., 2022; Chi et al., 2025). In the case of a systematic MNP
input, pathological changes are induced in intestinal walls, leading to a decrease in the
efficiency of the intestinal barrier and thus higher permeability of digestive tract walls for
MNP (Bora et al., 2024; Bao et al., 2025). Also, as demonstrated under the in vivo effect,
MNP particles penetrate tissues and organs, causing the disruption of the reproductive
function in both male and female animals (Jeon et al., 2024; Zhao et al., 2025), remode-
ling of vascular walls and apoptosis of smooth muscle cells in them, mediated by the
damage of mitochondria (Zhang et al., 2024; Xie et al., 2024; Persiani et al., 2025).
In addition, MNP particles are capable of direct penetration to brain structures via the
hematoencephalitic barrier and can exert an indirect effect on peripheral links (Shan
et al., 2022; Kopatz et al., 2023; Wu et al., 2025).

Although the effects and mechanisms of MNP-induced inflammation in the intesti-
nal wall and the impairment of the microbiome are well studied, there are no data on the
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contractile activity of smooth muscles in the GIT under these pathological conditions.
Therefore, the aim of the study was to investigate the spontaneous contractile activity
of circular smooth muscles of the antrum and caecum of rats under long-term peroral
intake of MNP of one of the most common plastic pollutants for the environment, poly-
propylene.

MATERIALS AND METHODS

Preparation of polypropylene particles and their characterization. The suspen-
sion of polypropylene particles was prepared using disposable dishes (composition —
polypropylene, 100 %) by Roursgaard’s method with slight modifications (Roursgaard
et al.,, 2022). At first, plastic dishes were mechanically cut with medical scissors into
fragments of up to 5 mm. Then, plastic fragments were added to distilled water, cooled
to 4 °C, in a 1:1 ratio, and their mechanical homogenization was performed using a labo-
ratory homogenizer IKA A11 (IKA-Werke GmbH & Co. KG, Germany) for 30 min. After
processing with the homogenizer, the plastic fragments were filtered through a sieve with
pores of 50 um, and the weight of microparticles in the suspension was determined. To
prevent aggregation, the polypropylene particle suspension was sonicated for at least
10 min before use; as shown by dynamic light scattering, this is sufficient to ensure that
the hydrodynamic particle diameter distribution is stable for at least 3 days.

To determine the average hydrodynamic diameter of polypropylene particles in the
aqueous suspension, the method of dynamic light scattering with the laser correlation
spectrometer “ZetaSizer—3” (Malvern Instruments, Great Britain), equipped with He-Ne
laser LGN-111 (P =25 mW, A = 633 nm; the measuring range of the device is from 1 nm
to 20 ym) was used. The registration and statistical processing of the laser irradiation,
dissipated from aqueous (n = 1.33) suspension of the particles, were conducted five
times in the course of 60 s at the temperature of +22 °C under the dissipation angle of
90°. The obtained results of the measurements were processed using PCS-Size servi-
cing software, version 1.61.

Protocol for working with animals. The studies were conducted using Wistar
rats, which were kept on a standard diet and under standard conditions: temperature
of 20 = 2 °C, relative air humidity of 50-70 %, and a light:darkness ratio of 12:12 h.
All the manipulations with the animals were conducted according to the International
Convention for the Protection of Animals and the Law of Ukraine “On Protection of
Animals from Cruelty” (the Minutes of the Bioethics Commission of Taras Shevchenko
National University of Kyiv No.8 dated December 26, 2024). The animals were eutha-
nized by hypoxia, induced by carbon dioxide (CO,).

The experimental protocols (Jin et al., 2019; Li et al., 2020) were accepted as the
basis for the study design. The study used 16 female rats (aged 8 weeks), which were
randomly divided into two groups: control (6 animals) and experimental (10 animals).
The animals were weighed three times a week to control the dose of microplastics. All
the animals had free access to food and water; the animals in the experimental group
received the PP suspension in their drinking water (at a dose of 2.5 mg/kg, every day)
for 6 weeks. The dose was defined using the estimate of daily water use by adult rats in
the amount of 12.0 mL per 100 g of weight (in “Techniques in the Behavioral and Neural
Sciences”, 1994), which corresponded to the average value of the MP input into the
human organism (Senathirajah et al., 2021). Prior to adding the suspension of particles
to the drinking water, it was processed with ultrasound for 20 min.
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Immediately after euthanasia, the antrum and caecum of the animals were
extracted, thoroughly washed with large volumes of the Krebs solution, cleansed from
the mucosa, and used for smooth muscle preparations.

The study of the contractile activity of the GIT smooth muscles. The tenzomet-
ric experiments were conducted using the preparations (the average size of 2x10 mm)
of circular smooth muscles of the antrum and caecum. The muscle preparations were
placed into the working chamber (the volume of 2 mL) with the flowing Krebs solu-
tion (the flow rate of 8 mL/min), thermostated at 37 °C. The preparation was passively
tensed at the rate of 10 mN and left for at least 1 h until the occurrence of spontane-
ous contractions with constant frequency and amplitude characteristics. The contractile
activity was studied in the isometric mode using the force-sensing device. The signals
were registered with an analogue-to-digital transformer.

Krebs solution that was used in the experiments (mM): 120.4 NaCl; 5.9 KCI;
15.5 NaHCO,; 1.2 NaH,PQO,; 1.2 MgCl,; 2.5 CaCl,; 11.5 glucose; pH 7.4.

The mechanokinetic analysis of spontaneous contractions. The contractions
of the anfrum and caecum preparations were analyzed using the method of multipa-
rameter mechanokinetic analysis (Kosterin et al., 2021). The analysis of the complete
profile of single spontaneous contractions involved their primary linearization within the
coordinates, where fand t — instant values of force and time at the level of the contrac-
tion cycle (indices C and R indicate the phases of contraction and relaxation, respec-
tively), At — arbitrary fixed time interval (which varied within 5-8 s). A fragment of a single
spontaneous contraction from the beginning of the increase in the force to its maximal
value F_, (at a time moment 71,) was considered to be a contraction phase, and a part

of a spontaneous contraction from F,_, till the force returned to the initial level was con-
sidered the relaxation phase. The linearization charts were used to determine the char-
acteristic constants k and n, which were further used to calculate the parameters: force
(F...» @s well as F. and F — force values at the inflexion points of the mechanogram
at the level of contraction and relaxation phases), time (1,, as well as 1, and 1; — time
values at the inflexion points of the mechanogram at the level of contraction and relaxa-
tion phases), velocity (V. and V;— maximal velocities of the contraction and relaxation
phases, respectively, which occur at the inflexion points) and impulse (/,,,, /c and Ir—
force impulses at the level of the amplitude and maximal velocities of contraction and

relaxation, respectively).

Statistical analysis. MS Excel and Origin 2021 were used to estimate mechanoki-
netic parameters and conduct statistical analysis. The samples were checked in terms
of belonging to normally distributed general populations according to the Shapiro—Wilk
test. The homogeneity of dispersions was checked using Fisher’s criterion. The paired
version of the t-test for independent groups of data with equal or unequal variances was
used to determine the significant differences between the mean values of samplings.

The analysis of data approximation while using the mechanokinetic analysis method
by the linear function was performed using Fisher’s test; determination coefficients (R?)
were at least 0.96 in all cases.

The data were exhibited as a meantstandard error of the mean (SE). The diffe-
rences were considered statistically significant at p < 0.05, n — number of experiments.
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RESULTS AND DISCUSSION

The characterization of the suspension of polypropylene particles. The
dynamic light scattering method demonstrated that the aqueous suspension of polypro-
pylene microparticles had an average hydrodynamic diameter of 1.4 ym and a particle
distribution width of 1.63 uym. The particles were distributed in the range of 446 nm
(4.4 %)—4.02 um (1.5 %), and their largest amount (44.2 %) had the average diameter
of 1.34 ym (Fig. 1).
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Since a rather large amount of particles (4.4 %) in the suspension had an average
size of 446 nm, this fraction was studied separately. To analyze small particles, the ini-
tial suspension was passed through a syringe filter with a 600 nm pore diameter, and
the obtained fraction of the suspension was analyzed by the method of dynamic light
scattering. According to histograms of particle distribution by intensity and volume, the
fraction had some amount of particles of larger size (Fig. 2A and B), which could have
been caused by partial damage of the filter during the filtration, yet this contamination
was minimal, since it did not impact the histogram of the particle distribution by amounts
(Fig. 2C). The low-size fraction contained the largest amount of particles of 44.5 nm
(44.5 %), as well as 20.3 % particles of 20.3 nm and 28.7 % particles of 34.8 nm. A mix-
ture of polypropylene micro- and nanoparticles was also used in the study.
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Thus, since in the PP suspension, the particles of < 1 uym (29.7 % particles were
of 773.1 nm and 4.4 % — 446.0 nm) constituted about one-third of the total number, we
used the MNP suspension in the in vivo study.

The modulation of spontaneous contractions in the antrum of rats in response
to the suspension of polypropylene particles. In case of the control animals, the
circular smooth muscles of the antrum generated spontaneous contractions with the
overall frequency of 14.5 £ 0.9 contractions/10 min (n = 6). These contractions consisted
of two subgroups: low frequency ones with high amplitude (with the average frequency
of 0.65 + 0.12 contractions in 10 min and the average amplitude of 11.1 £ 0.45 mN) and
high frequency ones with low amplitude (with the average frequency of 1.1 + 0.14 con-
tractions in 10 min and the average amplitude of 3.33 £ 1.01 mN) (Fig. 3A).

After long-term peroral use of the aqueous MNP suspension of PP, smooth muscles
of the anfrum generated spontaneous contractions with a decreased overall frequency,
which on average was 8.3 £ 0.6 contractions in 10 min (n =10, p < 0.05) (Fig. 3B). The
decrease in the overall frequency occurred due to the drop in the frequencies of both
fractions of spontaneous contractions, although the frequency of low amplitude contrac-
tions changed to a higher degree, the amplitude of low frequency contractions increased
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considerably too, whereas that of high frequency contractions decreased. Thus, two frac-
tions of contractions were observed in these conditions: with the average amplitude of
15.1 £ 0.79 mN and frequency of 0.7 contractions in 10 min, and 1.45 + 0.18 mN and
0.52 £ 0.11 contractions in 10 min.

A B

25 25

20 20

Fig. 3. The typical mechanograms of spontaneous contractions of circular smooth muscles of the anfrum of
rats in the control (A) and under long-term peroral intake of polypropylene MNP into the organism (in
the daily dose of 2.5 mg/kg for 6 weeks) (B)

Since it was important to determine whether some characteristics of contraction-
relaxation cycles change under the effect of PP, which would indicate the impact of this
xenobiotic on the processes of Ca?* ion translocation in myocytes, further on, high ampli-
tude contractions were analyzed by multiparameter mechanokinetic analysis (Kosterin
etal., 2021). It was found that in case of the antrum muscle preparations, obtained from
the animals that drank the aqueous suspension of PP MNP, there was a change in most
parameters of some contraction-relaxation cycles. For instance, all the force parame-
ters demonstrated a significant increase: amplitude (F,,,) on average to 139.3 £ 5.1 %
(p <0.001, n =10); indices of the force at the mechanogram inflexion points at the level
of phases of contraction (F.) and relaxation (Fy), respectively, up to 140.6 + 5.2 % and
145.3 £ 4.6 % (in both cases p <0.001, n = 10) (Fig. 4A). Also, under the effect of PP,
there was a similar decrease in the parameters of the time of reaching the amplitude
(1,), the mechanogram inflexion points at the level of phases of contraction and relaxa-
tion (1, and 1), respectively: 60.8 + 3.4 %, 55.6 + 2.3 % and 62.6 + 4.2 %, respectively
(in all cases p < 0.01-0.001, n = 10) (Fig. 4B). Also, there was a two-fold increase in the
parameters of maximal velocities at the level of phases of contraction (V) and relaxa-
tion (Vz): 228.5 + 6.3 % and 220.5 £ 8.1 % (in both cases p < 0.001, n = 10) (Fig. 4C).
The only group of mechanokinetic parameters that did not incur any changes due to PP
MNP was the impulse parameters (Fig. 4D). However, the absence of changes in the
impulse parameters may be explained by the fact that mathematically, the force impulse
parameters are calculated as a force integral equation, generated by the muscle within
a certain period of time. Since in this case, against the background of the increase in
force, time parameters decreased, this combination eliminated any evident changes in
impulse parameters /., I and /5.

max’?
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Fig. 4. The summary of mechanokinetic parameters of spontaneous contractile activity of circular smooth
muscles of the antrum of rats in the control (A) and under long-term peroral intake of polypropylene
MNP into the organism (in the daily dose of 2.5 mg/kg for 6 weeks): A — force parameters (F,,,,
F., and Fg); B — time parameters (1,, ¢, and 1); C — velocity parameters (V,, and Vy); D — impulse
parameters (/,, I, and ). n = 6-10; ** —p < 0.01, *** — p < 0.001 significant regarding the control

The modulation of spontaneous contractions in the caecum of rats inresponse
to the suspension of polypropylene particles. Since a considerable translocation of
xenobiotics occurs via the intestinal walls, further on, we investigated the spontaneous
contractile activity of the circular smooth muscles of the caecum of rats that received
the MNP suspension for a long time. In the control, the circular smooth muscles of the
caecum were characterized by spontaneous contractions with the overall frequency
of 49.8 + 4.2 contractions in 10 min (n = 6). These contractions consisted of two frac-
tions: low frequency contractions with a high amplitude (with the average frequency of
12.8 + 2.2 contractions in 10 min and the average amplitude of 12.5 £ 0.41 mN) and
high frequency ones with a low amplitude (with the average frequency of 41.5 + 3.1
contractions in 10 min and the average amplitude of 1.88 £ 0.32 mN) (Fig. 5A).

Similarly to the smooth muscles in the antrum, a long-term intake of polypropylene
MNP into the organism was accompanied by considerable changes in the spontaneous
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activity of the caecum muscles. For instance, due to the effect of this xenobiotic, the
overall frequency of spontaneous contractions decreased considerably on average to
12.8 = 3.7 contractions in 10 min (n = 10). It should be noted that under these con-
ditions, low-frequency contractions mostly overlapped with the high-frequency ones,
resulting in the disruption to the trends for some contractions (Fig. 5B and C).
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Further, the high-amplitude contractions were analyzed using multiparameter mecha-
nokinetic analysis. It was determined that under the effect of PP, there was a conside-
rable increase in the force parameters F,_, and F (on average up to 144.6 + 8.0 and
147.9 £ 7.8 %, respectively, in both cases p <0.05, n = 10) and all the time parameters
(1,10 362.0 £ 12.9 %, 1,10 265.4 + 16.6 % and 1;t0 393.5 + 12.5 %, in all cases p < 0.05,
n = 10) (Fig. 6A and B). A considerable increase in time and velocity parameters
reflected on the increase in the impulse parameters of spontaneous contractions, which
depended on them: /, to 567.6 £ 17.9 %, I, to 397.6 + 23.5 %, and I to 624.9 £ 17.0 %,
in all cases p < 0.05, n = 10) (Fig. 6C).

Also, due to a considerable disruption in the trend for single spontaneous contrac-
tions under the effect of PP, there was a considerable decrease in both velocity parame-
ters V. and Vi, amounting to 38.9 + 7.8 % and 30.0 £ 6.4 %, respectively (in both cases
p <0.001, n = 10) (Fig. 6D).
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Fig. 6. The summary of mechanokinetic parameters of spontaneous contractile activity of circular smooth
muscles of the caecum of rats in the control (A) and under long-term peroral intake of polypropylene
MNP into the organism (in the daily dose of 2.5 mg/kg for 6 weeks): A — force parameters (F,,,,, F., and

max?

Fy); B —time parameters (1,, 7., and Tg); C — velocity parameters (V, and V;); D — impulse parameters
(I, I, and Ig). n =6-10; * —p < 0.05, ** — p < 0.01, ** — p < 0.001 significant regarding the control

Therefore, a long-term effect of polypropylene MNP on the organism caused
a considerable disruption in the rhythmic activity of smooth muscles of the gastrointestinal
tract of rats; these changes were especially evident in the caecum. We can speculate
about the tissue mechanisms of this disruption. It is known that spontaneous contrac-
tions of smooth muscles of the digestive tract are induced by pacemaker cells — inter-
stitial cells of Cajal, which exist in at least seven types, and the presence of some
ICC types is different for different GIT parts, each of them inducing contractions with
a different frequency (Hwang et al., 2025; Di Natale et al., 2025). ICC-SM pacemakers
are present in the walls of the antrum and caecum — they are located under the circular
layer of smooth muscle cells and contact with the submucosa layer of the wall; while
ICC-MY are located next to the Auerbach’s plexus ganglia between the longitudinal and
circular layers of myocytes. According to the data reported by Smith et al. (1987), the
ICC-MY subpopulation cells generate a low-amplitude rhythm of muscle depolarization,
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while ICC-SM — a high-amplitude one. Thus, the frequency of spontaneous contrac-
tions in the digestive tract muscles is determined by the functioning of ICC. The force of
contractions is determined by the processes of activation of the contraction apparatus
in working myocytes. These processes can be divided into those directly dependent
on the concentration of Ca?* ions in the myoplasm, and Ca?"-independent processes
of sensitization of proteins of the contraction apparatus. The latter are mostly condi-
tioned by the inhibition of the activity of the phosphatase of light chains of myosin by
inhibitory phosphorylation with RhoA-dependent kinases CPI-17 and ROCK (Mahavadi
et al., 2017). The general mechanism, by which microplastics cause the disruption in
the functioning of tissues and organs, is the inflammation induction. It is known that
one of the consequences of inflammation in smooth muscle tissues is the induction of
oxidative stress in cells (Liu et al., 2025). The increase in spontaneous contractions
under oxidative stress, as shown in the example with smooth muscles of the antrum
and the urinary bladder, is the hyperactivation of Rho-kinase (Al-Shboul & Mustafa,
2015) and inhibition of K*-current via Ca?*-activated K*-channels of low conductivity
(Wang et al., 2018). Similar changes in force, time, and velocity parameters, detected
by the mechanokinetic analysis, also indicate the absence of specific changes in the
functioning of the systems of passive (when the parameters of the contraction phase
and amplitude are sensitive) and active (when the parameters of the relaxation phase
are sensitive) transportation of ions in myocytes under the effect of the polypropylene
particles (Kosterin et al., 2021).

Therefore, since the volume of industrial use of plastic, its environmental pollution,
and its entry into organisms remain at a very high level, and also do not currently have
prospects for a quick solution, the study of violations of the functioning of physiological
systems under in vivo exposure is of high relevance. This work is the first to analyze
violations of the motility of the digestive tract under conditions of a regular long-term
peroral intake of the polypropylene MNP. The results presented in the work are impor-
tant for understanding the mechanisms of motor dysfunction under the action of this
xenobiotic, and can also be useful for developing a strategy for therapeutic normaliza-
tion of this dysfunction.

CONCLUSIONS

Long-term intake of polypropylene MNP into the organism causes a change in
the frequency of spontaneous contractions of smooth muscles, which is likely due to
impaired ICC functioning. Since, in these conditions, there is a change in the amplitude
parameters of contractile activity, it is possible to predict changes in the processes of
activation of smooth muscle cell contractions, which may be due to the increase in sen-
sitization of contraction proteins.
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3MIHM CNOHTAHHOI CKOPOYYBAINbHOI AKTUBHOCTI MAJEHbKUX M’A3IB
LLUNYHKOBO-KULUKOBOI'O TPAKTY LLYPIB 3A TPUBAJIOIO HAOXOOXXEHHA
B OPTAHI3M CYMILUI HAHO- | MIKPOYACTUHOK NONIMPONINEHY

Mapis LWLlynebea', OnekcaHdp YyHixiH?, Bonodumup Manuwee',

OnekcaHOp CaeyeHko', AHOpIli CubipHulir, Cepaili MaHOpuK',

Xpucmuna LLlonnoma*, OnekcaHdp ApmemeHko', Onbea um6bantok'

" Kuiscbkuli HaujoHanbHUl yHisepcumem imeHi Tapaca LllegyeHka

8ysn. Bonodumupceka, 64/13, Kuie 01601, YkpaiHa

2 [Hemumym 6ioximii im. O. B. [MannadiHa HAH Ykpainu, syn. JleoHmosuya, 9, Kuie 01601, YkpaiHa
3 [IHI “ITbeiecbkuli HaujoHansHUl MeduyHul yHisepcumem imeHi JaHuna anuysko2o”

syn. lNekapceka, 69, Jlbeie 79010, YkpaiHa

4 Ilbeiscbkull HauioHanbHUU yHisepcumem imeHi lsaHa @paHka
syrn. Cidosux Cmpinbuis, 19, Jlbeig 79000, YkpaiHa

O6rpyHTyBaHHA. [nacTuk € HanbinbL NOWMPEHNM 3abpyaHOBa4eM HaBKOMMLL-
HbOro cepefoBuLLa. Y NpUPOAHMX YMOBax NracTuK NiggaeTbCAa MeXaHiyHin i doToxi-
MiYHIA OeCTpyKUil, POPMYOUM MIKPO- Ta HAHOYACTUHKW, SKi aCUMIMOKTLCS XUBUMMU
opraHiamamu. PerynspHe HagxoKeHHs1 CyMillli HaHO- | MikpodacTuHok nnacTtuky (MHI)
Y LWITYHKOBO-KMLIKOBUI TpakT (LLUKT) cnpuymHae po3BnTOK 3anarnbHUX MPOLECIB Y CTiH-
Kax TpaBHOIO KaHasny Ta NopyLUeHHSs KALWKOBOI MikpobioTn. OgHak 3anuaeTses Hego-
CNiXXEHO CKOpOoYyBarbHa akTUBHICTb rmageHbknx m’a3iB LLUKT 3a Taknx ymos.

MeToto poboTtun Byno SOCNiAUTM CMIOHTaHHY CKOpPOYyBasibHY aKTUBHICTb KifbLEeBUX
rnageHbkuX M'a3iB LUNYHKY | TOBCTOrO KULLEYHMKA LLYPIB 3a TPUBanoro nepoparnbHOro
BxunBaHHA MHI ogHoro 3 HanbinbL NOLWMPEHUX NNACTUKOBUX 3abpyaHIOBaYiB HaBKO-
NVLWHBOrO cepegosuLla — noninponineny (M).

Matepianu i meTogu. CycneHsito 4aCTMHOK MONINPonineHy rotysanu 3 ogHopa-
30BOro nocyay 3a metrogom Roursgaard 3 He3HauyHuMK Moaudikauigamu. BusHavyeHHs
CcepeaHboro rigpognHamiyHoro giametpa vactuHok NI y BogHi cycneHsii 34incHeHo
METOAOM AMHAaMIYHOro PO3CitoBaHHS CBiTNa. TBapuHM eKCnepuMeHTarnbHOI rpynu ynpo-
OOBX 6 TWXHIB oTpumyBanu cycnensito MMy nuTHin Bogi (B Ao3i 2,5 mr/kr wono6oso).
TeH30MeTpUYHI focnigM NPOBOAMIIM B i30OMETPUYHOMY PEXMMI peecTpaLlii Ha i30nboBa-
HUX NpenapaTax KinbLUeBUX rmageHbKux M’si3iB aHTparbHOro Biadiny wnyHky (antrum)
i cninoi knwkn (caecum) wypis. CNOHTaHHI CKOPOYEHHSA aHani3yBanu MeTogoM MexXaHo-
KIHETUYHOrO aHanidy i3 po3paxyHKoOM CUSTOBUX, YACOBMX, LUBUAKICHMX Ta iMMNYNbCHUX
napameTpiB.

Pe3ynksraTn. CycneHsis noninponineHy mMictuna 4yacTmHkn o 4 MkM, i3 Hux 34,1%
YacTMHOK Manu po3aMmip <1 MKM. TpuBane nepoparnbHe HagxooKeHHsi B opraHiam [l
CYNpPOBOOKYBarocs NopyLUEeHHAM CMOHTAHHOI CKOPOYyBasibHOT aKTUBHOCTI MMaAeHbKUX
M’'A3iB antrum i caecum: 3HWXEHHSIM 4acTOTW i MOAyNAUil MeXaHOKIHETUYHUX napa-
MEeTpIB OKpPeMUX CKOpOYeHb. Y BUNAAKy M’S3iB anfrum CyTTEBO 3pocTanu CUrosBi Ta
LWBMAKICHI MapameTpu; YacoBi NapameTpu Oynu HMKYMMMU 3a KOHTPOIbHI; iMMYNbCHi
napameTpu 3anuwanuca 6e3 3miH. MexaHOKIHETUYHI NapamMeTpyu CMOHTAHHMX CKOpPO-
YeHb caecum 3a il M 3a3HaBanu Takux 3MiH: 3HAYHO 3pOCTanu CUIOBI NapamMeTpu
amnniTygu i a3y CKOPOYEHHS, BCi YacOoBi 1 iMMNyNbCHI NapaMeTpu, ToAi SK LWBUAKICHI
napameTpu Bynn CyTTEBO 3HMKEHI.
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BucHoBok. Tpuane HagxomkeHHs B opradiam MHI1 noninponineHy cnpuynHse
3MiHY 4acTOTM CMOHTaHHUX CKOPOYEHb MafdeHbKUX M’A3iB, MMOBIPHO, BHACMIAOK NOpy-
LWEHHS (DYHKLIOHYBaHHSA NenCMenKepHUX KIiTUH, a 3MiHy amnniTygHWx napameTpis —
MMOBIPHO, BHACIAOK Al Ha rmageHbKoOM'a30Bi KMiTUHK.

Knroyoei crioga: cymill HaHoO- i MiKpOMnacTuKy, NONiNpPonineH, rmageHbki M’a3u,
aHTpanbHWI BIAAIN LWMAYHKY, Crina KMLWKa, COHTaHHI CKOPOYEHHS,
MeXaHOKIHETUYHI NapameTpu
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