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Active promotion of enterosorbents to the market outruns thorough study of the mechanisms of their therapeutic
effect. The consumers and even many specialists have a simplified view of the only role of the enterosorbents to fix
and remove toxins, that is, act as a "cleaner"” of the body.

The aim of this paper is to reveal the importance of physicochemical factors for the therapeutic action of
enterosorbents. These factors include: (i) electrostatic charge of sorbent surface, (ii) pore size; (iii) accessible area
of surface, (iv) hydrophilic-hydrophobic balance of surface; (v) ion exchange properties; (vi) capability to structure
water. Mentioned factors can be estimated quantitatively using such methods as electrophoresis, gas
chromatography, photon correlation and 'H NMR spectroscopy, volumetric analysis, etc. However, in
pharmaceutical practice, it is more convenient to characterize the enterosorbent by its capability to adsorb some test
substances. To examine the above factors, we use oppositely charged dyes methylene blue and congo red, ions of
Zn**, gelatin, phenol and amino acid tryptophan. By the help of this approach we have characterized various types
of charcoal, nanosized fumed silica (Atoxil), porous Syloid® 244FP, hydrophobic Aerosil® R972, silica gel,
Enterosgel, fumed alumina, Smecta®, zeolites, kaolin, any derivatives of cellulose, lignin and other materials. To
study the interaction of enterosorbents with the intestinal mucosa, a gel of eye vitreous humor was used as a model.

As a result, we concluded that nanosized silica might be considered first of all as enveloping agent, the main
mechanism of action of which is interaction with glycoproteins of the intestinal mucosa. Consequently, two
therapeutic effects are realized: (1) difficulty forms for diffusion of pathogenic substances through the mucosa that
leads to decrease in their absorption, (2) antidiarrheal effect due to protecting mucosal receptors from the adhesion
of microorganisms and impact of microbial toxins. Taking into account that the intestinal mucosa throughout its
extent, in the pH range from 6.0 to 9.0, is negatively charged, this interaction for silica occurs with the overcoming
of electrostatic repulsion. Therefore, the enveloping power of silica is less than that of alumina containing
preparations which in the intestine have a positive charge. Generally speaking, the absorbing mechanism of healing
action can only be applied to highly porous sorbents such as charcoal, zeolites, silica gel, Syloid® 244FP, etc.
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INTRODUCTION * Dbiopolymers, including natural organic fibers
(«food fibers»): microcrystalline cellulose,
chitosan, pectin, Laminarin, lignin;
» synthetic polymers of organic origin:
Polyvinylpyrrolidone, Cholestiramine;
« complex preparations: White charcoal®.

From the structural point of view
enterosorbents can be divided into the next

In connection with the wide spread of the
enterosorption as therapeutic method, the actual
task is to study the molecular mechanisms of
action of enterosorbents. The general population
and even many specialists have a simplified view
of the only role of the enterosorbents to fix and
remove toxins, that is, act as a «cleaner» of the
body. types: .. ®

To date, based on the chemical nature, » porous: charcoal, silica gel, Sorbex”,

. ® .
enetrosorbents can be classified as follows: Syloid” 244FP; . . . . o
» carbon sorbents obtained from natural or » non-porous, highly disperse: nanosized silica
(Atoxil), kaolin;

synthetic row materials: charcoal, Sorbex®;

* natural and synthetic aluminosilicates, glue
minerals: kaolin, Smecta®™;

* synthetic  silicon containing  sorbents
(organosiloxanes, aerosils): Dimethicone,
Enterosgel, nanosized fumed silica (Atoxil);

« laminate: Smecta®;

» fibrous: microcrystalline cellulose, lignin.
V.G. Nikolaev [1, 2] defines 14 mechanisms

of healing effect of enterosorbents which are

represented by four directions (Fig. 1):
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Pictograms that reflect the mechanisms of healing effect of enterosorbents: i) adsorption of toxins,

metabolites, microorganisms; ii) protection of mucosa; iii) interaction with chyme and iv) specific effects:

antimicrobial, catalytic, source of microelements, efc.

An exceptionally important role for the
realization of the therapeutic effect of
enterosorbents is their physicochemical features
which can be estimated quantitatively using
modern instrumental methods, such as
electrophoresis, gas chromatography, photon
correlation and 'H NMR spectroscopy, efc.
However, in pharmaceutical practice, it is very
effective to characterize enterosorbents by the
capability to adsorb some test substances.

The aim of this paper is to reveal the
physicochemical aspects of the healing effect of
enterosorbents, the example being adsorption of
various test substances, and to develop the model
of behavior of Si- and Al-containing
enterosorbents in the gastrointestinal tract. In
creating this model, we proceeded from the
leading role of -electrostatic effects in the
mechanism  of  therapeutic  action  of
enterosorbents.

EXPERIMENTAL BACKGROUND

For a theoretical research, we used our own
results on the adsorption by various materials of
the test substances among them differently
charged dyes methylene blue and congo red, zinc
ions, gelatin, amino acid tryptophan and phenol.
The results were received during 2006-2017.
Characteristics of materials, both registered
enterosorbents and laboratory samples, are listed
in the Table 1.

The specific surface area of the materials
was determined by the methods of low-
temperature adsorption-desorption of nitrogen or
thermal desorption of argon.

The adsorption experiment was carried out
according to the standard procedure [3]. To the
exact weight of the material, the determined
volume of the test solution was added and
moderately shaken for 1-4 hours. After that, it
was  centrifuged and the  equilibrium
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concentration of the test substance was
determined in a centrifugate by the
corresponding analytical method. The value of
adsorption in mg/g was calculated from the
difference in the initial and equilibrium
concentrations. Some of the results given in the
table were obtained by building an adsorption
isotherm, with the maximum observed
adsorption value. The other part of the results is
obtained through the measurement of the
adsorption «at one point», this approach is
acceptable for quality control. Thus, the table
gives only a general picture, strictly comparable
can be only the results obtained in one particular
study, that is, under the same conditions.

Since work with native mucosa is difficult,
we used as its model an ophthalmic vitreous
humor, close to mucosa in terms of chemical
composition, consistency and charge of the
polymer matrix [4]. Vitreous humor contains
99 % water, its main component is hyaluronic
acid, belonging to the class of
heteropolysaccharides. A large number of
—COOQO" groups imparts a negative charge to the
hyaluronic acid molecule and to the vitreous
humor as a whole. The protein component of the
vitreous humor is represented mainly by collagen
fibers [5]. Like mucosa, the vitreous humor acts
as a selective barrier for small molecules [6]. A
standardized vitreous preparation obtained from
the eyes of cattle was used in the study [4], its
pH is 8.5. Mixtures of vitreous humor with water
with increasing biosubstrate content were added
to the exact weights of fumed silica or alumina
and shaken for 1 hour. After that, it was
centrifuged and the equilibrium concentration of
hyaluronic acid and protein was determined in a
centrifugate. The value of adsorption in mg/m’
was calculated from the difference in the initial
and equilibrium concentrations, then the results

ISSN 2079-1704. CPTS 2018. V. 9. N 4



Physicochemical aspects of therapeutic effect of enterosorbents (theoretical research)

were presented as dependence of the adsorption
on the equilibrium concentration.

THEORETICAL RESEARCH

Adsorption of test substances. The data
presented in Table 1 show the leading role of
electrostatic effect in the interaction of the
examined materials with the test substances. First
of all it concerns materials with ionogenic
functional groups on the surface, for example, Si-
and Al-containing sorbents. Thus, the isoelectric
point (IEP) of SiO, is at pH2.2 [7], and of
pyrogenic Al,Os is at pH 9.8 [8], so in a neutral
aqueous solution the particles of the first material
are charged negatively, and those of the second
one — positively. Accordingly, alumina does not
absorb the equally charged cations of methylene
blue, but well absorbs the congo red anions
(125 mg/g); for silica A-300 and porous Syloid®
244FP an inverse regularity is observed. In the
case of Enterosgel, hydrophobic interaction is
added to the electrostatic one, so the difference in
adsorption of dyes is negligible. The electrostatic
mechanism is inherent for negatively charged
cellulose derivatives and zeolites that better
adsorb methylene blue compared to congo red.
Phenol belongs to weak acids and dissociates
significantly only in alkaline medium. At pH 2.0,
the phenol molecule is in a non-dissociated state,
and at pH 7.5 it forms only a small amount of
phenolate ions C¢HsO . The benzene core and the
—OH group in the structure of phenol give it a
capability to interact with hydrophobic and
hydrophilic mechanisms, which results in its high
affinity to coal sorbents having hydrophobic basal
surfaces and hydrophilic groups at the edges of
these surfaces. In addition, the small size of the
phenol molecule allows it to penetrate into the
microporous charcoal. Other materials by sorption
of phenol are considerably inferior to charcoal.
Comparison of sorption of phenol by silica and
Enterosgel shows that more hydrophobic
Enterosgel is more active. At pH 7.5, the activity
of both sorbents is significantly less than that of
pH 2.0, that can be explained by electrostatic
repulsion between Si—O~ groups on the surface of
sorbents and phenolate anions, which are present
in a small amount in a solution at pH 7.5.

For such multi-functional substances as
proteins, the electrostatic adsorption mechanism
appears together with other mechanisms. For
gelatin [EP is observed at pH 4.8-5.0, so at
pH 2.0 this protein is charged positively, and at

ISSN 2079-1704. CPTS 2018. V. 9. N 4

375

pH 7.0 — negatively. The greatest attraction
between the molecules of gelatin and silica
surface occurs in the range of pH 2-5, that is
between IEPs;0, and IEP of gelatin. Outside of

this range, the protein and the silica surface are
charged equally and repulse each other [9], but
adsorption, although to a lesser extent, is
maintained by other interactions — through
hydrogen bonding (in acidic media) and
hydrophobic interaction. For completely non-
ionogenic Aerosil® R972 and polymethyl-

siloxane (PMS), high sorption of gelatin
apparently occurs due to  hydrophobic
interaction.

Such structural factors as the pore size and
specific surface area also have a significant
effect on the magnitude of sorption. So, gelatin is
practically not absorbed by charcoal and silica
gel that is due to the protein molecules are too
large to penetrate into the micropores of these
materials with a developed internal surface.
Strongly violates this regularity microporous
zeolite NaX well absorbing gelatin at pH 7.5.
The behavior of smectite, which has a laminate
structure, is characterized by essential features.
The high adsorption of methylene blue (about
600 mg/g), congo red and gelatin is due to the fact
that smectite swells in an aqueous medium and the
distance between atomic layers becomes sufficient
for penetration of sorbate molecules; accordingly,
size of the available surface significantly increases
[10]. Close to smectite in composition but
incapable of swelling, kaolin demonstrates
essentially lower adsorption of dyes and gelatin.

The study of the adsorption of Zn®" ions
provides useful information on pore sizes and on
the capability of the material to exchange ions.
Thus, the feature of zeolites is the presence in their
structure of channels of precisely defined size, 0.9
nm for NaX zeolite and 0.4 nm for NaA [11]. The
size of the Zn*" ion, according to various authors,
ranges from 0.06 to 0.08 nm [12], which is
considerably smaller, that enables active absorption
and exchange for cations located in the channels.
Disaccordance between the extremally high
absorbtion of Zn”" with zeolites and small value of
their S (only 7.7 and 14.9 m*/g, respectively),
possibly due to the whole area of surface can not
be measured exactly with low-temperature
adsorption—desorption of nitrogen, so in this case
absorption of Zn*" is considered as a more
convenient method for this aim.
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Table 1. Probing of sorbents with test substances

Adsorption, mg/g

S,
Sorbent Features
m’/g Me];l;l);lene Clgggo IOZnnsz? f Gelatin T;{II;LO- Phenol
Fumed silica Non-porous, 300°° 11.3° 0° 0.136° 300° <0° 48.67
A-300 (-) charged 14.1° 1.79° 0.078° 344° (pH 2.0)
23.0° <2.0° 337 0
734 276" (pH 7.5)
36.3"
Aerosil®R972  Non-porous, 130 3.95° 8.54° 0.052° 150° 1,76°
Pharma hydrophobic
Syloid® Mesoporous, 3548 17.5° 1.51° 0.234° 317° <0°
244 FP (-) charged 508 <6° 2.3%
Enterosgel Hydrophilic- 7.24° 26.4° 0.072° 439° 1,36° 55.6'
hydrophobic, 18.0° 17.5¢ 2459 (pH 2.0)
(-) charged 26.2" of
(pH 7.5)
Silica gel Microporous, . 1.47° 1.24° 0.29° 0° <0®
(-) charged 0.241° <0®
Polymethyl- Microporous, 494° 3.38° 15.3° 0.044° 102° <0P
siloxane hydrophobic 520"
Smectite, Laminate, 25°¢ 600° 45.0° 2.58 143°¢ .. 5.7°
obtained by (-) charged 31° 125° 125° 164"
washing/ 75.7¢ 430¢ 1008 (pH 2.0)
drying 113
of Smecta® (pH 7.5)
Kaolin Non-porous, 13° 13.0° 4.5¢ 2.28 37° . 4.8°
(-) charged 10f 37.3¢ <6*
11.6% 158
18°
Fumed alumina ~ Non-porous, 110° 0° 125° 100
(+) charged
Zeolite NaX Microporous 77" 63.6' <6° >258 57.5 597
7% (pH 2.0) (pH 2.0)
108" 5.6"
(pH 7.5) (pH 7.5)
Zeolite NaY Microporous 16.47 26.2° 26" .. 47"
(pH 2.0) (pH 2.0)
<10" 5.6"
(pH 7.5) (pH 7.5)
Zeolite NaA- Microporous, 14.9% 13% <6*® >15¢8
TK-1173
Charcoal Microporous, 9207 1907 978 . 0° N 79.8
hydrophilic- 92.5° o (pH 2.0)
hydrophobic 124
(pH 7.5)
Enterosor- Microporous, 2850" 580" 112" 18
bent SCN hydrophilic-
hydrophobic
Microcrystal- Fibrous e 4.6° 14.9° 0.192° 0*
line cellulose 22.8¢ 04
Croscar- Fibrous, ... 18.6% 56° 0.284 0?
melose-Na (-) charged
Carboxyme- Fibrous, . 12.3% 5.5% . 0°
thylcellulose (-) charged
Cellulose Fibrous .. 15.4° 23.8°% 0.154* 0°

Notes: a — by [15]; b — by graduate thesis of K. Gradzion; ¢ — by [13]; d — by [16]; e — by [19]; f— by [14]; g — by
[17]; A —Dby [18]. S for smectite is given without additional surface, which is formed after swelling in water
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It is instructive to compare the adsorption of
Zn”>" ions and gelatin by Si-containing sorbents.
Silica gel due to the microporous structure actively
absorbs Zn”" ions, but does not adsorb gelatin at all.
At the same time, large-porous Syloid® 244FP
retains a high adsorption capacity with respect to
both test substances.

The water-soluble amino acid tryptophan,
which has a bulk aromatic fragment in its structure,
is not adsorbed by hydrophilic surfaces, but
interacts with the hydrophobic Aerosil® R972

Pharma and hydrophilic-hydrophobic Enterosgel.
Moreover, for hydrophilic materials, there is a
significant negative adsorption of the amino acid,
which can be regarded as a preferred adsorption of
water. It is difficult, however, to explain the lack of
adsorption of tryptophan by hydrophobic PMS.
Summing up, on the basis of numerous
observations, it is possible to emphasize the
physicochemical factors of the therapeutic action of
enterosorbents as it is presented in Table 2.

Table 2. Physicochemical factors of healing effect of enterosorbents and approaches for their examination

Approach

Factor Usine i - Typically examined
g instrumental Using test materials
method substances
Electrostatic charge Electrophoresis Methylene blue (+), Fumed silica A-300 (-),
of sorbent’s surface congo red (-) fumed alumina (+)
Pore size/volume Capillary flow porometry Tons of Zn*" Sﬂsl;ello%gé; ;Zzg;es’
Surface area Gas chromatography Gelatin (for non- and Fumed silica A-®300,
macroporous sorbents) Enterosgel, Syloid™ 244FP
Hydrophilic-hydrophobic Adsorption of Tryptophan, Enterosgel,
balance of surface water/hexane phenol Aerosil® R972 Pharma

Ion exchange properties Volumetric analysis

Tons of Zn*" Silica gel, zeolites, smectite

Capability to structure

1
a water H NMR spectroscopy

Fumed silica A-300,
Enterosgel

To speak briefly, cationic dye methylene
blue (M.m. 320 g/mol), which simulates
positively charged low-molecular substances
(alkaloids, histamine, dimedrol, novocaine
hydrochloride, promedol, efc.) is used to test
materials with a negatively charged surface.

Conversely, anionic congo red dye
(M.m. 697 g/mol) is used as a test substance for
studying the adsorption of negatively charged
low- and middle-molecular substances (sodium
diclofenac, salicylates, analgin, asparcam,
barbituric acid salts, salts of fatty and biliary
acids, etc.) by materials that carry a positive
charge in the solution.

Zinc ions can detect microporosity, as well
as the capability of materials to exchange cations
located in the porous and interlayer space. Zinc
simulates poisoning with «heavy metals»:
copper, lead, cadmium, mercury, efc.

Diphilic phenol and tryptophan are useful for
identifying  sorbents capable of binding
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substances that exhibit hydrophilic-hydrophobic
properties in aqueous solution.

The value of gelatin adsorption is well
correlated with the surface size of non-porous
and macroporous sorbents. Gelatin is used as a
test substance which simulates the adsorption of
toxins and metabolites of protein nature.

Among the above physicochemical factors,
the most important is the electrostatic charge of
sorbent's surface, especially in the pH range 6-9,
which corresponds to the physiological pH
gradient in the intestine throughout its extent,
from the duodenum to the large intestine (Fig. 2).
This gradient is formed as a result of secretion of
neutral and slightly alkaline substances in the
upper parts of the small intestine and under the
impact of alkaline products of vital activity of
the microflora of the large intestine [20]. As is
known, the main structural component of the
intestinal mucosa is glycoproteins with a
molecular weight of about 1 million Da (mucins)
that form a hydrogel, in which all
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macromolecules are linked to each other by
transverse bonds [21]. Since the lateral
polysaccharide chains of mucins end up mostly by
sialic acid (pK 2.6), the mucosa in the indicated

range of pH is negatively charged [22]. This fact
will determine the behavior in the intestine of
sorbents, for which the electrostatic charge of the
surface serves as an essential feature.

pH 2
ot
mut:_USEI A
PH7s (B % )
pH 8.9 '

Fig. 2. Normal pH value in different regions of gastrointestinal tract and charge of mucosa

Sorption of components of vitreous humor
(model experiment). The adsorption isotherms of
the protein of vitreous humor on silica and
alumina are presented in Fig. 3. As shown, the
experimentally observed maximum value of
protein adsorption from native (undiluted)
vitreous humor which corresponds to the last
point on the curve, is 5.5 times lower on SiO,
(0.066 mg/m®) than on AlLO; (0.362 mg/m?).
(When recalculated to mg/g, this difference
remains, although it becomes somewhat
smaller). This is due to the vitreous humor
protein at pH 8.5 occurs in an anionic form, that
reduces its adsorption on the surface of silica
carrying a  significant negative  charge
(IEPsio2 =2.2), and increases adsorption on
AlLOs, the surface of which is positively charged
(IEPApo3 = 9.8).

0,4

0,3
—o—ALQ]
—e—SiO,
E 02
jo2}
€
<
0,1
0,0
T T T T
0,0 02 0,4 06 08

C, mg/ml

Fig. 3. Adsorption of protein of vitreous humor on
fumed silica and alumina [4]
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The adsorption curves of hyaluronic acid on
the studied oxides have clearly marked maxima,
with adsorption on SiO, in a maximum (at pH 7)
almost 10 times lower than on AL,O; (Fig. 4). As
in the case of protein adsorption, this can be
explained by the electrostatic attraction of the
oppositely charged groups —COQO™ of hyaluronic
acid and the alumina surface and, accordingly,
by repulsion of these groups from the equally
charged silica surface. A sharp decrease in
adsorption with increasing of vitreous humor
concentration can be caused by a growth of pH
in the medium, since the last points on the curves
were obtained for adsorption from an undiluted
vitreous humor having a pH of about 8.5. At a
given pH value, the negative charge of the silica
surface becomes sufficiently large, and for
aluminum oxide it approaches to IEP, that
counteracts the adsorption of the polyanion of
hyaluronic acid. Another reason for the
appearance of maxima on the curves may be due
to the preferential sorption from the native
vitreous body of water, rather than of hyaluronic
acid.

Comparing the behavior of silica and
alumina in a model experiment, we ask
ourselves: should classify nanosized silica as
enterosorbent or it is rather an enveloping (or
mucoadhesive) agent, the main mechanism of
action of which is interaction with components
of the intestinal mucosa such as glycosamino-
glycans, glycoproteins, etc.? This alternative is
shown schematically in Fig. 5.
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0,3

A, mg/m?

T
0,0 0,2 0,4 0,6 08 1,0
C, mg/ml

Fig. 4. Adsorption of hyaluronic acid of vitreous
humor on fumed silica and alumina [4]

Fig. 5. Nanosized  silica: enterosorbent  or

mucoadhesive?

Based on the obtained results, we are
inclined to the second option. There is one more
circumstance: silica nanoparticles are too small
to sorb on themselves large-molecule toxins, it is
easier for them to adsorb on the extended
surface, which is the surface of the mucosa.
Total surface area of the small intestine is about
300 m® [23] which is commensurate with the
surface area of 1 gram of highly disperse silica.
Consequently, this amount of silica which is its
minimal therapeutic dose is sufficient to
completely envelop this part of the intestina.
Another structural feature approximates silica to
mucoadhesives: it is the saturation of its surface
with hydroxyl groups, which are capable to form

ISSN 2079-1704. CPTS 2018. V. 9. N 4

379

numerous  hydrogen  bonds  with  the
macromolecules of the mucosa. If we admit the
mucoadhesive mechanism as the main for silica,
then two therapeutic effects are realized: (1)
difficulty forms for diffusion of pathogenic
agents through the mucosa that leads to decrease
of their absorption; (2) antidiarrheal effect due to
protecting mucosal receptors from the adhesion
of pathogenic microorganisms and impact of
microbial toxins.

Taking into account that the intestinal
mucosa throughout its extent, in the pH range
from 6.0 to 9.0, is negatively charged (Fig. 2),
the interaction with equally charged silica occurs
with the overcoming of electrostatic repulsion.
Therefore, the enveloping power of silica is less
than that of alumina containing preparations
which in the intestine have a positive charge.

CONCLUSION

Physicochemical factors of the therapeutic
action of enterosorbents include: (i) electrostatic
charge of sorbent’s surface; (ii) pore size and
volume; (iii) accessible area of surface; (iv)
hydrophilic-hydrophobic balance of surface; (v)
ion exchange properties; (vi) capability to
structure a water. To estimate the impact of these
factors a set of instrumental and adsorptive
methods were proposed.

Surface charge of Si- and Al-containing
enterosorbents as well as the charge of mucosa
are dependent on the value of intestinal pH.
Thus, pH is considered as the main factor which
regulates the behavior of these enterosorbents in
the gastrointestinal tract.

The really adsorbing mechanism can only be
applied to highly porous sorbents (charcoal,
zeolites, silica gel, Syloid” 244 FP). Nanosized
non-porous silica (Atoxil) rather belongs to
enveloping preparations. The enveloping power
of nanosized silica is less than that of alumina
containing  preparations (fumed alumina,
Smecta”, Almagel®, etc.).
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@izuKo-XiMiYHHI acleKT TepaneBTHYHOI il eHTepocopOeHTIB (TeopeTHYHe JOCTi/IZKEeHHSI)

LI I'epamenko

Tuemumym ximii nogepxui in. O.0. Yyuxa Hayionanvhoi akademii nayx Yxpainu
eyn. I'enepana Haymosa, 17, Kuis, 03164, Ykpaina, igorgerad7@ukr.net

AxmusHne npocysamHs eHmepocopOeHmié HA PUHOK GUNePeddNcdaE OemdibHe 6UGUEHHS MEeXAHI3MIE IXHbOI
JKy8anvHoi 0ii. YV cnojcusauie i Hagimb ceped cneyianicmie NONyIApHICMIO KOPUCYEMbCS CRPOWEHA OYMKA Npo
me, wo eHmepocopbenmu e 36 A3yoms i BUOANAIOMb MOKCUHU, BUKOHYIOUU (DYHKYIIO OYUCKU OP2AHIZMY.

Mema yiei cmammi — npodemoHcmpy8amu 8aHCIUBICING PI3UKO-XIMIYHUX YUHHUKIG OJi1 NPOsGY MepanesmuiHol
axmuerocmi enmepocopbenmis. Jlo yux wunHuKie Hanedxcamv: (1) erexmpocmamuynuti 3apso0 noeepxHi copbenmas
(2) posmip nop; (3) posmip docmynnoi nogepxui; (4) ciopoghinoro-2iopoghobuuii bananc nogepxui; (5) tiono0OMiHHI
enacmusocmi; (6) 30amuicmb 0o cmpykmypuszayii 6o0u. 3aznaueni YUHHUKU MOJCHA KiNbKICHO OYIHUMU,
3acmocogyiouu maxi Memoou, K enekmpoghopes, 2az08a Xpomamozpais, Memoou iazepHoi Koperayiunoi ma
'H AMP cnekmpockonii, 06’emuui awaniz ma iH. Pazom 3 mum, y ¢apmayesmuunii npakmuyi 3pyuHiuie
Xapaxmepusyeamiu eHmepocopoeHm 3a 30amuicmio aocopOyeamu neeHi Mecmosi pevosunu. Jlus  oyiHKu
BUE3AZHAYUEHUX YUHHUKIE MU BUKOPUCTIOBYEMO DIZHO3APAOICEHT OAPEHUKU MEMUICHOBULl CUHILL | KOH2O 4epE8oHuUl,
donu Zn’', owenamuny, enmon ma aminoxucromy mpunmogan. 3a  0onomoo ybo2o niOX0dy Mu
0OXAPAKmMepu3yeanu pisHi Munu aKmugo8aHo20 BY2iis, HAHOPOIMIPHULL Ripo2eHHUll Kpemnezem (Amoxcin),
nopucmuii Syloid® 244FP, ziopogoonuii Aerosil® R972, cunikazens, Enmepoceens, nipocennuii okcud amominiio,
CMeKmy®, yeonimu, Kaoaix, Pi3HOMAHIMHI NOXIOHI Yenoa03U, TieHiH ma iHwi mamepiany. 3 Memor 00CiONHCeHHs.
83a€MO0Ii eHmepocopbenmié 3i CIU308010 000JIOHKOI KUUEUHUKA K MOOeIbHUll 00’'ckm 0OyI0 SUKOPUCMAHO
npenapam ckionoodiono2o mina oKa.

YV pesynomami mu Oitiuinu 8UCHOBKY, WO HAHOPOIMIDHUL KpemHe3eM OOYINIbHO pO32asA0amu HAcamnepeo sK
0060MIKAIOHUN 3ACT0, OCHOBHUM MEXAHIZMOM Oii K020 € 63AeMO0I 3 2liKonpomeinamu cauz080i Kuweunura. Ak
HACNIOOK, peanizylomscs 06a NiKyeaivhux epexmu: (1) ymeoproemocs nepewkooa 0ist OuQy3ii namo2eHHux peuosut
KpI3b CAU308Y, WO ZHUNCYE IXHIO abcopbyito; (2) anmuodiapetinuil eghekm 3a60KU 3aXUCMY PeYenmopie causo6oi 6io
aoeesii MIKpooOp2au3Mie ma 6nugy MIiKpoOHUX MoKcunie. Bpaxoeyrouu, wo ciuzoea Kuweunuka 6300824 yciei tioeo
dosocunu, 6 Oianaszoni pH 6i0 6.0 0o 9.0, 3apsodjcena HecamusHo, MAaKa 63A€MOO0isi OISl KpeMHe3eMy Mae
8100y8amucst 3 NOOONAHHAM eIeKMPOCMAMUYH020 8iOWmMOosXyeantns. Toomo obeonikarya 30amuicms KpemHesemy
byOe cnabwioro, HidC Yy npenapamie Ha OCHO8I OKCUOY ATIOMIHIIO, AKI 6 KUWEUHUKY 3apa0diceHi no3umugHo. 3azanom,
NOCIUHAIOYULL MEXAHI3M 5K OCHOBHULL 01 NpOsA8Y JAIKY8AAbHOI Oii Mooice Oymu 3acmoco8anuil auuie y pasi
BUCOKONOPUCMUX COPOEHMIB: AKMUBOBAHO20 8Y2ilLIA, Yeoimis, cunikazeino, Syloid® 244FP mouwo.

Knrwowuosi cnosa: enmepocopbenm, mepanesmuuna 0is, KpeMHe3eM, OKCUO ANOMIHIIO, CIU306a KuuleyHuka, pH,
eNeKMpPoOCmamuyHuil 3apso

DOu3NKO-XUMHYECKHI ACTIEKT TepaneBTUYECKOro AeiCTBUA IHTEPOCOPOEHTOB
(TeopeTHyeckoe UCCJIEI0BAHNE)

N.WN. I'epamieHko

Hnemumym xumuu nosepxnocmu um. A.A. Yyuxa Hayuonanvroii akademuu Hayk Yxkpaurel
yia. enepana Haymosa, 17, Kues, 03164, Yxkpauna, igorgera57@ukr.net

AxmueHnoe npoosudiceHue 3HMEPOCOPOEHMO8 HA PbIHOK onepedcaem OemdalbHOe UYYeHUe MeXAHUIMO8 UX
neyebnozo Oeticmeus. Cpedu nompebumeneil u oOadxce y MHO2UX CHEYUAIUCmMos Ovbimyem YNpoujeHHoe
npeocmasgienue 0 mom, 4mo SHMeEpPOCcopOeHmvl IUllb CA3bIGAIOM U GblEOOSIN MOKCUHbL, BbINOJHISL DYHKYUIO
OUYUCMKU Op2aHU3MA.

Lenv Ooannoii cmamvu — NPOOEMOHCIPUPOBATL BAICHOCTL (PUIUKO-XUMUYECKUX (PaKkmopos O NpOosiGieHUs
mepanesmu4eckol akmusHocmu sumepocopbenmos. K makum paxmopam omuocamcs: (1) anexkmpocmamuyeckuti
3apsa0 nogepxHocmu copbenma; (2) pasmep nop, (3) niowade OdocmynHou nogepxrocmu, (4) ecudpoguibro-
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2uodpoobHbvlll b6ananc nogepxnocmu, (5) uoHoobmenHvie ceoticmea; (6) cnocoOHOCMb CMPYKMYPUPOBAMb B0OY.
Ipusedennvie (haxmopvl MONHCHO KOTUYECHBEHHO OYEHUMb C NPUMEHEHUEeM MAKUX Memooos, KaK djeKkmpogopes,
eas08asn xpomamozpagus, memoowl nazeproii koppenayuornoti u 'H AMP cnekmpockonuu, o6bemmbiti ananus u op.
Oonako, 6 apmayesmuueckoi npakmuxe YOOOHee Xapakmepuzo8amv SHMeEPOCcopOeHm Nno CHOCOOHOCMU
adcopbupoeamv me unu uHble mecm-geujecmsea. [ OYEHKU BbIUEHA36AHHBIX (AKMOPOE Mbl UCTONbIYEM
pasHo3apsdICcentble  KpACUmenu MemujieHosblll cunuili u Koueo Kpacuwll, uomwi Zn’', ocenamun, enon u
amunokuciomy mpunmogan. C  nomowwio O0aHHO20 NOOX00d MU  OXAPAKMEPU30BANU — PA3HbIE — MUNbL
AKMUBUPOBAHHO20 V2IiA, HAHOPASMEPHbIL NUpo2ennbili Kpemuesem (Amokcun), nopucmeiii  Syloid® 244FP,
eudpogobmuiii Aerosil® R972, cunuxazens, dnumepoczens, nupozennwvlii okcud amomunus, Cmexmy”™, yeonumot,
KAONUH, PA3HOOOpA3Hble NPOU36O0HbIe YELIION03bl, JUcHUH U Opyeue mamepuainvl. C yeavio UCCIEO08AHUS
83AUMOOEUCMBUSL IHMEPOCOPOEHMO8 CO CAUBUCIOU 000I0YKOU KUWEYHUKA 8 Kayecmee MOOeNbHO20 00bekma Oblil
UCNONL308AH NPENAPAm CMeKI08UOH020 meild 21a3a.

B pezynbmame mul npuwinu Kk 661600y, UMO HAHOPA3MEPHBIN KPEMHE3eM UYeleco0OpasHO paccMampuéans
npesicoe 6ce20 Kak 00601AKUBAIOWEe CPEOCMBO, OCHOGHbLIM MEXAHUIMOM OeliCmEUsi KOMOpo2o SGISAemcs
83aumodelicmeue ¢ 2AUKONPOMEUHAMU CAu3ucmol Kuuleunuka. Kax crneocmsue, peanusyiomcs 08a jieyeOHbIX
agppexma: (1) obpaszyemcs npensmcemeue Ons OUGDY3uUU NAMOSEHHBIX BEUWECE Yepe3 CUSUCTYIO, YMO CHUNCACeM
ux abcopbyuro, (2) ammulduapeinviii 3pexm Orazooaps 3awume peyenmopos CAUUCMOU Om  ad2e3uu
MUKPOOP2AHUZMOB U GIUAHUS MUKDOOHBIX MOKCUHOS. TIpunumas 60 GHUManue, Ymo CAu3UCmas KUMeyHUKa Ha 6cem
e2o npomsidcenuu, 6 ouanazone pH om 6.0 0o 9.0, 3apsoicena ompuyamenvHo, maxoe zaumooeticmeue Oiis
KpemHe3emMa OOJHCHO NPOUCXOOUMb € NPeodoNeHueM dleKmpocmamuieckozo ommankusanus. To ecmo
00801AKUBAIOWASL CNOCODHOCMb Y KpeMHezeMa Oydem clabee, uem )y Npenapamos Ha OCHOGe OKCUOAd ANHOMUHUS,
KOMOpble 8 KULEYHUKe 3apsicenbl RONodcumensvto. Boobwe 2060psi, abcopbupyowuil Mexanuzm KaxK 0CHOBHOU Oisl
nposielieHus 1e4eOH020 OelCmeuUsl NPUMEHUM MOJIbKO 6 CIyYde 8blCOKONOPUCMbIX COPOEHMOE: AKMUBUPOBAHHO20
yens, Yeonumos, CUIUKaeis, Syloid® 244FP u op.

Kntoueewie cnosa: snmepocopbenm, mepanesmuieckoe oelicmsue, KpemHesem, OKCUO ANIOMUHUSA, CAUBUCTASA
KuweyHuka, pH, anekmpocmamudeckuii 3apsao
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