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Introduction

Aim. To investigate the influence of titanium dioxide nanoparticles (TiO,) on histamine-, nicotine- (acetylcho-
line-nicotine)-stimulated modulations of mechanical activity in smooth muscles of caecum and stomach of rats.
Methods. Electronic scanning microscopy; zeta-potential estimation; the isometric tension recordings; pharma-
cological and kinetic analysis. Results. Relaxation of smooth muscles stripes (SMS) of caecum stimulated by
10-> mol/I nicotine on the background of histamine contraction was not affected by TiO, (10 mg/ml); under
the same conditions TiO, reinforced the histamine-induced contractions. The cumulative increase in TiO, con-
centration in the 10-6-10* mg/ml range was accompanied by inhibition of SMS contractions stimulated by
histamine (10> mol/l) and nicotine (107 mol/l). Similar results were obtained on stomach SMS. The phase
component of acetylcholine contraction modulated by nicotine was bound to be unaffected by TiO, whereas the
tonic component was inhibited. Conclusions. The suspension of TiO, nanoparticles in conditions of cumulative
effect modulates the mechanisms of neurotransmitter release from neurons of intramural plexuses of circular
smooth muscle of the gastrointestinal tract which are activated by histamine and nicotine (10-7 mol/l).

Keywords: smooth muscles, contraction, pharmacomechanokinetics, histamine, cholinergic neurotrans-
mission, titanium dioxide.

tines which occurs via chemoreceptors of membranes
of nerve terminals, sensitive to both their “own” and

A relevant role in the motility of the gastro-intestinal
tract (GIT) is played by neurons of intramural nervous
plexuses (INP). Via neuromediators they are involved
in different kinds of inhibition-relaxation (purinergic,
NO-ergic, vasointestinal, peptidergic, pituitary adeni-
late cyclase-activated peptidergic, adrenergic [1-5])
and excitation-contraction, respectively (tachykinin-
induced, cholinergic) [6, 7]. It is known [8, 9] that
there is presynaptic modulation of both excitation and
inhibition processes in smooth muscles (SM) of intes-

“foreign” neuromediators. In particular, the regulators
of the impact on the GIT motility are biogenic amines,
namely, a highly active biogenic amine — histamine,
with the participation of sympathetic postganglionic
nervous fibers and smooth muscle cells (SMC) prop-
er. Among the modulators of sympathetic and para-
sympathetic control (with the participation of auto-
nomic ganglia) over the contraction activity of vis-
ceral smooth muscles, including smooth muscles of
GIT, nicotine is noteworthy as an activator of nicotine
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cholinoreceptors and natural alkaloid [9, 11]. Howe-
ver, the neuromotor system of GIT is a target for many
biologically active substances, starting with bacterial
substances [12, 13], and recently — with artificially
created nanoconstructions, in particular, nanoparticles
of titanium dioxide (TiO,), the application of which is
considerable in different sectors of world economy,
especially food industry, with the purpose of proces-
sing products with this nanosized material [14]. TiO,
is also used in modern technologies of producing
pharmacological preparations [15-17]. Still there is
an open issue of the state of mechanisms of regulating
the GIT motility, in particular, presynaptic modulation
of excitation and inhibition processes of smooth mus-
cles at the effect of nanosized material of titanium
dioxide, which became the subject of our studies. In
our work TiO, was used in the form of nanopowder: a
mixture of rutile and anatase. The structure of rutile is
characterized by a system of channels, oriented in pa-
rallel with the crystallographic plane area. These
channels may be presented in the cross section as a
square with the 3.35A side. Anatase is also characte-
rized by a system of channels, located in parallel with
the crystallographic plane area. The structures of ana-
tase and rutile are presented in the form of three-di-
mensional chains, made of octahedrons of TiO,,
where the central ion Ti** is surrounded with six ani-
ons O2, four of which are in the equatorial plane, and
two — in the axial peaks. In rutile the octahedrons are
somewhat deformed, but they retain their orthorhom-
bic symmetry. As for anatase, the distortions are more
significant, which leads to the loss of orthorhombic
symmetry. The bonds Ti—O in anatase are 1.980 A
(equatorial) and 1.985 A (axial) [18] and are longer
than those for rutile: 1.946 A (equatorial) and 1.976 A
(axial) [19, 20].

Materials and Methods

Investigation of contractile activity

The experiments were conducted using isolated
preparations of circular smooth muscles of caecum
and antrum of outbred white rats with the weight of
250-300 g, regardless of their gender. The deflection

of spontaneous rhythm activity, the excitation and
inhibition of smooth muscle contractions, caused by
exogenous application of neuromediators, were con-
ducted by the strain gauge method, applied in iso-
metric regime with subsequent analysis of their
mechanokinetics. Standard Krebs was used in ex-
periments with the following concentration of con-
stituents (in mmol/l): NaCl — 120.4; KCl — 5.9;
NaHCO; — 15.5; NaH,PO, — 1.2; MgCl, — 1.2;
CaCl, —2.5; glucose — 11.5; pH 7.4. The high potas-
sium solution with K* concentration (80 mmol/l)
was prepared by replacing the amount of sodium
ions, required for the initial Krebs, with the equimo-
lar amount of K*. The substances were used in the
following concentrations: acetylcholine (AC) —
105 mol/l; histamine — 10~ mol/l; nicotine (NC) —
107 and 103 mol/l.

Preparation and characterization of TiO, sus-
pension

The nanoparticles of TiO, (PlasmaChem GmbH,
D-12489 Berlin, Germany) were used in the form of
nanopowder (a mixture of rutile and anatase), the av-
erage size of particles being (21 + 5) nm (the mea-
surements were conducted using a scanning electron
microscope Tescan Mira 3 LMU) (Fig. 1), specific
area — (50 £ 10) sq.m./g; purity > 99.5 %, content of
ALO; < 0.3 % wt; Si0, < 0.2 % wt. TiO, nanopow-
der was previously resuspended in dimethyl sulfox-
ide (DMSO) assuming the presence of 0.25 % of
DMSO in the final volume. Likewise all the control
solutions contained 0.25 % of DMSO. The suspen-
sion of TiO, particles was subjected to ultrasonic
treatment for two minutes at the frequency of 37 kHz
to ruin the aggregates.

The zeta-potential of the suspension of TiO,
nanoparticles, estimated using Zetasizer nano device
(kindly provided by NanoMedTech Company), was
(=7.93) mV. Titanium dioxide was used in the con-
centrations of 10-—10-3 mg/ml.

Mechanical-kinetic analysis of constructions

The analysis of mechanokinetics of induced contrac-
tions and relaxations of smooth muscles was per-
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Fig. 1. Microphotograph of titanium dioxide nanoparticles

formed according to the method, described in [21]
(Burdyga and Kosterin, 1991) with the consideration
of normalized maximal velocities of contraction
(V,o) and relaxation (V,,).

The value of R parameter is R = (A;/A,)-100 %,
where [A,/A,] — the ratio of the value of nicotine-
induced relaxation (depending on the concentration
of nicotine-induced contraction) of histamine-acti-
vated smooth muscles to the value of histamine-in-
duced contraction of these muscules.

Statistical analysis

The statistical analysis of experiment results was
performed using soft Microsoft Excel. Student’s
paired ¢-test was used to determine reliable differ-
ences between average values of two samplings;
multiple comparisons were made using parametric
one-factor dispersion analysis. The results were
deemed reliable if the probability value p was less
than 5 % (p < 0.05). The results are presented as
arithmetic mean =+ standard error of the mean, n —
number of experiments.
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Results and Discussion

The effect of titanium dioxide suspension on hista-
mine-stimulated contractions of smooth muscle
stripes of caecum was investigated. The estimations
of the level of random tone, amplitude and frequen-
cy of spontaneous contraction activity of SMS, per-
formed in the control, demonstrated their stable val-
ues. It was established that titanium dioxide in the
concentrations of 10-°—~10-3 mg/ml did not cause any
significant changes in the muscle tone of prepara-
tions. Similar to our previous studies [22], TiO, in
the mentioned concentrations had dose-dependent
inhibiting effect on the spontaneous contraction ac-
tivity of muscle preparations. In the experiments
(Fig. 2a) histamine in the concentration of 10-> mol/l
was added with preparations to standard Krebs, and
the SMS contraction accompanied with a further in-
crease in the plateau-reaching muscle tone was ob-
served. According to [23, 24], such contraction can
be caused by two factors. One of them is a histamine
capability to enhance the exciting cholinergic and
non-adrenergic non-cholinergic neurotransmission
via the participation of H, histamine receptors of
neurons of intramural nervous plexuses. The second
cause is a direct histamine influence on the smooth
muscle cells via H, receptor-activated [P;-dependent
signaling pathway that results in an increase of intra-
cellular Ca%* concentration and corresponding con-
traction of smooth muscles. In our experiments the
maximal value of histamine-stimulated contractions
of SMS was 2.8+0.5 mN, n=5. When the curve of
histamine-stimulated contraction reached the sta-
tionary level, standard Krebs with histamine and
nicotine (natural activator of nicotine cholinorecep-
tors of neurons of autonomic ganglia) in the concen-
tration of 10-3 mol/l was added. Nicotine in the men-
tioned concentration led to partial relaxation of his-
tamine-induced contraction of smooth muscles, re-
lated to the presence of nicotine cholinoreceptors on
both cholinergic nerve terminals and terminals, con-
taining inhibition mediators [7, 9, 10]. The replace-
ment of the solution of the abovementioned compo-
sition with standard Krebs was accompanied with
the restoration of the random level of muscle tone
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for SMS. The estimated average value of R parame-
ter in the control was (22+2)%, n=7. The duration of
washing the muscle preparations with standard
Krebs was 30—40 min, after which this solution was
replaced with a similar one, containing TiO, nanopar-
ticles in the concentration of 103 mg/ml. It was es-
tablished that 20 min after application of this suspen-
sion, the random level of the background of muscle
tone remained stable in time. The comparison with
the control reveals an increase (by (32.3+2.7)%,
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Fig. 2. The effect of histamine (HS) (10~ mol/l) and nicotine
(NC) (A: 107> mol/l; B: 107 mol/l) on the muscle tone of smooth
muscle stripes of caecum in the control (A, B) and at the effect
of titanium dioxide (C). The initial level of muscle tone is indi-
cated with the dashed line.

n=7, p<0.05) in the value of SMS contraction, in-
duced by histamine. Nicotine, applied in these con-
ditions, caused partial relaxation of smooth muscle
stripes, the degree of which remained at the control
level. The effect of nicotine and histamine on smooth
muscles of caecum stopped when standard Krebs,
containing the mentioned substances and TiO,, was
replaced with standard Krebs only. In these condi-
tions there was no complete restoration of the degree
of histamine-stimulated contraction during 30—
40 min washing of the preparations. Nicotine high
concentration in the gastro-intestinal tract stimulate
the inhibition neuromediators' release from intramu-
ral plexuses neurons and corresponding relaxation of
smooth muscles, whereas low concentrations cause
their contraction, mediated by the release of excita-
tion neuromediators, acetylcholine, in particular [25,
26]. Taking the abovementioned into consideration,
in the next series of experiments, conducted accord-
ing to the described scheme, nicotine in the concen-
tration of 10-7 mol/l was added to the controls on the
background of the histamine-induced contracture
(105 mol/1), the maximal value of which was (3£0.3)
mN, n=7. As seen in Fig. 2b, nicotine in the men-
tioned concentration on the plateau of histamine-in-
duced muscle tone of smooth muscle stripes caused
the contraction; the ratio of its amplitude to the max-
imal value of the histamine-induced contraction was
(177£12.6)%, n=7. This excess in the amplitude of
nicotine-induced contraction on the background of
histamine effect is probably related to the release of
a much greater number of excitation neuromediators
out of the intramural plexuses neurons from muscle
preparations compared to the activation of H, hista-
mine receptors. After washing the SMS with stan-
dard Krebs, titanium dioxide in the concentration of
103 mg/ml (application time — 20 min) was added. It
was established (Fig. 2¢) that on the background of a
histamine-induced increase in muscle tone there was
a decrease in the value of SMS contraction, caused
by nicotine in the abovementioned concentration
R=(85.1£5.6)%, n=7, p<0.05.

The aim of the next experiment (Fig. 3) was to
study the cumulative effect of TiO, in the concentra-
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tions of (10-°— 10~4) mg/ml on histamine- (10-mol/1)
and nicotine- (10-7 mol/l)-induced contractions of
SMS caecum on the background of histamine. The
time of application of titanium dioxide for each con-
centration was 20 min. It was established (Fig. 3b)
that, compared to the control (Fig. 3a), TiO, in the
concentration of 10~ mg/ml inhibited histamine-in-
duced contractions of smooth muscles. Nicotine in
the abovementioned concentration, applied on the
background of histamine, did not cause any contrac-
tion of muscle preparations. As seen in Fig. 3¢, at the
20t minute of the cumulative effect of titanium diox-
ide in the concentration of 10~ mg/ml the transfor-
mation of both histamine- and nicotine-induced con-
tractures of SMS was observed. The inhibition of the
latter compared to the control was (78.2+6.5) %,
n=7, p<0.05; in these conditions R parameter was
(50.3+4) %, n=7, p<0.05. Similar to the previous
studies the solution of the abovementioned composi-
tion was replaced with standard Krebs, containing
titanium dioxide in the concentration of 10-4 mg/ml,
the time of application of which was also 20 min.
The studies demonstrated (Fig. 3d) that the subse-
quent increase in TiO, concentration by one order
[of magnitude] was accompanied with the inhibition
of both histamine-induced contraction and smooth
muscles contraction, received in response to the ap-
plication of nicotine (10-7 mol/l) on the background
of histamine. Washing the muscle preparations with
standard Krebs for 30—40 min did not lead to com-
plete restoration of the degree of histamine contrac-
tion and nicotine-induced contraction on the back-
ground of histamine.

The next series of experiments estimated the ef-
fect of TiO, on smooth muscles of caecum, activated
by acetylcholine in combination with the application
of nicotine (Fig. 4). In the control, to standard Krebs
with smooth muscle stripes, acetylcholine in the
concentration of 10> mol/l was added. The contrac-
tion of muscle preparations was registered; the aver-
age value of its phase component and the ratio of the
former to the tonic component were (18+1.2) mN
and (1.6+0.1), n=6, respectively. Muscle prepara-
tions were washed with standard Krebs which re-
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Fig. 3. The cumulative effect of titanium dioxide on nicotine-
induced (NC) (107 mol/l) contraction of the smooth muscle
stripe of caecum, activated with histamine (NS) (10-5 mol/l). 4 —
control. The random level of muscle tone is indicated with the
dashed line.
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sulted in the restoration of the random level of mus-
cle tone. The tests were repeated twice, thrice, then
acetylcholine in the abovementioned concentration
and nicotine (10-7 mol/l) were added to standard

A
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Krebs. As seen in Fig. 4a, there was a decrease in the
value of phase component of acetylcholine contrac-
tion in the control and an increase in its tonic compo-
nent, the ratio of which amounted to (1.07+0.08),
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Fig. 4.. The cumulative effect of titanium dioxide on the contrac-
tion of a smooth muscle stripe of caecum, caused by acetylcholine
(AC) (10-° mol/l), and by acetylcholine and nicotine (AC+NC)
((10- and 107) mg/ml, respectively). 4 — control. The random
level of muscle tone is indicated with the dashed line.

TiO,(107° mg/ml)

|
5mN
|1 5 min ‘\

.......... ‘\aF \M w%w"

AC+NC

TiOy(10™* mg/ml)

145



O. V. Tsymbaliuk, A. M. Naumenko, M. A. Skoryk et al.

n=6. It is known [6, 27—29] that the initiation of the
primary phase of contraction, induced by acetylcho-
line, requires M; receptor-mediated increase in the
intracellular concentration of Ca2" ions. At the same
time the tonic component of this contraction is initi-
ated by the activation of acetylcholine M, cholinore-
ceptors. Their function is to inhibit the entry of ex-
tracellular Ca?* ions via potential-directed Ca2*
channels of L-type which limits the entry of these
cations into the cell during the cholinergic depolar-
ization of its membrane. Taking the abovementioned
into consideration, it is possible to assume that ago-
nists, released from the neurons of intramural ner-
vous plexuses of smooth muscle stripes under the
impact of nicotine, modulate acetylcholine-activated
M; and M, receptor-mediated intracellular signaling
cascades. It results in corresponding decrease in the
phase component and a considerable increase in the
tonic component of acetylcholine contraction of cae-
cum. After the control evaluations were completed
according to the abovementioned scheme, the study
was carried out on the cumulative effect of TiO, in
the concentrations of (10-7-10-4) mg/ml on the con-
tractions of smooth muscles, stimulated by acetyl-
choline and the combination of acetylcholine and
nicotine (Fig. 4, b, ¢, d, e). The time of application
of titanium dioxide for each concentration was 20
min. It was established that in the presence of TiO,
in the abovementioned concentrations there was
more than two-fold decrease in the phase component
of acetylcholine contractions, whereas its ratio to the
tonic component compared to the control did not
change and amounted to (1.6%0.1), n=6, p<0.05. In
the same conditions the phase component of con-
tractions of smooth muscle stripes, received in re-
sponse to the simultaneous application of acetylcho-
line (105 mol/l) and nicotine (10-7 mol/l) did not
change, whereas its ratio to the tonic component
compared to the control (1.07+0.08), n=6 increased
considerably and reached its highest value
(1.65+0.12), n=6, p<0.05 at TiO, concentration of
10 mg/ml (Fig. 4¢) (which corresponds to the ratio
of these components of acetylcholine-induced con-
traction of SMS in the control (1.6+0.1), n=6
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(Fig. 4a)). This decrease in the tonic component of
acetylcholine-nicotine (AC-NC)-induced contrac-
tion of SM under the impact of TiO, is probably re-
lated to its effect both on nicotine-modulated pre-
synaptic mechanisms of releasing neuromediators
from intramural nervous plexuses and on M, recep-
tor-activated by acetylcholine signaling cascade of
smooth muscle cells, which results in dose-depen-
dent restoration of the mechanisms of regulating
Ca?* ions input into SMC during the cholinergic de-
polarization of their membrane. As for the phase
components of (AC-NC)-induced contraction at the
cumulative effect of TiO,, regardless of a consider-
able decrease in acetylcholine-induced contraction
compared to the control, its degree remained stable,
contrary to the tonic component. The relative maxi-
mal contraction velocities of smooth muscle stripes,
caused by acetylcholine and acetylcholine in combi-
nation with nicotine at the cumulative effect of TiO,,
estimated according to the method described in [21]
(Fig. 5), were almost identical. A similar result was
obtained while estimating relative maximal veloci-
ties for SMS relaxation under the same conditions.
In both cases the differences were observed only
for the dynamics of changes in the mentioned pa-
rameters.

The cumulative effect of titanium dioxide on his-
tamine-induced (10 mol/l) and nicotine-induced
(107 mol/1) contractions of circular smooth muscles
of rat stomach on the background of histamine effect
was also studied according to the above described
scheme. It was established that in the control the de-
gree of SMS contraction of stomach, induced by his-
tamine (10~ mol/l), and by nicotine (107 mol/l) on
the background of histamine effect (10-5 mol/l) ex-
ceeded similar contractions of smooth muscles of
caecum more than six and four times, respectively,
which indicates a much higher amount of H, and H,
receptors, that compared to SMC of stomach and
neurons of its intramural nervous plexuses, and more
nicotine cholinoreceptors in INP as well. In both
cases the washing of SMS with standard Krebs re-
sulted in the restoration of the random level of mus-
cle tone. In the experiments TiO, in the concentra-
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tions of (10-°—10*) mg/ml compared to the control
decreased the estimated parameters of contractions
of muscle preparations (Fig. 6). Similar results were
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Fig. 5. The estimated normalized maximal velocities of contrac-
tion (V,,.) — relaxation (V) of smooth muscle stripes of caecum,
caused by acetylcholine (AC) (10-7 mol/l) and the combination
of acetylcholine (107 mol/l) and nicotine (NC) (107 mol/l) in
the control and at the cumulative effect of titanium dioxide.
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Fig. 6. The amplitude of histamine-induced (10 mol/l) and
nicotine-induced (107 mol/l) contractions of smooth muscle
stripes of circular smooth muscles of stomach on the background
of histamine effect (10~ mol/l) at the cumulative effect of tita-
nium dioxide (10-7-10-*) mg/ml.

obtained regarding the contractions of smooth mus-
cle stripes, induced by acetylcholine (10-5) mol/l.

Conclusions

Therefore, our results demonstrate that suspension of
nanosized titanium dioxide causes a dose-dependent
modulating effect on the contraction of circular
smooth muscle stripes of stomach and caecum in-
duced by the nicotine activation of cholinoreceptors.
It is known that the nicotine effect on smooth muscles
of the gastro-intestinal tract relates exclusively to its
influence on the neurons of intramural nervous plex-
uses, the activation of which with low concentrations
of this alkaloid is mediated by the release of acetyl-
choline, and with high concentrations — by the release
of inhibition neuromediators. In our experiments the
latter mechanism was found to be insensitive to the
effect of TiO,, whereas the former one was inhibited
with the suspension of these nanoparticles. The ex-
periments revealed that the mechanisms of regulating
the contractions of smooth muscles with the participa-
tion of both H, histamine receptors of INP neurons
and H, receptors of smooth muscle cells are sensitive
to the effect of TiO,. It has been also established that
when nicotine modulates acetylcholine-stimulated
contractions of smooth muscle stripes of caecum,
TiO, restores the mechanisms of regulating the input
of Ca?* ions in SMC during the cholinergic depolar-
ization of their membrane.
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TicTamiH-, HIKOTHH-CTUMYJILOBaHI MOAYJIALIT MexaHiYHOT
AKTUBHOCTI INIaIeHbKUX M SA3iB IIIYHKOBO-KHIIKOBOT'O
TpaKTy 3a 1ii HaHopo3MipHoro marepiaay TiO,

O. B. llumbanrok, A. M. Haymenko, M. A. Ckopuk,
O. IO. Hunopxo, T. JI. laBunosceka, B. A. CkpuIieBchKuii

Merta. JIocminuT 1it0 HAHOPO3MIPHOTO MaTepiay TIOKCHITY THTa-
Hy (TiO,) Ha ricTamiH-, HIKOTHH- (AUETIIXOJIIH-HIKOTHH) -CTUMY-
JBOBaHI MOIYJIALii MEXaHIYHOi aKTHBHOCTI TVIAJICHBKHX M’SI3iB
caecum Ta UUTYHKy 11ypiB. Metoau. EnexkTporHa ckaHyroda Mi-
KPOCKOIIis; BU3HAYCHHSI J3€Ta-TIOTEHIlialy; PeECTpaLlisi CKOPOTIIU-
BOT aKTHBHOCTI B i30METPHYHOMY PEXUMI; (hapMaKOJIOTiYHUH 1 Ki-
HeTHYHWH aHayi3. Pesynbrarn. BeraHoBneHo, 0 BUKIIMKaHE Hi-
xotrHOM (1075 MOIIB/11) po3ciabieHHs [1aIeHHKOM "SI30BUX CMY)KOK
(TMC) caecum ua ¢oui ricramitooi (10~ Mob/1) KOHTpaKTypH
He uymmBe 10 aii TiO, (1073 mr/mn); 3a tux ymos TiO, miacusto-
BAB TiCTaMiHOBI CKOpo4YeHHs. KyMynsTHBHE 30iNblICHHS KOHLICH-
tpatii TiO, (10-4—10* Mr/mi1) CynpoOBOKYBAIOCH IPUTHIYECHHSM
ckopoueHb IMC, Buksmkanux ricraminom (10-5 Monbs/n) Ta Hiko-
THHOM y KoHIUeHTpauii 107 Monb/i1. AHasIoriuHi pe3ysnsrar 6yi1o
oznepkano y nocmigax Ha 'MC noryHKy. BetanoBneHo, o dasHmit
KOMITOHEHT aLleTHIIXOJIIHOBOTO CKOPOYEHHSI, MOIYJIbOBAHOTO HIiKO-
THHOM, He dyTuBuii 10 Ail TiO,, Toxi SK TOHIYHUIT — IPUTHIYY€ETh-
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cst. BucnoBku. Cycniensis HaHodacTHHOK TiO, 32 yMOB KyMyiisi-
TUBHOI il MOYJTIO€ aKTHBOBaHI TiCTaMiHOM Ta Ha Horo (oHi — Hi-
kotrHOM (10~7 MOITB/IT) MEeXaHi3MU BUBLIBHEHHST HEHPOMEIiaTopiB
3 HEWPOHIB 1IHTPaMypaJIbHOIO HEPBOBOTO IUIETHBA KUIBLIEBUX IMIa-
JIEHBKUX M’$131B IIITYHKOBO-KHILIKOBOTO TPAKTY.

Kaw4oBi caoBa: mianeHpKi M’s131, CKOPOYCHHS, (papMakomexa-
HOKIHETHKa, TICTaMiH, XOJTiHepriyHa HeHporiepeaaya, TJIOKCH ] TUTaHY.

I'ucTaMuH-, HHKOTHH- CTUMYJIMPOBAHHbIE MOAYJISIIIHH
MeXaHHY€eCKOH AKTHBHOCTH IVIAJIKUX MBI KeTY109HO-
KHIIEYHOT0 TPAKTA 32 1efiCTBUS HAHOPA3MEPHOIo
marepuaja TiO,

0. B. llumbanroxk, A. H. Haymenko, H. A. Cxopuk,
A. 10. Hemopxo, T. JI. JaBunosckas, B. A. CkpsiteBckuit

Heas. HccnenoBars neiicTBre HaHOPa3MEPHOIO MaTepuaia Iu-
okcuna turaHa (TiO,) Ha TUCTaMMH-, HUKOTHH- (QIIETHIIXO-
JIMH-HUKOTHH) -CTHMYJIMPOBAHHBIE MOIYJIILIMM MEXaHHYECKOI
AKTHBHOCTH INIAJKHMX MBI caecum U Xenyaka Kpbic. MeToasl.
DINEKTPOHHAs CKAHMPYIOLIAsi MHUKPOCKOIIHS; ONpEeICHHE a3e-
Ta-TIOTEHIMANa; PErUCTPalys COKPATHTENbHOH aKTHBHOCTU B
H30METPUYECKOM DPEXHUMe; (HapMaKOIOTHUECKUH W KHHETHYe-
cKkuii aHau3. Pe3ysIbTaThl. YCTaHOBIICHO, YTO BBEI3BAHHOE HHUKO-

tiHOM (10-3 MOJIB/1T) pacciabieHne 1aJKOMBIIICYHBIX MOJIOCOK
(TMII) caecum na doue rucraMuaoBOM (105 MOJIB/IT) KOHTpaK-
TYpBI HE YyBCTBUTENBHO K AeiicTBrio TiO, (1073 Mr/mi); 3a 9THX
ycnouii TiO, ycunuBan rucTaMuHOBBEIE cokparuenus. Kymyos-
THBHOE yBelmueHue KoHuentpauuu TiO, (10-5—-10* mr/mi) co-
MIPOBOXKJAJIOCh yrHeTeHueM cokpaweHuii ['MII, BbI3BaHHBIX
ructamuaoM (107 MOnb/T) ¥ HUKOTHHOM B KOHIIGHTpPALUH
10-7 Mob/n1. AHAIOTHYHBIE PE3yJIbTaThl OBUIO MONYYEHO B OIBI-
tax Ha [MII xenynka. YcTaHOBIICHO, YTO (ha3HBIH KOMIIOHEHT
AIEeTUIIXOJIMHOBOTO COKPAIICHUS, MOLYIMPOBAHHOTO HUKOTHHOM,
HE YyBCTBUTENBHBIN K AericTBuio Ti0,, Torma Kak TOHUIECKUA —
yraetaercs. BeiBoabl. Cycrensust nanogactun TiO, npu ycio-
BUHM KyMYJSITUBHOTO JIEHCTBHSI MOAYIIMPYET aKTUBHPOBaHHEIE
THCTAMHHOM H Ha ero (hoHe — HUKOTUHOM (10-7 MoJib/1) MeXxaHu3-
MBI BBICBOOOXKIICHHSI HEHPOMEANATOPOB C HEHPOHOB MHTpaMy-
PaJBHOrO HEPBHOTO IUICTEHNUSI KOJIBLIEBBIX IIAKNUX MBIIILT XKEITy-
JIOYHO-KHIIIEYHOTO TPAKTA.

KawueBbie ciaoBa: TIaAKHUE MBIIIIBI, COKpaIllEHUs, q)apMa—
KOMEXaHOKHMHETUKA, TUCTAMUH, XOJIMHEPIrUICCKast Heﬁponepenaqa,
JIMOKCU/] TUTAHA.
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