Biol. Stud. 2017: 11(1); 5-16 ¢ DOI: https://doi.org/10.30970/sbi.1101.520 W !’

www.http://publications.Inu.edu.ua/journals/index.php/biology

UDC 577.353

NANOSIZED TITANIUM DIOXIDE MATERIAL.
MODULATION OF SPONTANEOUS MOTILITY AND GABA-DEPENDENT
REGULATION OF FUNCTIONS OF STOMACH SMOOTH MUSCLES IN VIVO

A. M. Naumenko', O. V. Tsymbalyuk', M. A. Skoryk?,

I. S. Voiteshenko', V. A. Skryshevsky', T. L. Davydovska'

Institute of High Technologies, Taras Shevchenko National University of Kyiv
64/13, Volodymyrska St., Kyiv 01601, Ukraine

e-mail: otsymbal@bigmir.net

2NanoMedTech LLC, 68, Antonovych St., Kyiv 03680, Ukraine

Electron scanning microscopy was used to obtain the image and identify the size of
TiO, nanoparticles. Using the tenzometric method in the isometric mode, it was estab-
lished that chronic effect of TiO, on stomach smooth muscles led to redistribution of the
amplitudes of spontaneous contractions in terms of their frequencies. An increase in
frequency of their contractions, decrease in the duration of contraction—relaxation cycle,
the disturbance of the asymmetry of the duration of contraction—relaxation development,
a reduction in Montevideo index of contractions and Alexandria index of contractions
were demonstrated. It was also shown the existance of the divergence in numerical va-
lues of frequency-amplitude complexes, TiO,-modified spontaneous contractive activity
of smooth muscles of stomach and caecum. In the conditions of long-term chronic influ-
ence (100 days), TiO, removes the regulatory mechanisms of depressing a release of
inhibition neuromediators from neurons of the intramural nervous interlacement, medi-
ated by GABA,- and GABA-receptors, in smooth muscles of stomach and caecum.

Keywords: stomach smooth muscle, titanium dioxide nanoparticles, mechanoki-
netics, GABA-dependent regulation, spontaneous and induced con-
tractions.

INTRODUCTION

Current development of high technologies, became the foundation for extensive
production of nanosized materials, in particular, titanium dioxide (TiO,), whose applica-
tion takes a large sector of different kinds of industry, including pharmacological indus-
try, the sphere of food production and medicine. This means that using TiO, in technolo-
gies, pertaining to microelectronics, biosensorics, production of plastic masses, creation
of dyes, biocompatible implant materials, medicinal preparations, food dyes (E171),
food products, others. Nanosized TiO, material is present in the form of three crystal
structures: rutile, anatase, and brookite, but the first two forms are predominantly used
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in the industrial production (usually in the form of their mixture with different stoichio-
metry of components) [18, 24]. TiO, used in the form of anatase is much more chemically
active, compared to rutile; when exposed to ultraviolet, it generates reactive oxygen
intermediaries [10, 15]. Similar effects occur inside the tissue cells due to the interaction
between TiO, nanoparticles and macromolecules [7, 17]. The intake of TiO, to human
organism takes place with food, water, and air, and the main ways of its transportation
are gastrointestinal tract (average daily amount of consumed TiO, (0.002-5) mg and
respiratory tracts (daily amount of consumed TiO, — 0.0007 mg) [14, 16, 22], which in
the global practice may already be referred to the nanohazard problems in the sphere
of Environmental and Health Safety (protection of environment and human health from
harmful impact of some objects, including nanoscaled). Our studies, conducted in vitro
using stomach smooth muscles (SM) [19], demonstrated that nanosized TiO, material
changed the energetic and calcium homeostasis of smooth muscle mitochondria, the
conductivity of their plasmatic membrane for Ca* and cholinergic excitation. At the
same time, the mechanisms of releasing these cations from rianodine- and IP,-sensitive
stores of sarcoplasmic reticulum were not sensitive to the impact of TiO,. It was demon-
strated [21] that in vitro TiO, in smooth muscles of large intestines modulated histamine
and nicotine-induced mechanisms of regulating its functional activity. It was stated that
the intake route of nanosized TiO, material to human organism via the gastrointestinal
tract is the most probable, and food impact in the gastric cavity is the longest compared
to other gastrointestinal tract parts. The aim of this work was to study changes in vivo in
spontaneous motility and GABA-dependent regulation of functions of stomach smooth
muscles, caused by chronic effect of nanosized TiO, material.

MATERIALS AND METHODS

8-week-old Wistar rats of both genders were used for in vivo experiments. The rats
were kept in standard conditions of the vivarium (room temperature of 20+2 °C, relative
humidity — 50-70 %, light-darkness cycle — 12:12 h). All manipulations with animals
were carried out in accordance with the International Convention of animals and the
Law of Ukraine “On protection of animals from cruelty”. Protocol N 2 (October 20, 2016)
of the meeting of Bioethics Committee of Educational and Scientific Centre “Institute of
Biology and Medicine” Taras Shevchenko KNU. Killing of animals carried out by the in-
jection of lethal dose of anesthetic protocol (Sigma).

TiO, nanoparticles were dispersed in the distilled water using ultrasound for 15 min;
to obtain the homogenic suspension the latter was additionally stirred with the mecha-
nical stirrer prior to each use. The intragastric dose was selected according to the data
about the intake of TiO, with food products in Great Britain: 5 mg per person daily, that
is equivalent to 0.1 mg/kg of weight per day [22]. Due to this, every day the rats were
intragastrically administrated the suspension of TiO, with the consideration of 0.1 mg/kg
in the first experimental group for 30 days and in the second experimental group for
100 days. The bodyweight of rats was estimated every 4—6 days.

The experiments were conducted using the isolated preparations of circular smooth
muscles of rats’ antrum, loaded with TiO,. The registration of spontaneous contractibility
of smooth muscle stripes (SMS) of caecum and myometrium was performed by the
tenzometric method in the isometric mode with the following calculations: frequencies
of preparation contractions for 10 min; averaged value of contraction-relaxation cycle;
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duration of some contraction fragments: contraction phase, relaxation phase; asymme-
try coefficient; Montevideo index of contractions (MU); Alexandria index (AU) of contrac-
tions. The method [4, 11] was also used to conduct the kinetic analysis of spontaneous
contractions-relaxations of muscle preparations and the ones, induced by high potas-
sium Krebs solution, with the estimation of normalized maximal velocities of contrac-
tions (V,.) — relaxations (V).

The performed experiments involved the use of normal Krebs solution (NRS) with the
following concentration of components (in mmol/l): NaCl — 120.4; KCI — 5.9; NaHCO, -
15.5; NaH,PO, — 1.2; MgCl,— 1.2; CaCl, - 2.5; glucose — 11.5; pH 7.4. High potassium
Krebs solution with the concentration of K*ions (80 mmol/l) was prepared by replacing
the required amount of Na* ions in standard Krebs with the equimolar amount of K* ions.
Acetylcholine in concentration of 10° mol/l (Sigma-Aldrich) was also used in the experi-
ments; gamma-aminobutyric acid (GABA) was used in oncentrations of (10-°*-~10-°) mol/|
(Sigma-Aldrich).

Statistical analysis of the experiment results was performed using OriginPro 8
program. The unpaired version of Student’s t-test was used to determine the reliable
differences between the mean values of two samples. Multiple comparisons were per-
formed using the parametric one-way ANOVA. The results were considered significant
on condition of the probability value of p under 5 % (p < 0.05). The results were pre-
sented as the arithmetic mean + standard error of the mean value, n — number of ex-
periments.

The nanoparticles of TiO, (PlasmaChem GmbH, D-12489 Berlin, Germany) were
used in the form of nanopowder (mixture of rutile and anatase) with the average size of
particles (21+5) nm (Fig. 1). The mea-
surements were conducted using the
scanning electron microscope Tes-
can Mira 3 LMU, kindly provided for
our work by NanoMedTech LLC)
(Fig. 1), specificarea (50+10) sq.m./g;
purity > 99.5 %, content of Al,O, <
0.3 wt; SiO, < 0.2 wt. The nanopow-
der of TiO, was previously resus-
pended in dimethylsulfoxide (DMSO)
assuming the presence of 0.25 %
DMSO in the final volume. Likewise,
all the control solutions contained
0.25 % DMSO. The destruction of
the aggregates of TiO, nanoparticles
in the suspension was performed us-
ing the ultrasound processing for
2 min at the frequency of 37 kHz.

. . . SEM HV: 20.0 kV ‘ WD: 0.96 mm MIRA3 TESCAN
The zeta-potential of TiO, nanoparti-  ETEE R R

cles, estimated using the Zetasizer BEEECHIALS NanoMedTech LLC
nano device (kindly provided by Fig.1. Micropicture of titanium dioxide nanoparticles
NanoMedTech LLC), was (-7.93) mV.  pyc.1. MikpodpoTorpadist HaHO4aCTUHOK AioKCUay TUTaHy
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RESULTS AND DISCUSSION

Our previous in vivo studies [20] demonstrated that TiO, used in nanosized form is
an efficient modulator of the activity related to the functioning of pace-maker cells [6, 9,
23], spontaneous contractive activity of stomach smooth muscles of rats. The elemental
analysis of the content of micro- and macro-elements in rat tissues [20] demonstrated
that TiO, is bioavailable for cells of different organs, with the highest non-uniform accu-
mulation in smooth muscles of gastrointestinal tract: in caecum and stomach. In this
work, the tenzometric method in the isometric mode was used to study the spontaneous
contractive activity of isolated smooth muscle stripes of circular smooth muscles of an-
trum of three groups of rats: control group (n = 6) and two groups of animals (6 per
group), loaded with the suspension of nanosized TiO, material in the abovementioned
concentration for 30 and 100 days. Similarly to the previous experiments, the duration of
registration of spontaneous contractions in both groups of rats was 60 min. During this
time period, the level of basal tone of muscle preparations remained stable. Fig. 2, A
presents the results of tenzometric measurements in control and experimental groups of
rats loaded with TiO,. There was the distribution of amplitudes of spontaneous contrac-
tions of smooth muscles by frequencies with three significant maxima in the control. The
contractions with the amplitude of (14.8+1.0) mN, n = 12.3 were registered with the
highest frequency (13+0.8) %. The frequency of muscle preparation contractions, calcu-
lated in the control (Fig. 3), for 10 min was (12+0.6) %; the averaged value for the dura-
tion of the contraction-relaxation cycle (contraction act) was (48+3.4) s, the duration of
some contraction fragments was as follows: contraction phase — (16.2+0.9) s, relaxation
phase — (31.8+1.7) s; assymetry coefficient — (0.53+0.03); MU index of contractions —
(143.8+7.2); AU index of contractions — (6900+483).

The following series of experiments involved the study of the changes in spontane-
ous contractive activity of stomach smooth muscles of rats, loaded with TiO, for 30 days
(Fig. 2, B). In these conditions, compared to the control, in the dependency chart, “the
amplitude of contractions — the frequency of the incidence of contractions with this am-
plitude”, there is a shift towards their smaller amplitudes with three significant peaks.
The highest incidence (10.5+0.4) %, n = 12 was noted for contractions with the following
amplitudes: (6.5+0.4) mN (two maxima) and (4.6+0.24) mN. The calculations of parame-
ters of these spontaneous contractions (Fig. 3) demonstrated that in these conditions
their frequency for 10 min, compared to the control, increases and amounts to (16+0.8)
s; the duration of the contraction-relaxation cycle decreases almost 1.5 times and is
(26.4+1.3) s. There was also a decrease in the duration of some contraction fragments:
contraction phase — (11.2+0.7) s, relaxation phase — (15.2+0.9) s; asymmetry coeffi-
cient — (0.82+0.05); MU index of contractions — (93.646.5); AU index of contractions —
(2470+148).

The study of spontaneous contractions of smooth muscle stripes of rats, loaded
with TiO, suspension for 100 days, demonstrated (Fig. 2, C) that, compared to the con-
trol, there is further transformation of their amplitude-frequency characteristics. The am-
plitudes of such contractions cover the range from 3 to 6.5 mN, n = 12: the highest inci-
dence (13.2+0.7) % was registered for contraction with the amplitude of (4.4+0.31) mN,
as stated above, at the same frequency in the control its value was (14.8+1.0) mN,
n = 12. The frequency of contractions of muscle preparations, calculated in these condi-
tions for 10 min, was (194£1.2) %; the value of the contraction-relaxation cycle —
(304+1.8) s; the duration of the relaxation phase of spontaneous contractions, the value
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Fig. 2. Spontaneous contractive activity of circular smooth muscles of antrum of the control group rats (A)
and the group of rats, burdened with the suspension of titanium dioxide for 30 (B) and 100 days (C).

Puc. 2. CnoHTaHHa ckopodyBarnbHa akTUBHICTb KiNbLEBUX MafeHbKUX M’S3iB aHTpanbHOro Biadiny LumyHka
LLYpiB KOHTPOINbHOT rpynu (A) Ta rpynu LypiB, HABaHTAXXEHUX CYCMEH3IEL AioKcuay TUTaHy BNPOOOBX
30 (B) Ta 100 gi6 (C)

of which was (16.8£0.9) s continued decreasing, whereas the duration of the contrac-
tion phase had no statistically significant differences from the control. There is also
noteworthy impairment of such an important index of spontaneous contractive activity,
as asymmetry coefficient, at the effect of TiO, suspension in the rats of group two (dura-
tion of load with TiO, — 30 days) and three (duration of load with TiO, — 100 days): while
in the control its value was (0.53+0.03), in group two — (0.82+0.05), in group three its
value approximated 1 (1.07+0.06), which is likely related to the fact that this nanosized
material modulates mutually coordinated mechanisms of increasing and decreasing the
intracellular concentration of calcium ions in the interstitial cells of stomach smooth
muscles, the pace-maker activity of which is known [23] to be determined by cyclic pro-
cesses of releasing these cations from sarcoplasmic reticulum and their being absorbed
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by mitochondria. The fluctuation frequency of the processes is of the same order as
pace-maker currencies and amplitude-frequency characteristics of spontaneous con-
tractions of smooth muscles. The calculation of the MU index of contractions, the spon-
taneous contractive activity of muscle preparations of rats, loaded with TiO, for 100 days,
demonstrated that this parameter was (92.4+6.5), and the AU index of contractions —
(2772+138) which was almost 2.5 times less than the control. A considerable decrease
in MU and AU indices, compared to the control, demonstrated that the overall effective-
ness of contractive activity of stomach smooth muscles of rats in the presence of TiO,

decreased.
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Fig. 3 Histograms of parameters of the kinetic analysis for spontaneous contractive activity of circular smooth
muscles of antrum (C — control; 30 and 100 — term (days) of burdening the rats with the suspension
of titanium dioxide nanosized material): 1 — frequency of preparation contractions during 10 min; 2 —
averaged value of the duration of the contraction-relaxation cycle; 3 — MU index of contractions; 4 —
AU index of contractions. * — p<0.05

Puc. 3. licTtorpamy napameTpiB KIHETMMHOTO a@Hari3y CrMOHTaHHOI CKOpPOYyBanbHOI aKTUBHOCTI KiNbLEBUX
rmageHbkmx M'a3iB WwyHka (C — koHTponb; 30 Ta 100 — TepmiH (£i6) HaBaHTaXXeHHS LypiB CyCrneHsieto
HaHOPO3MIpPHOro MaTepiany giokcuay TUTaHy): 1 —4actota ckopoveHHs npenaparis 3a 10 xB; 2 — yce-
penHeHe 3HaYeHHs1 TPUBAroCTi LMKy CKOPOYEHHA—PO3CcnabneHHst (C); 3 — Noka3HUK CKOPOTIMBOIO
iHOekcy B oguHuuax MoHTeBigeo; 4 — NoKasHMK CKOPOTNMBOTO iHAekcy B OnekcaHapiicbkux oguHu-

usx. * p<0,05 — 3miHW BiporifgHi WOAO KOHTPOMIO

Taking the abovementioned results into consideration, it was interesting to analyze
the divergence in numerical values between some parameters of frequency-amplitude
complexes of spontaneous contractive activity of circular smooth muscles of stomach
and smooth muscles of caecum, modified by TiO, in vivo (the results of experimental
studies in vivo using smooth muscles of caecum are presented in our work [20]). The
calculations of the parameter value ratio (PVR) for the frequency-amplitude complexes
of spontaneous activity of smooth muscles of stomach and caecum demonstrated consi-
derable differences in the mechanisms of their formation. In control, these values for
such parameters as contraction frequency, duration of contraction-relaxation cycle, AU
index of contractions differed considerably for different muscles. The comparative analy-
sis demonstrated that in the control the frequency of contractions of caecum preparations
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exceeded the same parameter for stomach smooth muscles considerably, and their
ratio was far from 1, amounting to (0.27+0.01), n = 12. The value of this ratio was the
same in conditions of loading the rats with TiO, for 30 and 100 days. As for PVR for such
parameters as duration of contraction-relaxation cycle and AU index of contractions for
the mentioned muscles, their difference in the values was also noted, especially for
smooth muscles of rats, loaded with TiO, for 30 days. For instance, in control, PVR by
the index of the duration of contraction-relaxation cycle was (3.8+0.2), n = 12, whereas
at the effect of TiO, for 30 days it was twice higher. There was also a double increase in
the PVR value for AU index of contractions compared to the control. Taking the above-
mentioned into consideration, it is possible to assume some differences in the mecha-
nisms of the formation of spontaneous contractive activity of smooth muscles of sto-
mach and intestines in the control and at the effect of TiO,.

GABA is a neuromediator of both central and peripheral nervous systems [1, 2, 13].
Our studies [12] using the method of molecular docking of nanosized TiO, material to
the extracellular part of GABA-receptor we have determined potentially probable sites
of binding nanosized TiO, material of different affinity and analyzed the character of
bonds, stabilizing them according to their amino acid composition. It is known [2, 8] that
GABA-receptors (GABA, and GABA_) of neurons of intramural nervous system are
involved in NO-dependent regulation of functions of smooth muscles of gastrointestinal
tract. It was interesting to study the participation of this neuromediator of non-adrenergic
non-cholinergic neurons of stomach smooth muscles in the formation of the tonic com-
ponent of high potassium contraction and its modulation with TiO,. It was demonstrated
(Fig. 4, A) that in response to the application of high potassium (80 mmol/l) solution,
smooth muscle stripes developed contractions-relaxations with the phase component of
(23+1.5) mN, n = 12; here, the ratio of the phase component of contraction to the tonic
component was (1.3+£0.08). The kinetic analysis of the curves for high potassium con-
traction and the calculations of normalized maximal velocities for separate contraction
and relaxation phases demonstrated that such parameter as V,, acquires the value of
(7.7£0.4) min"', where as V, — (1.8+0.31) min"". Then, the plateau of the tonic compo-
nent of high potassium contraction was consecutively applied high potassium solution
in the abovementioned concentration with the content of GABA in the concentrations of
(108-10%) mol/l. It was determined (Fig. 4, B) that the application of GABA in these
conditions was accompanied with fluctuations in the basic level of the tonic component
of high potassium contraction according to acid concentration. The substitution of the
abovementioned composition with normal Krebs solution was accompanied with the res-
toration of the initial level of the basal tone of muscle preparations. The study of changes
in K*-induced (80 mmol/l) contraction-relaxation of smooth muscle stripes of rats, loaded
with the suspension of nanosized TiO, material for 30 days in the abovementioned
concentration, demonstrated (Fig. 4, C) that its amplitude remained in the range of the
control, whereas the velocity of relaxation increases (V,, — (2.98+0.03) min™, n = 12),
compared to the control. At the same time, the value of V_ (6.16+0.61) min™ remained
unchanged. In these conditions, there was a decrease in the tonic component of high
potassium contraction, accompanied with the decrease in the ratio of its components,
which was (1.05+0.05), compared to the control. The application of GABA (10-°-~10-°) mol/l
on the tonic component of high potassium contraction was accompanied with insignificant
increase in the level of its plateau (Fig. 4, D).
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Fig. 4. High potassium (80 mmol/l) contraction (HPC) of circular smooth muscles of antrum of the control
group rats (A); B — in conditions of application of gamma-aminobutyric acid (10°-~10) mol/l on the
tonic component of this contraction; C, D — the same for the experimental group of rats, burdened with
nanosized titanium dioxide material for 100 days

Puc. 4. lNnepkaniesa (80 Mmonb/n) KOHTPaKTypa KinbLEeBUX rMafeHbKUX M'A3iB aHTpanbHOro BiAAiny LWyHKa
KOHTPOMnbHOI rpynu wypiB (A); B — 3a ymMOB annikauii Ha TOHIYHi CKNafoBill LIbOrO CKOPOYEHHSI
y-aMiHomacnsiHoi kucnotu (108-10%) monbs/n. C, D — Te  came JOCNIAHOT rpynu LWypiB, HaBaHTaxe-
HVX HaHOPO3MIpPHUM MaTepianom fiokecuay TutaHy Bnpogosx 100 fi6

It is known [3, 5] that acetylcholine, an agonist of muscarinic cholinoreceptors, par-
ticipates in the parasympathetic control of contractive activity of smooth muscles along
with inhibition neuromediators. Taking the abovementioned into consideration, the con-
traction of preparations of circular smooth muscles of antrum, activated by acetylcholine
in the concentration of 10-° mol/l, was registered in the work. It was determined (Fig. 5,
A) that the averaged value of the phase component of such contraction was (26.3+1.8)
mN, n=12, and its ratio to the tonic component — (1.25+0.07). Here the estimated maxi-
mal velocity of the contraction phase was (7.25+1.17) min', whereas the normalized
maximal velocity of the relaxation phase — (1.47+0.33) min"'. Then, the plateau of tonic
component of acetylcholine contraction was consecutively applied Krebs solution with
the GABA in the concentrations of (10°-10-) mol/l (Fig. 5, B). It was determined that in
these conditions there was an increase in the basic level of the tonic component, the
plateau of which witnessed the increase in spontaneous contractions of smooth mus-
cles. We also studied of acetylcholine-induced contractions of circular smooth muscles
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Fig. 5. Acetylcholine-induced (10-° mol/l) contractions of circular smooth muscles of antrum of the control
group rats (A); B — in conditions of application of gamma-aminobutyric acid (10%-10-°) mol/l on the
tonic component of this contraction; C, D — the same for the experimental group of rats, burdened with
nanosized titanium dioxide material for 100 days

Puc. 5. BuknukaHi auetvunxoniHoMm (10° Monb/n) CKOpPOYeHHs! KinbLEBMX MafeHbKMX M'S3iB aHTpanbHOro
BiAAINy LUNyHKa KOHTPOmbHOI rpynu wypis (A); B — 3a ymMoB annikauii Ha TOHIYHill CKNaAoBil y-aMiHo-
macnsHoi kucnotu (108-10%) monb/n. C, D — Te > came AOCNIAHOT rpynu LLypiB, HABAaHTaXKEHMX HaHO-
po3MipHUM MaTepianom fiokeuay TutaHy Bnpogosx 100 ai6

of antrum (in the abovementioned concentration) of the group of rats (n = 6), which were
loaded with the suspension of nanosized TiO, material for 100 days (Fig. 5, C). It was
determined that, compared to the control group of animals, the value of the phase com-
ponent of acetylcholine contraction of smooth muscles had no changes. The ratio of the
phase component of acetylcholine contraction to its tonic component and the values of
maximal velocities of contraction and relaxation for smooth muscle stripes also remained
in the range of the control. The application of GABA in the abovementioned concentra-
tions on the tonic component of acetylcholine of contractions caused no significant chang-
es. For comparison, similar studies were conducted in vivo using smooth muscles of
caecum. It was determined (Fig. 6, A, B) that in the control GABA (10®) mol/l, applied to
the plateau of the tonic component of high potassium contraction, causes a considerable
increase in its level, which exceeds the values of the similar parameter in stomach smooth
muscles. Similarly to our previous studies [20], smooth muscles of caecum, loaded with
TiO, for 30 days, had an increase in the phase component of high potassium contraction,
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Fig. 6. High potassium (80 mmol/l) contraction of circular smooth muscles of antrum in the control group
rats (A); B — in conditions of application of gamma-aminobutyric acid (GABA) (10-°) mol/l on the tonic
component of this contraction; C, D — the same for the experimental group of rats, burdened with
nanosized titanium dioxide material for 30 days and the cumulative effect of GABA (10-°~10) mol/l in
the same conditions; E, F, G, H— non-cumulative effect of GABA on the tonic component at the effect
of TiO, for 30 days

Puc. 6. lNinepkaniesa (80 MMornb/n) KOHTPAKTypa KiNbLEBUX MageHbKUX M'sA3iB aHTpanbHOro Bigainy LwyHka
KOHTpOnbHOI rpynu wwypiB (A); B — 3a ymMOB annikauii Ha TOHIYHIA CKNagoBil LbOro CKOPOYEHHS
y-amiHomacnsiHoi kucnotn (FAMK) (10°) mone/n. C, D — Te  came [JochnigHoi rpynu Lypis,
HaBaHTaXeHUX HaHOPO3MIPHUM MaTepianom giokcugy TuTaHy Brpogoex 30 Ai6 Ta BignosiaHo 3a
AaHux ymoB kymynsitusHa gis FTAMK (10°-10%) monb/n; E, F, G, H — HekymynsatueHa ais FAMK Ha
TOHIYHY cknagosy 3a gii TiO, ynpogoex 30 Ai6
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the increase in the normalized maximal velocity of the contraction phase and relaxation
phase compared to the control group of rats, and the increase in the ratio of the phase
component and the tonic component (Fig. 6, C). The data of the cumulative effect of
GABA in the concentrations of (108-10-%) mol/l on the tonic component of high potassium
contraction of caecum in the control group of rats, presented in Fig. 6, D, demonstrate
a considerable increase in the level of its plateau. Thus, the obtained data of experimental
studies testify to the relevant role of the mediator of intramural nervous system, nitrogen
oxide, in the mechanisms of relaxation of smooth muscles of caecum and stomach, acti-
vated with high potassium solution or acetylcholine. Similar to stomach smooth muscles
of rats, loaded with TiO, for 100 days, in smooth muscles of caecum this nanosized mate-
rial removes the mechanisms of inhibiting the release of NO from neurons of intramural
nervous system, mediated via GABA, and GABA_ receptors.
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HAHOPO3MIPHUIA MATEPIAN AIOKCUAY TUTAHY. ) )
Moaynauia CNOHTAHHOI MOTOPUKU TA TAMK-3ATIEXXHO!I PETYNALII
OYHKUIN TMAOEHBKUX M'A3IB LUNYHKA IN VIVO
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3acTocyBaHHs1 eNeKTPOHHOI CKaHyt4Ol MiKpOCKOoNii Aano 3mMory ogepxatu 306pa-
XXEHHS Ta BU3HAUMTN PO3MipM HaHo4YacTUHOK TiO,. TeH30OMEeTPUYHM MEeToAOM B i30Me-
TPUYHOMY PEXMMI BCTAHOBIEHO, LLIO Pe3yNbTaToOM XPOHIYHOI Ail Aiokcnay TuTaHy Ha rmna-
AEHbKi M’A31 LWNyHKa € Nepepo3nogin aMmnnityq CrnoHTaHHMX CKOPOYeHb 3a iX YacToTa-
MU, 30iMbLUEHHS YaCTOTK iX CKOPOYEHb, 3MEHLLUEHHSI TPMBANOCTI LMKITY CKOPOYEHHS—
po3criabneHHsi, MOpPYLUEHHS aCUMETPIT TPUBANOCTI PO3BUTKY CKOPOYEHHSA—PO3CcnabneH-
HS1, 3BMEHLUEHHS MOKa3HUKa CKOPOTNMBOro iHAeKkcy MoHTEBIQEO0 Ta NoKasHMKa CKOPOTIn-
BOro iHgekcy B OnekcaHOpinCcbknx oaMHULUSX. Y poBoTi 3’ACOBAHO TaKOXK PO3XOKEHHS
YMcenbHUX 3HaYeHb MapamMeTpiB YacTOTHO-aMMAITYOHUX KOMMMEKCIB, MoaudikoBaHoI
TiO, cnoHTaHHOT CKOPOYyBarbHOI aKTUBHOCTI MafAeHbKUX M'S3iB LUTyHKa Ta rMageHbKUX
M’'s13iB KuMLLeYHMKa (caecum). BCTaHOBMEHO, LLO 3a YMOB TpMBaroi XpoHivHoi gii (100 aib)
y rmageHbKknx M’as3ax LWyHKa Ta caecum [iokeua TUTaHy ycyBae onocepenkoBaHi Yepes
FAMK,- Ta TFAMK_-peLienTopu perynsatopHi MexaHiamu npurHiveHHsi BUBINbHEHHS Henpo-
MefiaTopiB ranbMyBaHHSA 3 HEMPOHIB IHTpaMyparbHOro HEPBOBOMO CMMETEHHS.

Knro4oei crioga: rnafeHbki MSA3W LINYHKa, HAHOYACTUHKU AIOKCUAY TUTaHy, Me-
xaHokiHeTuka, TAMK-3anexHa perynsuis, CoHTaHHi Ta BUKNU-
KaHi CKOPOYEHHS.
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