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Abstract

The article presents data on the effect of silicon-containing mineral waters (MW) and
their artificial analogues with the corresponding content of metasilicic acid on the state of the
stomach wall in the modeling of gastritis in white rats. It was established that the use of MW
with different content of metasilicic acid has a unidirectional, positive effect on the course of
gastritis. MW with greater mineralization, molarity and high content of methacrylic acid
completely eliminate inflammation and moderately stimulate reparative processes.

In the application of MW with less mineralization, molarity and lower content of
metasilicic acid, there were definitive inflammation manifestations, but the manifestations of
reparative processes were more pronounced. The same trend was observed with the use of
artificial analogues - model solutions on distilled water with the corresponding content of
metasilicic acid. It is determined the same restorative in the direction, but much weaker
corrective effect than the corresponding MW. The important component of the corrective

action of these silicon MW when used in animals with gastritis is determined by the
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peculiarities of the macro component composition and the proportion of the main macro
components - Na +, K +, Mg?*, Ca?*, HCOs, CI, SO4* and, to a lesser extent, silicon content.
Keywords: silicon-containing mineral waters, gastrointestinal tract, metasilicic

acid

Introduction. Among the diseases of the gastrointestinal tract, chronic gastritis
occupies one of the leading places, have a significant distribution in the population of people
and a steady tendency to increase. According to various authors, they suffer from 30 to 40%
of the world's population [1 - 6]. In this case, in developed countries of the world there is a
tendency to decrease the incidence [1].

However, despite the wide arsenal of modern diagnostic and medicinal products used
for diagnosis and treatment of chronic gastritis, a high incidence of complications is
maintained, which predisposes the development of relapses and resistance to therapy [7, 8, 9].

According to modern concepts, chronic gastritis is a process that is progressive in
nature, which begins with superficial, localised inflammatory infiltrations leading to gradual
atrophy of the proper glands of the mucous membrane with possible intestinal metaplasia.
Exponents of chronic gastritis include: infiltration from lymphoidal and plasmatic cells, and
atrophy of the glands of the body and the antrum (with or without intestinal metaplasia). The
activity of the inflammatory process is evidenced by the presence of eosinophilic and
neutrophilic granulocytes, which may generate micro-abscesses in the lumina of glandular
tubes. The above changes sometimes coexist with oedema of the stroma, minute
extravasations, or shallow erosions, as well as dysplasia (generally low degree) of epithelial
cells. Massive inflammatory infiltrations along with other lesions may lead to disturbances in
the architectonics of gastric mucosa.

Also, the pathogenesis of gastritis and ulcer formation are associated with a violation
of the blood supply to the stomach wall (vascular thrombosis, embolism), with subsequent
atrophic changes in the mucous membrane (ischemic damage). It was shown that in the zone
of ulcerous damage sclerotic lesions of terminal arterioles and their obliteration, the spread of
veins and capillaries, and microcirculation violations are revealed.

Clinical studies have shown an increase in the incidence of gastritis and ulcers in
patients with definite stenosis of the abdominal aorta and with specific changes in the
submucosal vessel vessels characteristic of arterial hypertension and diabetes mellitus, which

have an effect on the state of the protective mucosal barrier [11]. In addition, there are also
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other factors that are pathogenetic mechanisms of gastritis - these are chronic psycho-
emotional stresses, infectious diseases, poisoning, etc. [12-16].

The complexity of the pathogenesis of gastritis and the inadequate effectiveness of
their treatment initiate the search for new adequate methods, their comprehensive
substantiation, which becomes relevant to theoretical and experimental medicine [17-20].

In the complex treatment of diseases of the gastrointestinal tract, medicinal mineral
waters (MW) of various physico-chemical composition, including silicon MW of the average
mineralization of the Transcarpathia [21- 25] are used. Most specialists and doctors believe
that the healing properties of MW are due only to the macro component composition - a
significant content of hydrocarbon and other ions.

At the same time, the question of the biological role of silicon and its therapeutic
abilities, especially in the CF, is practically open. Our previous studies were devoted to this
problem [26, 27]. However, experimental work on the study of the physiological role of
silicon, including information on the use of silicon MW of weak mineralization (up to 1
g/dm®) in experimental stomach pathologies, on the basis of which it would be possible to
recommend the use of such MW in clinical practice is extremely small.

Taking into account the above, the purpose of the work is to investigate the effect of
silicon mineral waters of various macro- and microstructures and molar and model artificial
solutions with the corresponding content of metasilicic acid on the course of experimental
gastritis in white rats.

Materials and methods of research. The work was performed on white rats, females
with body weight 180-200 g. The studies were conducted in accordance with the rules for the
maintenance and operation of experimental animals, established by the relevant institutions
[28, 29, 30].

A model of chronic gastritis was triggered by the introduction of potassium
permanganate into the stomach. The choice of this model is due to the fibrinating effect of
potassium permanganate on the vessels of the stomach wall. The pathology was reproduced
two days in a row, introduction into the stomach of the animal with a soft probe with a metal
olivine solution of potassium permanganate in a dose of 200 mg per 1 kg. For a rat with a
body weight of 200.0 g, a solution was prepared: 40 mg of potassium permanganate was
dissolved in 2 ml of distilled water [31]. Starting from the 3rd to the 9th day of the
experiment, the rats were given in the mode of internal metered drinking in the amount of 1%
of body weight, 1 time per day, corresponding MW. Animals were divided into 9 groups:

One control group was intact rats.
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Group 2 - animals with gastritis, which received a standing water intake water.

Group 3 - animals with gastritis receiving silicon weakly mineralized hydrocarbonate
sodium-magnesium-calcium water "Regina" (sources of Zhytniki village of Murovano-
Kurilovets district of Vinnytsia region). The content of hydrocarbonates - 0,3904 gll;
chloride-ion content - 0,0107 g/I; sulfate content - 0.0193 g/I; the content of sodium ions and
potassium ions - 0,0207 g/I; calcium ion content 0.0820 g/l; the content of magnesium ions -
0,0255 g/lI; content of methacrylic acid - 37 mg/l; the molarity is - 10.2 mmol/l; total
mineralization - 0,55 g/l.

Group 4 - animals with gastritis received a course of model solution with a
concentration of methacrylic acid - 37 mg/l (analogue of Regent's MB).

Group 5 - animals with gastritis received weakly mineralized hydrocarbonate sulfate
sodium water (SAR Ne 3766 of Zinkiv city of Poltava region). The content of
hydrocarbonates - 0,3440 g/l; chloride-ion content - 0,0400 g/l; sulfate content - 0,0600 g/I;
the content of ions of sodium and potassium - 0,1610 g/I; content of calcium ions 0,0550 g/I;
the content of magnesium ions - 0.0150 g/l; the content of methacrylic acid is 50 mg/l, the
molarity is 18.3 mmol/l; total mineralization - 0,61 g/I.

Group 6 - gastric animals received a course of a model solution with a concentration
of metasilic acid - 50 mg / 1 (analogue of the MW of the South of the city Ne 3766 of the city
of Zinkiv).

Group 7 - animals with gastritis received silicon mineralized bicarbonate sodium water
(well number 1-GG village Barvinok Uzhgorod district of the Transcarpathian region). The
content of hydrocarbonates - 1,8544 g/l; chloride ion content - 0,2165 g/l; sulfate content -
0.0177 g/l; the content of ions of sodium and potassium - 0,07051 g/l; content of calcium ions
0,0580 g/l; The content of magnesium ions is 0.0401 g/l. The content of metasilic acid is - 226
mg/l; the molarity is - 50,6 mmol/I, the total mineralization - 2,89 g/I.

Group 8 - animals with gastritis received a course of model solution with a
concentration of methacrylic acid - 226 mg / | (analogous to MB of the village Barvinok).

As a kind of control in determining the therapeutic properties that provide the macro-
component to the MH, mineral water was used in the study with a higher total mineralization,
higher content of anions and cations, and without the content of metasilicic acid.

Group 9 - gastric animals received a course of low-mineralized sodium chloride
without specific components and compounds (well No. 1-GG of Lebedivka village of the
Tatarbunary district of the Odessa region). The content of hydrocarbonates is 0.6220 g/l;

chloride-ion content - 2.130 g/l; sulfate content - 0.0031 g¢/l; the content of sodium ions and
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potassium ions - 1,390 g/l; content of calcium ions of 0.007 g/l; the content of magnesium
ions - 0.0080 g/l; molarity - 72,2 mmol/l and total mineralization - 4,30 g/I.

At the end of the experiment, the animals were withdrawn from the experiment under
ether anesthesia.

Morphological studies on histological preparations studied changes in the structure of
the tissues of the stomach wall, which removed the lobules of the stomach, which fixed 4%
paraformaldehyde, spent everywhere spirits of high strength and filled with alloids. From the
blocks, sections were made that stained hematoxylin-eosin. The methodical techniques and
techniques used in the studies are presented and published in the methodological guidelines
[32]. The statistical processing of the data was carried out using programs of medical and
biological researches Statistica and Exel. Relevant changes were those that were within the
validity of Student tables <0,05.

Results and discussion

Morphological studies of the stomach in 2 groups of rats with a gastritis model have
been found that on the first day of the pathology development macroscopic mucus thickened,
swollen, folds enlarged, rough. Mucus in reddish-brown color. On the 3rd day of the
experiment, macroscopically, she is the same. At the 5th day of gastritis modeling the folds
approach the usual ones in height, the color of the mucus is paleer, the mucus is visually
coarse. At the end of the experiment (7 days) - mucous in pale brown color, the folds of the
mucus remain slightly enlarged.

Microscopically, for 1-3 days of the experiment, the submucosa plate of swollen,
densely packed fibers was infiltrated by lymphoid juicy elements. The mucous membrane is
thickened due to an increase in the diameter of the tubular glands and edema of the interstitial
layers of fibers and there is diffuse massive infiltration with the lymphoid elements of the
latter. Epithelial cells of the glands are enlarged, their cytoplasm is swollen, light colored,
medium sized nuclei, juicy. In the outflow ducts, glassy cells, which are full of mucus, have
been sharply increased. On the 5th day of gastritis modeling in the submucosal plate fibers are
densely packed, swollen, diffuse infiltration with lymphocytes is preserved.

In the mucous membrane of the gland tubular form of enlarged diameter, the location
of epithelial cells is disordered, due to this lumen of the glands is not read. The cytoplasm of
their light is colored, in the nuclei we see granular-fibrous chromatin pattern, interstitial layers
are widespread, their fibers are quite dense. In the mucous membrane diffuse enough massive
lymphoid infiltration. At the 7th day of the experiment in the submucosal plate, along with

edema of the fibers and lymphoid infiltration, vascular spasm and fibrosis of their walls are
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observed. In the mucous membrane, whose width is normal, the interstitial layers are
widespread due to coagulation of fibers and moderate lymphoid infiltration.

The location of epithelial cells in most glands is well-organized, their cytoplasm is
weakly basophilic, and medium-sized nuclei are closer to the basement membrane. Goblet
cells of the ducts are quite large, filled with mucus.

Morphological studies of the gastric wall in the rats of the 3 rats using Regina's MW
were established: in the stomach, in the macroscopic study, differences from the norm are
observed only in the form of the average intensity of the cinnamon color of the mucosa.
Microscopically, the difference from the norm is only in the disordered location of epithelial
cells of the glands of the mucous membrane (in some glands, they are sometimes located in
two rows).

An addition, there is a small lymphocytic infiltration at the edge of the mucosa and
submucosal plate, as well as a significant increase in the content of mucus in gonococcal
cells. That is, there are remnants of inflammation in the wall of the stomach.

Structural-functional changes in the stomach of rats in group 4 have the same
orientation as in the application of natural water, but they had a different certainty. The
macroscopic mucosal stomach is pale-colored, the folds are defined, the surface is clean,
shiny. Microscopically - submucous plastic is slightly diffused due to edema, there is a slight
lymphoid infiltration.

The same infiltration is observed in the interstitial layers of the mucous membrane.
The glands of the mucous are of the usual tubular form, the epitheliocytes in them are
disordered, their cytoplasm is dark eosinophilic, the nuclei are swollen. It should be noted that
interstitial layers are slightly watered. Gonadal cells of the outflow ducts with moderate
mucus content.

Thus, under the influence of a model solution of methacrylic acid with a concentration
of 37 mg/l (analogue of Regent's CF), a lower positive effect was determined than under the
influence of natural MW, namely, a tendency for improvement - the certainty of dystrophic
changes was preserved.

In rats, 5 groups, who received a course on chronic gastritis with a MW cure. No. 3766
establishes the following. In the wall of the stomach, the submucosa plate is formed by
bundles of fibrous fibers, the fibers themselves are dense, but the beams can be separated, that
is, it is swollen. Tubular tube glands. In a significant number of glands, the location of
epithelial cells is disordered, cells themselves with a normal cytoplasm and somewhat

enlarged juicy nuclei. Interstitial layers are widespread due to edema.
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That is, there are remnants of the inflammatory process - swelling and increased
reparative processes in the epithelium of the glands. This MW has a somewhat higher
restorative effect than the natural microbial microcrystalline cellulose "Regina" due to the
slightly higher content of the silica and sulfate and hydrocarbon ions.

In rats of the 6 groups that used the model solution (analogue of MW of the United
Kingdom No. 3766), submucous plastic was slightly overshadowed by edema, and
insignificant lymphoid infiltration was observed. The same infiltration is determined in the
interstitial layers of the mucous membrane.

The glands of the mucous are of the usual tubular form, the epitheliocytes in them are
disordered, their cytoplasm is dark eosinophilic, the nuclei are swollen. Interstitial layers are
slightly watered. Gonadal cells of the outflow ducts with moderate mucus content.

Consequently, under the influence of a model solution of metasilic acid with a
concentration of 50 mg/l (analogue of MW SV No. 3766), a greater tendency was observed
for improvement than in groups of 4 rats, against the background of remnants of degenerative
changes.

When used in rats, 7 groups of animals with gastritis of silicon MW well number 1-SG
with the highest molar content and the content of metasilicic acid at the end of the course are
macroscopically established - mucous stomach is moist, shiny, pale brown (residues of
potassium permanganate), the folds are rare and not very high. In a microscopic study, the
layered organization of the wall of the stomach is unaltered. Submucosal plate formed by
densely located fibrous fibers, visually distinguishing individual beams is very difficult. There
is a small number of fibroblasts with dark extracted nuclei and single lymphocytes.

In the mucous membrane of the gland of the usual tubular form, the epithelium is
located in one layer, the epitheliocytes are juicidly colored, their nuclei are of medium size. In
the excretory ducts of the glands there are enlarged goblet cells rich in mucus. Interstitial
layers are somewhat widespread due to edema, lymphoid infiltration is not determined, only
in some layers, there are single lymphocytes. Consequently, only the ultimate manifestations
of inflammation in the mucous membrane are observed.

In morphological studies in 8 groups of rats with a gastritis model, which received a
model solution of metasilicic acid at a concentration of 226 mg/l, macroscopically determined
- mucous stomach of pale-cinnamon color, shiny, without any deposits, folds small but stable.
Microscopically, the submucosa plate is slightly swollen, the fibers of the fibers are visually
separated. There is a diffuse very weak lymphoid infiltration in the mucous membrane of the

gland of the tubular structure, the epithelium in them is ordered.
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The cytoplasm is homogeneous, weakly basophilic, juicy nuclei, and somewhat
increased interstitial layers are common due to lymphoid infiltration. Gonadal cells of the
ductus arterios significantly increased due to the accumulation of mucus. Consequently, the
use of a model solution (an analogue of BV SV No. 1-SG) does not completely eliminate
inflammatory changes in the mucous membrane. That is, it has a lower restorative effect than
natural MH. In rats, 9 groups that used chloride-sodium CF (without silicon) found that
macroscopically, the mucous membrane of the stomach was brown. The folds are a bit rolled
up.

Microscopically, the submucosal plate of lymphoid infiltration is not defined. In the
mucous membranes of the usual tubular form, the epithelial cells are swollen, the glands
themselves are enlarged. Goblet cells with increased mucus content. Consequences of gastritis
are practically not observed. That is, sodium chloride MW with the highest molecular weight
exhibits significant corrective ability when used in rats with gastritis.

CONCLUSIONS

1. It was established that MW with greater osmolarity and the content of the
biologically active component (metasilicate acid) have a more definite corrective effect on the
course of experimental gastritis - completely eliminate the manifestations of inflammation
and moderately stimulate reparative processes.

2. It has been determined that MW with less molar content and lower content of
metasilicic acid have a weaker corrective effect, the final manifestations of inflammation
remain, but the manifestations of reparative processes are more definite than under the
influence of silicon MW with higher molarity.

3. Moderate corrective properties of artificial model solutions, the effectiveness of
which depends on the concentration of metasilicic acid, has been established.

Thus, it can be considered proven that metasilicic acid exhibits biological activity both
in the model solution and in the composition of MW when used in rats with gastritis. It should
be noted that natural MW is more effective. A significant component of the corrective action
of these silicon MWs determines the features of the complex macro- and microcomponent
composition and the molarity (proportion of the major anions and cations).
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