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Background. Polypropylene ranks first in terms of world production among primary
plastics. It is known that with prolonged intake into the body, polypropylene particles
cause an increase in the total level of pro-inflammatory cytokines, lead to inflammation
of the intestinal tissue and disruption of the intestinal barrier. In previous experiments,
we showed that prolonged oral administration of a suspension of polypropylene parti-
cles causes changes in the frequency and strength of spontaneous contractions of the
smooth muscles of the stomach and large intestine of rats. The aim of this work was to
investigate the contractions of smooth muscles of the antrum and caecum induced by
the activation of voltage-gated Ca?*-channels, muscarinic and nicotinic acetylcholine
receptors, as well as the release of Ca?" ions from intracellular stores during long-term
oral consumption of polypropylene.
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Materials and Methods. The experiments were conducted on female Wistar
rats. The suspension of polypropylene particles was prepared from disposable dishes
according to the Roursgaard method with minor modifications. The experimental group
animals received a suspension of a mixture of polypropylene nano- and microparticles
(with an average hydrodynamic diameter of 1.4 uym) in drinking water (at a dose of
2.5 mg/kg daily) for 6 weeks. The contractile activity of the preparations of the circular
smooth muscles of the antrum and caecum was activated by: high-potassium solution
(80 mM), the agonist of muscarinic cholinergic receptors acetylcholine (10° M), the
activator of the L-type voltage-gated Ca?*-channels BayK 8644 (10 M), the agonist of
nicotinic cholinergic receptors nicotine (10 M), and the activator of ryanodine-sensitive
Ca?-channels of the sarcoplasmic reticulum caffeine (0.02 M). Contractile activity was
recorded in isometric mode and analyzed by the method of Kosterin—-Burdyga mecha-
nokinetic analysis with the calculation of normalized maximum velocities of the contrac-
tion (V) and relaxation (V,,) phases.

Results. It was found that with prolonged oral intake of polypropylene particles,
there is a significant increase in the amplitude of contractions of the antrum and caecum,
activated by high-potassium solution and BayK 8644, due to increased influx of Ca?*
ions into myocytes through L-type voltage-gated Ca?*-channels. Also, under these con-
ditions, an increase in contractions of the anfrum and caecum, activated by acetyl-
choline and nicotine, is observed due to increased cholinergic neurotransmission both
at the level of enteric neurons and smooth muscle cells. With prolonged exposure to
polypropylene particles, a significant increase in caffeine-induced contractions of both
types of muscles is observed, caused by the release of Ca?" ions from the sarcoplas-
mic reticulum. In the case of various contraction inducers, a significant decrease in
the normalized maximum velocity of the relaxation phase was observed, likely due to
a decrease in the efficiency of Ca?* ion extrusion from myocytes.

Conclusions. Long-term oral administration of polypropylene particles induces
a significant increase in contractile responses of the circular smooth muscles of the
stomach and large intestine, caused by the pathways of electro- and pharmaco-
mechanical excitation-contraction coupling and the release of excitatory neurotransmit-
ters from enteric neurons, and also probably inhibits the systems of active pumping of
Ca?" ions from myocytes.

Keywords: mixture of nano- and microplastics, polypropylene, smooth muscles,
gastrointestinal  tract, voltage-gated Ca?"-channels, cholinergic
transmission, ryanodine receptors, contraction, mechanokinetic analysis

INTRODUCTION

Environmental pollution with plastic waste has currently reached an extremely large
scale, and this critical situation has several objective reasons. Firstly, as a result of the
inclusion of plastics in virtually all industrial processes, prerequisites are created for
a rapid growth in the production of these substances. Thus, compared to the production of
2 million tons of plastics in 1950, by 2015, over 8300 million metric tons of primary plastic
had been produced in the world, and its annual production volume is over 400 million
metric tons (Geyer et al., 2017; Symeonides et al., 2024). Secondly, biodegradable plas-
tics account for up to 1 % of total production, and the volumes of recycling and disposal
of plastic waste are currently limited to a level of about a quarter of the amount produced
in economically developed countries and less than 10 % globally (Geyer et al., 2017).
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Therefore, according to the Minderoo-Monaco Commission on Plastics and Human
Health for 2023, the global accumulation of plastic waste in the environment is over
6 gigatons (Landrigan et al., 2023).

In the environment, under the influence of physicochemical factors, plastic frag-
ments degrade into smaller particles (destruction under the influence of mechanical
impacts and freezing-thawing, photodegradation under the influence of the ultraviolet
part of the solar spectrum, etc.): microplastics (particle size within 1 ym — 5 mm) and
nanoplastics (particle size less than 100 nm or less than 1 um) (Geyer et al., 2017;
Kadac-Czapska et al., 2023; Ziani et al., 2023; Symeonides et al., 2024). Thus, con-
ditions are created for the penetration into the organisms of humans and animals of
a mixture of small fragments of plastics — micro- and nano-plastics (MNPs), where
MNP particles primarily exert a physical effect, damaging epithelial cells of the intestine
and respiratory tract, and causing activation of immune processes, induction of oxida-
tive stress, and disruption of the microbiome (Sun et al., 2024; Winiarska et al., 2024;
Bishop et al., 2025; Cheng et al., 2025). When penetrating through histohematic barri-
ers, MNPs accumulate in tissues, concentrating especially in the intestines, liver, kid-
neys, and lymphoid organs (Cheng et al., 2025; Dzierzynski et al., 2025). The degree of
toxic effect of MNPs depends on the morphology of the particles: irregularly shaped and
sharp fragments cause significantly greater cell damage, particularly causing hemolysis
of erythrocytes, enhanced immune response, and a 20-fold increase in the release of
pro-inflammatory cytokines (Chen et al., 2026). Also, serious toxic effects on the body
are exerted by additional components of plastics (plasticizers, flame retardants, bisphe-
nols, pigments, polyfluoroalkyl substances), which are mostly non-covalently bound to
the polymer base (Geyer et al., 2017).

MNPs enter the body through the respiratory tract and gastrointestinal tract (GIT);
it is not ruled out that small amounts of nanoplastics can also enter transdermally (World
Health Organization, 2022). In the case of MNP entry into the GIT, depending on their
size, they can translocate into the body through mechanisms of endocytosis (up to
500 nm), uptake by intestinal macrophages (up to 1 um), or through microfold cells in
Peyens patches (Deloid et al., 2021; World Health Organization, 2022; Agrawal et al.,
2024; Brouwer et al., 2024). According to Senathirajah (2021), on average, human
consumption of microplastics ranges from 0.1 to 5 grams per week, and under typical
dietary conditions, polypropylene and polyethylene are the predominant types of MNPs
detected in human biological samples (Senathirajah et al., 2021).

Among non-fibrous plastics, polypropylene accounts for about 21 % of global pro-
duction volume, second only to polyethylene, and ranks first (16 %) in the production of
primary (non-recycled) plastics (Landrigan et al., 2023). To date, a significant amount of
data has been accumulated regarding the pathological effects of polypropylene nano-
and microparticles on the digestive tract. Particles of plastics, particularly polypropylene,
are a factor inducing inflammatory bowel diseases up to the development of colorectal
cancer (Hwang et al., 2019; Park et al., 2023; Bruno et al., 2024; Djouina et al., 2026).
Thus, in a model of chronic oral intake for a month in mice, a mixture of polypropy-
lene, polyethylene terephthalate, polystyrene, and polyethylene was accompanied by
changes in the transcriptome of the large intestine with a downregulation of heat shock
proteins, an increased susceptibility to inflammation and oncogenesis (Djouina et al.,
2026). According to H. J. Gan et al. (2025), oral intake of polypropylene particles in mice
is accompanied by an increase in the levels of pro-inflammatory markers in blood plasma
(C-reactive protein, tumor necrosis factor o (TNF-a), and interleukin 10), in tissues
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of the ileum (interleukin 1B, TNF-a, malondialdehyde, and superoxide dismutase) and
colon (interleukin 13, TNF-a, and superoxide dismutase), as well as a decrease in the
expression of tight junction proteins in the ileum (occludin, Zo-1, and claudin-4) and
colon (occludin and Zo-1). At the same time, manifestations of endotoxemia (increased
level of bacterial lipopolysaccharide in blood plasma) are observed (Gan et al., 2025).
Therefore, polypropylene particles cause an increase in the overall level of pro-inflam-
matory cytokines, lead to inflammation of the intestinal tissue, and disrupt the intestinal
barrier. Also, in our previous studies, it was shown that prolonged oral consumption
of a suspension of polypropylene MNPs causes changes in the frequency and force
of spontaneous contractions of smooth muscles of the stomach and large intestine
of rats (Shulha et al., 2026).

Until now, the effects of long-term MNP intake on the mechanisms of excitation-
contraction coupling in the smooth muscles of the GIT remain understudied; therefore,
the aim of this work was to investigate the contractions of smooth muscles of the antrum
and caecum induced by the activation of voltage-gated Ca?* channels, muscarinic and
nicotinic acetylcholine receptors, as well as the release of Ca?* ions from intracellular
stores under long-term oral consumption of polypropylene.

MATERIALS AND METHODS

Work with laboratory animals. The experiments were performed on female Wistar
rats maintained on a standard diet and under standard vivarium conditions of the Taras
Shevchenko National University of Kyiv, with free access to food and water. All manipu-
lations with rats were carried out in accordance with the International Convention for
the Protection of Animals and the Law of Ukraine “On the Protection of Animals from
Cruelty” (the Minutes of the Bioethics Commission of the Taras Shevchenko National
University of Kyiv No. 8 dated December 26, 2024). Euthanasia of rats was carried out
by hypoxia induced by carbon dioxide (CO,).

The algorithm for loading the rat body with a suspension of polypropylene micro-
and nanoparticles was chosen according to the experimental protocols described in
publications (Jin et al., 2019; Li et al., 2020; Shulha et al., 2026). In the experiments,
16 rats were used (at the beginning of the experiment, the age of the animals was
8 weeks): a control group (6 animals) and an experimental group (10 animals). Rats
of the experimental group received a suspension of polypropylene particles in drinking
water (at a dose of 2.5 mg/kg daily) for 6 weeks.

The preparation and characterization of the polypropylene particle aqueous sus-
pension was described in a previous publication (Shulha et al., 2026). The suspension
had an average hydrodynamic diameter of 1.4 um; the particles were distributed in the
range of 446 nm (4.4 %) —4.02 um (1.5 %), and 44.2 % of them had the average diame-
ter of 1.34 um (Shulha et al., 2026).

Study of the contractile activity of smooth muscle preparations of the stom-
ach and intestine. To study the contractile activity, preparations (with an average size of
2x10 mm) of circular smooth muscles of the antrum and caecum were used. In the experi-
ments, Krebs solution was used (mM): 120.4 NaCl; 5.9 KCI; 15.5 NaHCO,; 1,2 NaH,PO,;
1,2 MgCl,; 2,5 CaCl,; 11.5 glucose; the pH of the solution was 7.4.

When preparing muscle preparations, the antrum and caecum, carefully washed
with Krebs solution, were freed from the mucous membranes using microinstruments
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under a binocular microscope and cut in the circular direction of the arrangement of
muscle fibers. Muscle preparations were stored in Krebs solution (at 4—6 °C) for no
more than 24 h and used in tensiometric studies; the registration of functional activity
was carried out in isometric mode. The working chamber of the tensiometric equipment
was thermostated at 37°C and had an effective volume of 2 mL; the flow rate of the
Krebs solution was fixed at 8 mL /min. Muscle preparations were given a passive load
of 10 mN and left for at least 1 h until spontaneous contractions of a constant pattern
appeared. Subsequently, contractions of the preparations were induced several times
(with a washing time of 15 min) with a high-potassium solution (80 mM), which was
prepared by equimolar replacement of part of Na* ions with K*ions.

In the study, acetylcholine (10° M), an activator of L-type voltage-gated Ca?*-
channels BayK 8644 (10 M), nicotine (10* M), and an activator of ryanodine-sensitive
Ca?*-channels of the sarcoplasmic reticulum caffeine (0.02 M) were used, all substances
manufactured by “Sigma” (USA).

Mechanokinetic analysis of contractions. Analysis of contractions of the antrum
and caecum preparations was carried out according to the Kosterin—Burdyga mechano-
kinetic analysis method (Burdyga & Kosterin, 1991). According to the method, in the

coordinates:
{|n (MJ, In t}
f t

where f—is the value of the contractile force at time tand £, — is the contraction ampli-
tude). The contraction phase was defined as the mechanogram fragment from the start
of the force increase to its maximum value f__,, and the relaxation phase was the part
of the spontaneous contraction from f__, until the force returned to the baseline level.
From the linearized plots, parameters were determined: n — the slope coefficient,
and 1 — the characteristic time. Subsequently, these parameters were used to calculate
the normalized maximum velocities of the contraction (V. ) and relaxation (V,,) phases.
The general formula for calculating the normalized maximum velocity is as follows:
n+1

(n=1)7 -(n+1)
4nt

V. =

n

Statistical analysis. MS Excel and OriginPro 2021 software were used for statisti-
cal analysis and calculation of mechanokinetic parameters. Samples were checked for
normality using the Shapiro-Wilk test. Homogeneity of variances between the control
and experimental samples was assessed using Fisher’s F-test. To determine significant
differences between the mean values of the samples, a two-tailed t-test for independent
groups with equal or unequal variances was employed.

The goodness of fit for data linearization with a linear function during mechanoki-
netic analysis was evaluated using Fisher’s test; in all cases, the coefficients of determi-
nation (R?) were not lower than 0.96.

In all instances, results were considered significant at a probability value of p < 0.05.
The results are presented as arithmetic mean * standard error of the mean, where
n represents the number of experiments.
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RESULTS AND DISCUSSION

Modulation of voltage-gated Ca?* entry into myocytes. Upon activation of the
contractile activity of gastrointestinal smooth muscles, the main source of Ca?" ions
is the extracellular environment, from which these cations enter the myoplasm pre-
dominantly through voltage-gated Ca?*'-channels (VGCCs), represented by L-type
channels in functioning myocytes. Application of a high-potassium solution (HPS) to
muscle preparations serves as a convenient model for studying Ca?* entry processes
via VGCCs. Under HPS action, depolarization of the plasma membrane of myocytes
occurs, triggering Ca?* entry through VGCCs and, consequently, a sustained contrac-
tion (the so-called electromechanical excitation-contraction coupling model) (Kirschstein
et al., 2009; Ali et al., 2016). Since our previous study revealed a significant increase in
the amplitude of individual spontaneous contractions of the stomach and large intestine
of rats that consumed a PP suspension for a long time, enhanced entry of Ca?* ions
into the cell myoplasm can be anticipated, particularly via the electromechanical coup-
ling mechanism (Maselli et al., 2012; Sharma & Buist, 2024; Simmonds et al., 2024).
Therefore, in the first stage, we investigated contractions induced by HPS application in
circular smooth muscle preparations of the gastric antrum and caecum of rats.

Itwas found that in the case of smooth muscles of the antrum and caecum of rats that
received the MNP PP suspension for 1.5 months, the amplitude of contractions activated
by HPS (80 mM) increased relative to control values to an average of 181.9 + 13.9 %
and 189.1 £4.0 % (p < 0.01), respectively (Fig. 1A). In both cases, the tonic component
of contractions remained at the control level, amounting to 123.2 + 12.1 % (p > 0.05) in
the antrum and 118.5 + 3.5 % (p > 0.05) in the caecum (Fig. 1B).

Similar to spontaneous contractions (Shulha et al., 2026), under PP action, the
time to reach the maximum force value (¢,,,) of HPS-induced contractions increased
significantly; this effect was particularly pronounced in the stomach. Thus, in the smooth
muscles of the antrum, the t__, parameter reached 261.2 + 20.3 % (p < 0.01), whereas
in the caecum it averaged 140.0 = 5.7 % relative to the control (p < 0.05).

Since important parameters characterizing the process of force rise and fall are
the amplitude-independent normalized maximum velocities of the contraction (V,.)
and relaxation (V.) phases (Burdyga & Kosterin, 1991), this study analyzed these
parameters in the control and under PP action. It was established that in the case of
the antrum smooth muscles, both velocity parameters decreased significantly, reaching
51.4 £ 6.3 % and 41.8 £ 13.7 %, respectively (in both cases p < 0.01). HPS-induced
contractions of the caecum were characterized by V., and V,, parameters at levels of
93.2+9.1 % (p > 0.05) and 39.0 + 15.0 % (p < 0.01), respectively (Fig. 1C).

Since we observed a significant enhancement of HPS-induced contractions under
PP action, we can assume that long-term oral administration of the MNP PP suspension
induces changes in smooth muscles of the stomach and large intestine, accompanied by
the activation of electromechanical coupling processes. To confirm that these changes
specifically involve enhanced entry of Ca?* ions through VGCCs, we next compared
contractions induced by the L-type VGCC activator BayK 8644 (10 M) in muscles
of control animals and animals exposed to long-term PP influence. It was found that
in the group of rats receiving PP, BayK 8644-induced contractions of the antrum and
caecum increased to 258.3 + 20.35 % and 341.7 + 24.49 %, respectively (in both cases
(p < 0.01). Similar to HPS-induced contractions, the tonic component did not change
under the effect of PP (Fig. 1A and B). Consequently, long-term oral intake of PP
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particles induces changes in the smooth muscle tissue of the GIT walls, in which case
a significant increase in Ca? ion entry via L-type VGCCs into myocytes is observed.
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Fig. 1. Mechanokinetic parameters of contractions of the rat antrum and caecum circular smooth muscles
induced by a high-potassium solution (HPS, 80 mM) and BayK 8644 (10-* M) under control conditions
and following long-term oral administration of polypropylene (PP) nano- and microparticle suspension:
A — contraction amplitude (phasic component); B — tonic component of contractions calculated as
a percentage of the amplitude; C — normalized maximum rates of contraction (V, ) and relaxation (V)
phases of HPS-induced contractions. n = 6-10; * — p < 0.05; ** — p < 0.01; *** — p < 0.001 — significant
difference relative to the control

Modulation of cholinergic neurotransmission. Acetylcholine is the primary exci-
tatory neurotransmitter in the smooth muscles of GIT walls. It is capable of mediating the
process of pharmacomechanical excitation-contraction coupling by directly activating
muscarinic acetylcholine receptors in the membranes of myocytes and interstitial cells
of Cajal. Furthermore, at the level of intramural nerve ganglia, it acts on nicotinic ace-
tylcholine receptors of postganglionic neurons, triggering the release of various neuro-
transmitters from neurons of the intramural plexus (lgarashi-Hisayoshi et al., 2023; Kohl
et al., 2023; Zholos et al., 2024). In the next stage, we investigated the properties of
acetylcholine-mediated processes in the smooth muscles of the antrum and caecum of
rats subjected to long-term oral MNP PP suspension intake.
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It was established that a long-term action of PP particles results in the activa-
tion of contractions of the anfrum and caecum caused by acetylcholine application
(10% M). Thus, the amplitude of these contractions relative to control values averaged
169.4 + 6.8 % in the antrum and 186.2 + 4.2 % in the caecum (in both cases (p < 0.01)
(Fig. 2A). As with HPS-activated contractions, under PP action, the tonic component
of acetylcholine-induced contractions of both muscles did not differ from control values
(Fig. 2B), while the time to reach the maximum value (¢,,,) increased substantially:
in the anfrum to an average of 560.3 + 10.8 % (p < 0.001), and in the caecum to an
average of 195.5 + 2.3 % (p < 0.01).
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Fig. 2. Mechanokinetic parameters of contractions of the rat antrum and caecum circular smooth muscles
induced by acetylcholine (ACh, 10° M) under control conditions and following long-term oral
administration of polypropylene (PP) nano- and microparticle suspension: A — contraction amplitude
(phasic component); B — tonic component of contractions calculated as a percentage of the amplitude;
C — normalized maximum rates of contraction (V,,) and relaxation (V,,) phases of ACh-induced
contractions. n = 6-10; * — p < 0.05; ** — p < 0.01; *** — p < 0.001 — significant difference relative to
the control

Also, under MNP action, a significant decrease in the normalized maximum veloci-
ties of the contraction and relaxation phases was observed. Thus, V.. and V. parame-
ters in the antrum smooth muscles were 24.3 + 18.4 % and 15.7 + 9.7 %, respectively
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(in both cases p < 0.001), and in the caecum smooth muscles — 65.4 + 4.7 % (p < 0.05)
and 19.3 + 3.2 % (p < 0.001), respectively (Fig. 2C). Therefore, under long-term in vivo
action of the PP particle suspension, an enhanced response to the parasympathetic
neurotransmitter acetylcholine is observed in the smooth muscles of the digestive tract.

Next, the effects of nicotine, a nicotinic acetylcholine receptor agonist, were inves-
tigated. Nicotine application (10 M) to smooth muscle preparations in the control group
elicited a biphasic response: an initial relaxation followed by a phasic contraction. Under
the influence of the PP particle suspension, an increase in the amplitude of nicotine-
activated contractions of the antrum smooth muscles (to an average of 286.2 + 21.3 %,
(p <0.01) and the caecum smooth muscles (to an average of 405.7 + 6.1 %, (p < 0.001)
occurred (Fig. 3A). Under these conditions, the parameters of the tonic components of
contractions also increased (Fig. 3B).
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Fig. 3. Mechanokinetic parameters of contractions of the rat antrum and caecum circular smooth muscles
induced by nicotine (NC, 10 M) under control conditions and following a long-term oral administration
of polypropylene (PP) nano- and microparticle suspension: A — contraction amplitude (phasic
component); B — tonic component of contractions calculated as a percentage of the amplitude;
C — normalized maximum rates of contraction (V,,) and relaxation (V,) phases of NC-induced

contractions. n = 6-10; * — p < 0.05; ** — p < 0.01; *** — p < 0.001 - significant difference relative to
the control
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Interestingly, unlike HPS- and acetylcholine-induced contractions, a decrease in
the ¢, parameter was observed in the case of nicotinic contractions. In the antrum
smooth muscles, it averaged 43.8 + 16.3 % (p < 0.05), and for the caecum preparations,
it equaled an average of 39.0 + 28.4 % (p < 0.05). Furthermore, in the case of these
contractions, the normalized maximum velocity parameter V,_ in the anfrum muscles
showed a tendency to increase (144.4 + 25.6 %, p > 0.05), while in the caecum mus-
cles, it increased significantly (354.1 £+ 14.8 %, p < 0.01). The normalized maximum
velocity parameter of the relaxation phase V., decreased, amounting to 11.6 + 7.2 in
the antrum muscles (p < 0.01) and an average of 35.2 £ 27.5 in the caecum muscles,
(p < 0.05) (Fig. 3C).

Thus, during long-term in vivo exposure to a polypropylene particle suspension,
an enhanced contribution of cholinergic regulation to gastric and colonic motility is
observed in the smooth muscles of the digestive tract.

Modulation of Ca? release from the sarcoplasmic reticulum. As shown above,
long-term intake of MNP PP into the organism causes an enhancement of electrome-
chanical and pharmacomechanical excitation-contraction coupling processes (Maselli
et al., 2012; Sharma & Buist, 2024; Simmonds et al., 2024). However, it must be taken
into account that the entry of Ca?* ions into the cell triggers the release of these cations
from the intracellular store of the sarcoplasmic reticulum via ryanodine-sensitive Ca?*
channels (RyRs). This is the so-called process of Ca?*-induced Ca?" release (Hennig
et al., 2002; Leybaert & Sanderson, 2012). Intensification of this process might be one
of the reasons for the enhanced contractile activity of muscles. Therefore, in the next
stage, we investigated contractions of the antrum and caecum smooth muscles induced
by the RyR activator caffeine (20 mM).

It was found that the smooth muscles of rats exposed to long-term in vivo action
of the polypropylene particle suspension exhibit a significantly greater response to caf-
feine. Thus, an average amplitude of muscle contractions in the anfrum and caecum
was 553.4 + 11.7 % (p < 0.001) and 400.5 + 22.4 % (p < 0.001), respectively (Fig. 4A).
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Fig. 4. Mechanokinetic parameters of contractions of the rat antrum and caecum circular smooth muscles
induced by caffeine (CF, 0.02 M) under control conditions and following long-term oral administration
of polypropylene (PP) nano- and microparticle suspension: A — contraction amplitude (phasic
component); B — normalized maximum rates of contraction (V) and relaxation (V,,) phases of CF-
induced contractions. n = 6-10, * — p < 0.05, ** — p < 0.01, *** — p < 0.001 - significant difference
relative to the control

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) ¢ bionoriuHi CTyaii / Studia Biologica e 2026 ¢ Tom 20 / Ne 3 e C. 39-54



MECHANISMS OF CHANGES IN THE CONTRACTILE ACTIVITY OF SMOOTH MUSCLES OF THE GASTROINTESTINAL TRACT... 49

Also, under MNP action, a decrease in the normalized maximum velocities of the
contraction and relaxation phases was observed. Specifically, V,, and V,, parameters
in the antrum smooth muscles were 78.5 + 13.3 % and 42.2 + 22.8 % respectively
(p < 0.05), and in the caecum smooth muscles — 38.7 + 22.1 % and 37.1 £ 27.9 %,
respectively, (p < 0.05) (Fig. 4B). Consequently, a long-term in vivo action of the poly-
propylene particle suspension in the smooth muscles of the digestive tract also induces
the activation of Ca?" ion release processes through RyRs, which can likewise cause
a substantial increase in smooth muscle responsiveness to both depolarization and
excitatory neurotransmitters of the intramural nervous system.

Our study first revealed the individual mechanisms by which the motor function
of the smooth muscles of the digestive tract is impaired with prolonged daily intake of
a mixture of polypropylene nanoparticles and microparticles. The results obtained may
have practical implications for the development of strategies for directed normalization
of gastrointestinal motility in the presence of disorders associated with prolonged oral
exposure to microplastics, including inflammation, dysbacteriosis, endotoxemia, and
impaired intestinal barrier function. In the future, it is promising to study the mechanisms
of functioning of the smooth muscles of the gastrointestinal tract with prolonged daily
intake of other most common environmental plastic pollutants, in particular, polyethy-
lene, polyethylene terephthalate and polystyrene.

CONCLUSIONS

Regular prolonged intake of a suspension of nano- and micro-sized polypropylene
particles into the body is accompanied by activation of excitation-contraction processes
via electro- and pharmacomechanical coupling in the smooth muscles of the stomach
and large intestine. Under these conditions, there is an increase in the influx of Ca?
ions through the L-type VGCCs, a significant increase in the amplitude of acetylcholine-
induced contractions, as well as contractions caused by the release of these cations
through RyR from the sarcoplasmic reticulum. Also, under the action of MNP, the acti-
vation reactions of smooth muscles to nicotine application were significantly enhanced.
The decrease in the normalized maximum velocity of the relaxation phase, which was
observed in the case of various contraction inducers, can probably be associated with
a decrease in the efficiency of extrusion of Ca?* ions from myocytes under prolonged
action of PP.

Thus, prolonged oral intake of PP into the body causes a violation of the contractile
function of the smooth muscles of the stomach and large intestine, the mechanisms
of which are the enhancement of potential- and receptor-dependent processes of the
influx of Ca?* ions into smooth muscle cells, as well as the inhibition of the pumping of
these cations from the myoplasm.
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MEXAHI3MW 3MIH CKOPOYYBANbHOI AKTUBHOCTI MAJEHbKUX M’A3IB
LLJTYHKOBO-KULWWKOBOI'O TPAKTY LLYPIB 3A TPUBAJIOIO HAOXOMXKEHHA
B OPrAHI3M CYMILWI HAHO- | MIKPOYACTUHOK MONIMPOMINIEHY

Mapis Llynb2a', OnekcaHdp YyHixiH?, leaH BolimeuwieHKO',

AHApili Cubipruli®, Tamapa [asudoeckka', Cepzili ByHak', Bonodumup BoHdap',
Xpucmuna LLlotoma*, KOpiti CninvyeHko', Onbea Jum6bantok'

' Kuiscbkuli HaujoHanbHUl yHieepcumem imeHi Tapaca LLlesyeHka

8yn. Bonodumupcska, 64/13, Kuis 01601, YkpaiHa

2 [Hemumym 6ioximii im. O. B. lNMannadiHa HAH YkpaiHu, syn. JlleoHmosuya, 9, Kuie 01601, YkpaiHa
3 [IHIT “Nbsiecbkuli HauioHanbHUl MeduyHUl yHisepcumem imeHi JaHuna anuuybko20”

eyn. lNekapcbka, 69, Jlbeie 79010, YkpaiHa

4 Jlbsiscbkull HayioHanbHUl yHieepcumem iMeHi IsaHa ®paHka
syn. Cidosux Cmpinbuyig, 19, llbeie 79000, YkpaiHa

O6rpyHTyBaHHA. [oninponineH 3a obcsarom CBITOBOro BUpOOHULTBA cepen nep-
BMHHMX MNNAacTUKIiB 3aMMae neplue micue. Bigomo, Wwo 3a TpMBanoro HagXOMKEHHS
B OpraHiaMm YaCTWHKM NOMINPONifieHy CrpUYMHSIOTL 3POCTaHHS 3aranbHOro PiBHS Mpo-
3ananbHUX LUTOKIHIB, CNPUYMHAIOTE 3ananeHHs TKaHWHU KMLLeYHUKa i Npu3BoasTb A0
MOpPYLUEHHSA KMLIKOBOro Gap’epy. Y nonepegHix gocnigax mu 3’'sicyBanu, WO Tpusane
nepoparnbHe BXueaHHsA cycnensii MHI noninponineHy cnpuynMHsae 3amiHy 4acTtoTu i cunu
CMOHTaHHMNX CKOPOYEHb MMafeHbKMX M’A3iB LLYHKY | TOBCTOrO KMLLEeYHrKa LwypiB. MeToto
uiei pobotn Gyno AOCNIAWTM CKOPOYEHHS IMadeHbKMX M’S3iB aHTpanbHOro Bigainy
LUNYHKY Ta Crinoi KULLKK, iHOYKOBaHI akTMBaUjieto noTeHujiankeposaHux Ca?'-kaHanis,
MYCKapWUHOBWX i HIKOTUHOBMX XOMiHOPELENTOpPIB, @ TAKOX BUBINIbHEHHS iOHIB Ca?* 3 BHY-
TPILUHLOKMITUHHUX OENO, 3a TPUBANOro NepopanbHOro BXMBaHHS MONINpPOoninexy.

Marepianu Ta metoau. EkcnepnmeHTn NnpoBOAUNM Ha camkax LypiB niHii BicTap.
CycneHsito 4acTMHOK nomninponineHy rotyeanu 3 OAHOPA30BOro Mocydy 3a METO4O0M
Roursgaard i3 He3aHa4yHuMKn Mogundikauigsmu. TBapuHM ekcnepuMeHTanbHoT rpynu ynpo-
JOBX 6 TWXKHIB OTPMMYyBarnu CyCMneHsito CyMilli HaHO- i MIKpOYaCTUHOK NoslinponineHy
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(3i cepegHiM rigpognMHamiyHUM giameTpom 1,4 MKM) Y MUTHIM Bogi (B 403i 2,5 Mr/kr woao-
©00B0). Ckopo4yBarbHy akTUBHICTb NpenaparTiB KinbLeBUX rMaaeHbKNX M’s3iB aHTparnb-
HOro BigAiny WyHKy (antrum) i cninoi KULWKK (caecum) akTUBYBanu: rinepkanieBum pos-
ynHoM (80 MM), aroHicTOM MyckapUHOBUX XoriHopeLenTopie auetunxoniHom (10° M),
aKkTMBaToOpOM noTeHLUiankepoBaHux Ca?*-kaHanis L-tuny BayK 8644 (10¢ M), aroHictom
HIKOTMHOBMX XoriHopeLlenTopiB HikoTuHoM (104 M) i akTMBaTOpOM piaHOAUH-YYTIMBUX
Ca?*-kaHanie capkonnasmatuyHoro petukynymy kodgeiHom (0,02 M). CkopoudyBarnbHy
aKTMBHICTb PEECTpyBanu B i30OMETPUYHOMY PEXMMI N aHanisyBann MexaHOKIHETUYHUM
metogom KocTtepiHa—bypaurn i3 po3paxyHKOM HOPMOBaHMX MaKkCMMalibHUX LUBUOKO-
cTen da3 ckopodeHHs (V) i poscnabnenHs (V).

Pe3ynkTaTn. BcTaHOBNEHO, LLO 3a TPUBANOrO NepopanbHOr0 HAAXOMKEHHS Yac-
TMHOK MorinponineHy BiabyBaeTbCsl CYTTEBE 3POCTAHHS aMMIiTyaAn CKOpOYeHb antrum
i caecum, aKTMBOBaHWX rinepkanieBum po3dnHoMm i BayK 8644, BHacnigok nocusneHHs
HaOXOMXKeHHs ioHiB Ca?" y MiounTn Yyepes noteHuiankepoBaHi Ca?*-kaHanu. Takox 3a
LMX YMOB crnocTepiranu 36iNbLLIEHHA CKOPOYEeHb antrum i caecum, akTUBOBaAHUX aLe-
TUNXOMIHOM | HIKOTUHOM, Yepe3 MOCUSEHHS XONIHEPTIYHOT HEMPOTPAHCMICIT SIK Ha PiBHi
€eHTepanbHMX HEMPOHIB, TaK i Ha PiBHI MageHbKOM'A30BUX KITiTUH. 3a TpMBanoi aji yac-
TUHOK MoninponifieHy cnoctepirany 3Ha4yHe 3pOCTaHHA KOgeiH-iHAYKOBAHNX CKOPOYEHb
060ox TUNiB M’A3iB, 06YMOBMNEHMX BUMBINbHEHHSM ioHiB Ca?" 3i capkonnasmaTuyHOro
peTukynymy. Y pasi pi3HuMX iHAYKTOpIiB CKOPOYEHb CMOCTepirany cyTTeBe 3MEHLUEHHS
HOPMOBAaHOI MakCMMarbHOT LUBMAKOCTI ha3n po3crabneHHs, MMOBIPHO, BHACIAOK 3HN-
)KEHHs1 eheKTUBHOCTI eKcTpya3ii ioHiB Ca?" 3 miouuTiB.

BucHoBKu. TpuBane nepoparnbHe HagXOmKEeHHS YaCTUHOK NONinponineny iHaykye
3HaYyHe MOCUIEHHST CKOPOYYBaIbHMX BiAMOBIAEN KiNbLEBUX MMageHbKMUX M’S3iB LUITYHKY
i TOBCTOrO KMLUEYHMKA, CIIPUYMHEHNX LUNISAXaMKN eNeKkTpo- i hapMakomMexaHiyHoro cnpsi-
KEHHS1 30YIPKEHHS-CKOPOYEHHSA Ta BUBINbHEHHAM 30ymKyBanbHUX HENWpOMeniaTopis
3 eHTepasibHUX HENPOHIB, a TaKoX, iIMOBIPHO, MPUrHIYYE CUCTEMU aKTUBHOMO BUKaYy-
BaHHSA ioHiB Ca?* 3 MioLuUTIB.

Knroyoei cnnoea: rmageHbki M’'S131,  LUITYHKOBO-KULLIKOBUA TPaKT, CyMill HaHO-
i MikponacTuKy, noninponineH, noTeHuiankeposaHi Ca?'-kaHanu,
XoniHepriyHa TpaHCMicis, piaHOANHOBI peLenTopu, CKOPOYEHHS,
MeXaHOKIHETMYHUI aHarni3
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