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ABSTRACT

A method for obtaining a nanocomposite from hydrophobic clays with bactericidal properties is
considered, which plays the role of a drug matrix intercalated agar-agar. Such nanocomposite
materials are increasingly used in medicine as matrices for medicines and vitamins using their
adsorption properties and long-term exposure. It was established using TEM analysis that
halloysite particles from Beloye Glinische deposit are nanoscale and have a cylindrical shape with
a length from 200 nm to 1000 nm and a diameter of nanoparticles from 50 nm to 80 nm. The first
stage of the bionanocomposites manufacturing process was the treatment of halloysite
Received: September 13, 2023 nanoparticles with silver ions to impart antimicrobial properties, and hydrophobization with a
Peer-reviewed: December 20, 2023 cationic surfactant was carried out at the next stage. It was established by the X-ray diffraction
Accepted: March 5, 2024 method that the interlayer space of HNT has been expanded from 9.998 A to 17.5 A on the result
of the cationic adsorption on the HNT. FTIR spectroscopy also proved the adsorption of surfactant
molecules on halloysite by the presence of an appropriate absorption band. The adsorption of
silver on a nanotube made of halloysite was revealed by the method of energy-dispersive X-ray
spectroscopy. Antimicrobial properties of silver-treated and organophilic halloysite have been
established and proved by in vitro analyses in microbiological laboratories about Escherichia coli.
Hydrophobic samples of these organophilic clays had edge angles higher than 90° and this proves
that all samples are hydrophobic. The resulting organophilic clays were intercalated into an agar-
agar matrix and were thrown into a solution of calcium chloride, which gave them stability in a
liquid medium. It has been practically established that the most optimal bionanocomposite
microsphere is a 50% ratio of organohalloysite and agar-agar.
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Introduction

Academician Sh.B. Battalova described in detail
the chemical and physical properties of Kazakhstani
clays, she showed the possibility of using bentonites
from Kazakhstani deposits as catalysts for oil
refining, adsorbents of dye ions and heavy metals, as
well as for cleaning vegetable oils, petroleum
products and wool washing [1].

Currently, Kazakhstan's clays have been
sufficiently studied by scientists from foreign and
neighbouring countries, but even then they do not
have a wide range of applications in production
facilities within Kazakhstan, as they are transported
from foreign marketplaces. As a result of the work,
there will be results that will determine the scope of
application of various clays in Kazakhstan [[2], [3],
(4], [5], [6], [7], [8], 9], [10]].

In the domestic market, there is a growing
demand for organoclays, drilling fluids and additives
to building mixes. In addition, the development of
nanotechnology and the production of new
composite materials based on nonpolar polymers
implies an expansion of the range of organoclays
with differentiated surface hydrophobicity [[5], [6],
(7], [81].

The aim of this work was the synthesis of a
biodegradable nanocomposite based on halloysite
nanotubes (HNT), with prolonged bactericidal
properties and high capacity, capable of absorbing
harmful ions in the body and releasing vitamins
contained in it during ion exchange.

Experimental

Materials

The halloysite clay of the White Clay deposit,
which has the shape of a hollow cylinder with a
length of 200-1000 nm and a diameter of 50-80 nm,
was chosen as a matrix for obtaining a
biodegradable nanocomposite [[4], [5]]. The mineral
is characterized by a 1:1 crystal structure and a high
water content. The colour is white with a hardness
of 1-2.5 on the mineralogical scale and a density of
2.6 g/cm3.

Octadecylamine (CAS No: 124-30-1, Sigma
Aldrich) A solution of a cationic surfactant was used
to produce organoclay [[4], [6], [11]]. The chemical
formula is CigH3sN, a white crystal with a molecular
weight of 269,5 g/mol.

To impart bactericidal properties to halloysite
nanotubes, silver nitrate (CAS: 7761-88-8, Sigma
Aldrich) was used, which is a salt of the transition

metal of silver and inorganic nitric acid with the
formula AgNOs.

Agar-agar (C12H1809)n (CAS No: 9002-18-0, Sigma
Aldrich) was used as a polymer biodegradable matrix
and for the absorption of drugs

Methods

For X-ray diffraction analysis, an automated
Drone-3 diffractometer with CuK, radiation and a 8
filter was used (U=35 kV; 1=20 mA; capture 6-26;
detector speed 2 degrees/min.). X-ray phase analysis
of the diffractogram of powder samples was carried
out on a semi-quantitative basis by the method of
equal suspensions and artificial mixtures.

The scanning electron microscope belongs to
the most modern devices for conducting research
work of the highest automated processes in the
direction of nanotechnology. It is an apparatus that
is necessary for obtaining permissible shots of at
least 2.5 nm and conducting quantitative and
qualitative analyses of nanomaterial objects.

Transmission electron microscopy (TEM) was
used to describe the structure of the material both
in terms of sample size and surface.

Infrared spectroscopy is a method that studies
the interaction of infrared light with matter.

The goniometer is a device for measuring the
contact angle by the method of measuring the drop
lying down.

Results and Discussion

In the process of carrying out the work, it was
necessary to prepare the first halloysite, then
silvered clay and after the silvered organohalloysite

Halloysite deposits in Kazakhstan are located in
two places [[6], [7], [8], [9], [10], [11], [12], [13], [14],
[15], [16], [17]], these are the halloysite of the
Beloye Glinishche deposit near Karaganda and the
Aizin-Tamara halloysite deposit in the Akmola
region. The choice of halloysite from the Beloye
Glinishche deposit is justified by the fineness of the
mineral and the basic composition, which is
represented by halloysite with chemical formula
A|4[Si4010][OH]8'4H20 or A|203'25i02'4H20. It has
been proven that the mineral halloysite practically
never occurs in its pure form, most often together
with kaolinite and quartz or a mixture with other
aluminosilicate minerals. To separate the mineral
from quartz particles, Karaganda halloysite was
crushed, sieved and washed by decantation in
laboratory conditions. X-ray diffraction analysis was
performed to confirm the resulting powder's
composition.
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Figure 1 - 3D dimensional structure of halloysites [[4], [17]]

Table 1 below shows the mineral composition of
the sample by the quantitative indications of a semi-
digital X-ray phase analysis.

Table 1 - Findings of semi-digital X-ray phase analysis

1 2

Halloysite Al2(Si20s)(OH)a SiO; and others

81.2. % 18.8. %

The mineral halloysite has the form of rolled
sheets [[4], [12]], the diagram below shows the 3D
dimensional structure of the halloysite, Figure 1.

As the results of X-ray diffractometric analysis
showed, the bulk of the mineral, i.e. 81.2%, is
halloyisite. Two types of halloysite 10A and halloysite
7A are known in nature, since the interlayer space is
9.997 A, it is determined that halloysite White Clay
belongs to the type - halloysite 10A. In the
generalization of halloysite [[7], [12]], the authors
described that the studied composition of halloysite
corresponds to the chemical formula Al,Si;Os(OH),
nH,0, where n=0-2. The structure of halloysite - (7A)
is described by a hexagonal unit cell with edge
lengths a=5.14, b=8.9, c=17.7 A; the values of angles
a=97-104, PB=90-91.8, y=90° differ slightly from
different authors [[8], [13]].In tubular structures of
halloysite, its long axis is often associated with the
crystallographic axis. To identify halloysite-(10 A), X-
ray phase analysis uses a reflex with d001, which is
absent in the spectrum of several polymorphs of the
kaolins. This corresponds to the sum of the

thicknesses of one mineral layer of 7.14 A and a
monolayer of water of 3 A. The authors [[4], [5], [6],
[7], [8], [9], [10], [11], [12]] determined that the
outer surface of aluminosilicate nanotubes consists
mainly of siloxane groups (Si-O-Si). Aluminol (Al-OH)
functional groups are also placed on the inner
surface of the cavity and between the layers. The
inner type is Al-IT is directed towards the tetrahedral
silica mesh. As a result of structural defects, silanol
(Si-OH) and additional Al-OH functional groups are
formed on the fractures of silicate particles (Fig. 1
and 2) [12].
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Figure 2 - Diffractogram of the halloysite (a) mineral

Also of interest is the demonstration of the
presence of halloysite nanotubes determined by
scanning electron microscopy (SEM), this analysis
was conducted through the "National Open-type
Nanotechnology Laboratory" at the Al-Farabi Kazakh
National University. The results are shown in Figure
3.
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Figure 3 - Morphology of mineral halloysite. a — SEM figures and b — TEM figures
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Figure 4 - Determination of silver ions by energy
dispersion X-ray spectroscopy

Halloysite particles consist of fibrous particles,
with a particle length of the order of 200-1000 nm,
tube diameters range from 50-80 nm, SEM and TEM
pictures (Fig. 3a and 3b). It is known that halloysite
exists in the form of nanotubes, and these
nanotubes are present in a hollow form [3], although
due to the limitations of the SEM method, this
cannot be confirmed. However, SEM analysis made
it possible to determine the size of the nanotubes. In
this regard, a TEM study was undertaken to verify
the hollow structure of the nanotube. TEM analysis
was carried out in the nanolaboratory of the Kazakh-
Japanese Innovation Center of the Kazakh National
Agrarian University. The obtained result is presented
in Figure 3.

From Figure 3, it is evident that HNTs are in the
shape of spherical tubes, with diameters ranging
from 20 to 50 nm. Halloysite belongs to the colinite
group and, unlike kaolinite, is located in two layers
and contains a small number of water molecules.
The critical grid scheme has a 1:1 ratio of clay types,
one of which consists of aluminium oxide, and the

g

Escherichia coli

10,00

Figure 5 - Zones of inhibition of the growth of
Escerichia coli shoots of silver ion planted clay (21-
23mm).

other of silicon oxide [13]. The plates curl into tubes
due to the sharp difference in the amount of silicon
and aluminium ions. In this case, a folded tube is
formed, inside of which there is a layer of aluminium
oxide, and outside - a layer of silicon oxide. With
different ionization of silicon by aluminium oxide,
the dielectric properties are different. Aluminium
oxide, if for example placed in a solution with pH =
8.5, will have a positive charge. The different charges
on the outer and inner surfaces of halloysite tubes
are associated with the possible filling of the inner
part of the tubes with negatively charged molecules.
Another attractive feature of Halloysite in
comparison with other clays is that it has a large
specific surface area. During the work, the halloysite
was previously modified with silver ions. The
bactericidal and antiseptic properties of silver ions
and the ability to resist 650 types of bacteria are
known [[14], [15]]. When modifying halloysite with
silver ions, it was important not to change the
morphological nature of the HNT, because the
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introduction of a drug into the hollow part of the
tube is implied.

The modification process was carried out simply,
using a prepared solution of silver ions C(AgNO3) =
0.4 mg/|

The result of energy dispersive spectroscopy,
proving that halloysite contains silver ions, is
presented in Figure 4. To determine the presence of
silver ions, an SEM image is first created, then by
randomly placing a point on an area of the sample,
an area of interest is selected (point 001 in Figure A)
and the spectra of this region B. In Figure 4, the
spectra coloured green are responsible for the clay
mineral and silver ion. There is no need to pay
attention to the content of carbon and chlorine ions
revealed by the analysis since they are present in the
composition of the substrate used.

Since silver ions can quickly oxidize in the sun
and turn into silver oxide, all the samples obtained
were stored in tinted glass containers, away from
sunlight. The bactericidal properties of the resulting
silver halloysite were tested. Testing of bactericidal
properties was carried out by order in the
microbiological laboratories INVITRO in Almaty.

The bactericidal properties were studied on the
bacterium Escherichia coli (intestinal worm Rod),

clay in an amount of 0.4 g was placed in a test tube,
and then 10 ml of distilled water was added and
thoroughly mixed. The test culture of Escherichia coli
was sown in Petri dishes on top of the nutrient Agar.
Then grooves were made on the agar, as shown in
Figure 5, and 0.2 ml of the test suspension was
poured. It was grown for 3 days in a Petri dish at 37
°C in a thermostat. As a result, the bactericidal
property of the clay on which silver ions were applied
was confirmed, in particular, to suppress the growth
of Escherichia coli bacteria.

If the interlayer gallery expands, this may
indicate the ingress of large molecules into it, that is,
intercalation or detachment, therefore, to exclude
changes in the structure of the sample under study
after modification with silver, a repeated X-ray
diffraction analysis was performed.

The analysis confirmed the change in the
interlayer gaps from d =9.9 A (Figure 6) to d =17.50 A
showing that octadecylamine (ODA) adsorption
occurs. After organomodification with
octadecylamine (ODA), the excess ODA was washed
in three stages for complete removal. In this
connection, ODA molecules were studied by IR
spectroscopy to confirm their presence on the
surface of the halloysite.
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Figure 6 - Diffractogram of the halloysite (a) and organomodified halloysite (b) minerals
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Figure 7 - IR-spectroscopic analysis results; a-halloysite; b-organohalloysite

Figure 8 shows the IR spectra of the halloysite
clay of the White Clay deposit (a) and its modified
ODA (b) hydrophobic clay. The values of 3699.06 cm’
1 3698.64 cm™, 3696.52 cm™, and 3698.48 cm™ in
halloysite determine the presence of an oh group
with which absorption bands are associated. The
absorption of the free OH group in the spectrum of
modified ODA halloysite corresponds to a frequency
of 3550-3150 cm™® and in the enriched natural
spectrum of halloysite a short band of medium
intensity 3620.99-3621.38 cm™. These bands
indicate a strong association of the OH group with
Halloysite. In the spectrum of modified ODA
halloysite, the absorption of the trans-N-H band of
the secondary amine is determined by bands
3317.80 and 3323.97 cm™ with moderate intensity,
and these bands manifest themselves at a very
higher frequency compared to the spectrum of
modified ODA (B) halloysite, whereas in halloysite
these bonds manifest themselves at a lower
frequency (a). The absorption of the spectrum in
question in this area occurs at a very high intensity.
The sample is presented in the form of a film (or
tablets with KBr), and the absorption region of
various symmetric C-H bonds in the spectrum of
ODA-modified halloysite is observed in the regions
of 2937 and 2860 cm™. Absorption bands of
deformation vibrations of the hydroxyl group in the
spectrum of natural halloysite and its modified form
with ODA bands are manifested at frequencies
1639.33, 1639.76, and 1637.90cm™. The CHx-group
in deformation oscillations is in the region of 1500-
1300cm™ of the research spectrum. In this area,
high-frequency components are associated with

antisymmetric deformation and low-frequency
components with symmetric deformation of these
groups.

The absorption bands 1129 cm™ and 1150 cm™
of the spectra of modified ODA halloysite reflect
valence vibrations of the natural and antisymmetric
C-N bond associated with various particles in the
molecule. This region is not observed in the
spectrum of enriched natural halloysite. Thus, from
the results of the IR spectra of natural halloysite and
modified ODA halloysite, the following conclusion is
drawn: in modified ODA halloysite, there is a
significant decrease in free O-H bonds, which
indicates a decrease in the number of bands in the
corresponding spectral region and also indicates
mixing of the remaining bands at a lower frequency.
The spectrum pattern changes accordingly in the
region of 1120-1000 cm™.

Organomodified halloysite can float on the
surface of water, Figure 8 (the picture was taken
after t=150 days). That is, organophilic halloysite is
hydrophobic because it has a constant chemical
composition

L N

y

S o

NNT . /"
Figure 8 - Organoclay powder newly placed on the
surface of the water after t=150 davs
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Table 3 - Values of water absorption angles for samples of organoclay powders obtained at different concentrations of

ODA
Ne Consumption of ODA spent on Angles of incidence, Names of organoclay of various modifications
modification, mole/litre degrees (ODA-modified and bactericidal)
1 Silvered halloysite 9° BOMCO
2 0.000625 122° BOMC1
3 0.00125 129° BOMC2
4 0.0025 130° BOMC3
5 0.005 131° BOMC4
6 0.01 132° BOMC5

SEI  18kV
General Sample

WD8mm S§S40

SElI  13kV WD7mm $540
General Sample

Figure 9 - SEM images of organomodified silveredhalloysite mineral

Thus, bactericidal organoclays of 6 types were
obtained (Table 3) by modifying silver-plated
halloysite with octadecylamine, labelled from
BOMGO to BOMGS. Since the organomodification
process is carried out at a certain temperature mode
of operation, it was important to make a
morphological analysis of the particles of the
resulting hydrophobic organohalloysite since it was
necessary to preserve the organohalloysite spatially
intact in the form of a nanotube during the process.
For verification, an SEM picture of the
organohalloysite was taken using the SEM method
(Figure 9).

Using SEM analysis, the width and length of
organophilic nanotubes made of halloysite were
measured, it was found that the width ranges from
10 to 100 nm, and the length reaches ~1000 nm. It
has been proven that this does not affect the type of
rolled sheet.

At the next stage, the resulting silver sample of
organophylic halloysite BOMC4 was embedded in a
polymer matrix (agar-agar) to obtain samples of
bionanocomposite. To create compactness, several
pieces of samples were placed in a calcium solution.
At the next stage, the masses, sizes and swollen and
dried samples of bionanocomposite were studied.
The data is shown in Table 4.

According to the data in the table, a spherical
binanocomposite formed from silvered organoclay
and agar-agar in a calcium shell shows water
resistance and shows good swelling, although they
were left in water for 72 hours to swell. This shows
that this bionanocomposite with antimicrobial
properties is a good enough result to be introduced
into its drugs [[16], [17], [18], [19], [20]].
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Table 4 - Composition of the bionanocomposite and their parameters

Ne | Percentag | Massof | The Percent | The average | The average | The proportion | The
Ne | es of the micropar | mass of | age of diameter of diameter of of absorbed "lifetime"
compositi | ticlesin micropa | reducti | the microparticle | water, dried of
on of the swollen rticlesin | on of microparticl | sindried samples, after | microspher
OHNT in form, g dried microp | esinthe form, g swelling in es, the
agar-agar form, g articles | swollen water fromits | frequency
form, g size of swelling
/ drying
1 0,1% 0.560 0.059 89.46 ~2 ~0.8 320% 42 time
2 1% 0.623 0.068 89.09 ~2 ~0.83 303% 45 time
3 10% 0.681 0.0998 85.31 ~2 ~0.85 273% 53 time
4 50% 0.710 0.132 81.42 ~2 ~0.9 233% 63 time
5 90% 0.740 0.149 79.86 ~2 ~1.6 143% 15 time

As can be seen from Table 4, in microspheres
with an increase in the amount of organoclay, the
absorption capacity of the microspheres of the
bionanocomposite decreases. According to Table 4,
a 50% microsphere with an oragnohalloysite
nanotube (OHNT) absorbs liquid (water) almost 1.6
times worse than with their 0.1% sample, but the
lifetime is better than other samples. Hence, it was
concluded that the most optimal bionanocomposite
microsphere is a 50% ratio of OHNT and agar-agar
since it was necessary to introduce the maximum
value of OHNT into these microspheres. The need to
introduce OHNT into the agar-agar microsphere is
that the bionanocomposite we have obtained should
participate in the metabolism of nonpolar
substances in the human body.

Conclusion

Thus, attention to the creation of
bionanocomposites has been increasing recently.
The results obtained by us significantly affect the
methods of obtaining new types of medicines using
clay minerals, expanding the scope of application of
organomodified clays. Nanotechnology seems to be
a serious scientific field capable of creating various
nanobiocomposites with the expansion of their
scope of application. Thanks to scientific research in

this direction, the prospects for the creation and
application of various types of nanoglines are
significantly expanding. Research in this direction is
promising and can expand the possibilities of
creating various forms of medicines due to the
synthesis of halloysite with oleophilic and
bactericidal properties, structuring and
microcapsulation of a bionanocomposite based on
halloysite.
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TYWIHAEME

Makanaga QAopinik matpuua peniH aTtkapaTblH 6akTepuumaTik KacveTi 6ap ruapodobTbi
casgapaaH 6MOHAHOKOMNO3UT any aAici KapacTblpblifaH. MyHAal Aapinik GUOHAHOKOMNO3UTTIK
MaTepuanzap *Kofapbl aAcopbLMANbIK KACUETKE KaHE Y3apTbiNfaH SpeKeTKe ne 6oNFaHAbIKTaH,
SPTYPAi ASPYMEHAEP MEH A3Pi-A3PMEKTEPAi TaCbiManfayLlbl MaTpULLA PeTiHAe NainaanaHy ywiH
ycbiHbInaabl. M3M Tangaybl apkbiibl benoe MUHULLE KEHOPHbIHbIH, Fanayasuti HaHoenWwemAai
KoHe y3blHAbIFbl 200 HM-AeH 1000 HM-re AeiiH UMAMHAP Topi3Ai KaHe HaHobenlwekTepain,

Makana kengi: 13 Kelpkytiek 2023 avametpi 50 HM-geH 80 HM-re aeliiH 6onaTbiHAbIFbI aHbIKTaNfFaH. BUOHAHOKOMNO3UTTI eHAipy
CapanTtamagaH eTTi: 20 xeamokcaH 2023 npoueciHiH bipiHWi Ke3eHiHAe MUKPOBKa Kapchbl KacueTTep 6epy yLiH ranayasut HaHobewekTepi
Kabbinganapl: 5 Haypei3 2024 KYMiC WMOHAApbIMeH eHAenedi, an Keneci KeseHae KaTMoHAbl 6eTTik benceHai 3aTtneH

rmapodobTanaabl. KatmoHabl BA3 aacopbumackl KypreHairi peHTreHAndPaKUMANbIK dAicneH
aHbIKTaNApl, MyHbl NakeTapanblk KeHicTik 9,998 A-pgaH 17.5 A-fa peliH bifbiCKaHbIHaH Ginyre
6onaabl. CoHpali-ak, ®ypbe WHOPaAKbI3bIN  CNEKTPOCKOMUACbIHA  Calikec abcopbumanbik,
KoNakTapabiH, 601ybl BA3 moneKynanapbiHbIH, rannyasuTTe agcopbumnanaHaTbiHbIiH Asnengea;.
JHepreTUKanblK AUCNEPCUANBIK PEHTIEHAIK CNeKTPOCKONMALA KYMIC MOHAAPbIHbIH, COMKEC XKYTy
JKOMAKTapbIHbIH,  6ONYbl  rannyasuT  HAHOTYTIKWeCIHAE  KYMICTiH  afcopbumanaHaTbiHbIH
panengenai. KymicneH eHaenreH xaHe opraHodUbAj rannyasuTTiH MUKPOBKa Kapcbl KacueTTepi
iluek TaAKWacbiHa Kapcbl invitro HaTWKenepi 6GOMbIHWA MUKPOBMONOTUANDBIK 3epTxaHasa
aHbIKTangpl. fmapodpobTanFaH opraHorannyasut yAarinepiHib, uek 6ypbiwTtapbl 90 rpagycraH
JKOFapbl 6onabl KaHe 6yn 6apablk yarinepaid rmapodobTbl ekeHiH ganengendi. AnbiHFaH
opraHoouabAi casgap arap-arap MaTpMLACbIHA EHTi3iNiN, CyMblK OpTaga TYPaKTbiNbIK 6epeTiH.

TyiiiH ce30ep: BUOHAHOKOMMNO3MT, ranyasuTTi HaHOCa3, KYMicTenreH cas, 6akTePULMATIK KacKeT,
oneodpuansauma, Mukpochepa, Aapi TacbimanarbiluTap.
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AHHOTALUMUA

PaccmoTpeH cnocob nonyyeHns GoOHaHOKOMMO3WTa U3 rMAPOGOBHbBIX TUH ¢ BaKTepULMAHBbIMU
CBOWCTBaMM, KOTOPbIA WUrpaeT posib JIEKAPCTBEHHOM MaTpuupbl. TakuMe NeKapCTBEHHble
6MOHAHOKOMMNO3UTHbIE MaTepUabl PEKOMEHAYHOTCA 1A UCNONb30BaHMA B Ka4ecTBe HoCUTeNen
PasNNYHbBIX BUTAMUHOB M NEKAPCTBEHHbIX NpenapaToB 61arofapsa UX BbICOKMM afcopbUMOHHbIM
CBOWCTBAaM M MPOJIOHTMPOBAaHHOMY AEMCTBUIO. YCTaHOBNEHO ¢ nomouwpto MIM-aHanusa, uTo
4YacTMUbl ranayasuta MectopoxaeHusa benoe MuHULLE ABNAKOTCA HAHOPa3MEPHbIMU U UMET
unnnHapuyeckyto dopmy anmHoi ot 200 Hm o 1000 HM 1 AnameTp HaHouvacTuy, ot 50 Hm go 80

Moctynuna: 13 ceHmabpsa 2023 HMm. [lepBoi cTaauei mnpouecca M3roToBleHUA OWOHAHOKOMMO3WTa ABAANAcb 0b6paboTKa
PeueHsnposaHue: 20 dekabps 2023 HaHoYacTWL, rannyasMta MoHamu cepebpa ANA NPUAAHMA AHTUMMKPOBHbLIX CBOMCTB, a Ha
MpuHaTa B nevatb: 5 Mmapma 2024 cnepytowem stane 6bina nposefeHa rMapodobM3aLMA KaTUOHHBIM MOBEPXHOCTHO-aKTUBHbBIM

BELEeCTBOM. PeHTreHANPPaKLUMOHHBIM METOAOM YCTaHOB/EHa aacopbuma KaTuoHHbIM MAB, Tak
KaK MeXMnaKeTHoe MPOCTPaHCTBO paclmpeHa ¢ 9,998 A po 17.5 A. Takxke WK-cnekTtpockonusa
®ypbe HaNMuMem COOTBETCTBYHOLLMX NOOC NOFNOLWEHUA AOKa3ana agcopbumio monekyn KMNAB Ha
rannyasvuTte. Hanuuve  COOTBETCBYIOWMX MONOC  MNOM/OWEHMA WMOHOB  cepebpa  Ha
3HEproAnCnepcUoOHHONW PEHTTEHOBCKOM CMEeKTPOCKOMNWA AoKasbiBaeT agcopbumio cepebpa Ha
rannyasuToBoi HaHOTPYbKe. YCTaHOBEHbl aHTUMMUKPOBHbIE cBOMCTBa 06paboTaHHOro cepebpom
M opraHoduAbHOrO rannyasuta MUKpobuonormyeckumm nabopaTopHbIMM — pesynbTaTamu
MHBUTPYB MO OTHOLIEHWIO KULWWEYHOM nanouku Escerichia coli. TnapopobursnposaHHble 06pasLbl
opraHorannyasuta UMenun Kpaesble yrabl Bblle, Yem 90 rpagycos v 3TO AOKa3bIBaeT, YTO Bce
06pasubl AsnaA0TCA raApPodobHbIMU. MoNyYeHHble OpraHOdUIbHbIE IUHBI BblAN BHECEHBI B arap-
arapoBylo matpuuy ¥ 6bian GpolieHbl B pacTBOP KanibUWA X10puAa, KOTopble NpuAaaloT Um
YCTOMUYMBOCTL B XMAKOW cpepde. [paKTUHYECKM YCTaHOB/AEHO, 4TO Hambonee ONTUMAaNbHOM
6MOHAaHOKOMMNO3UTHOM MUKpochepoit aBnaeTca 50% COOTHOLIEHWE OpraHorannyasuTa W arap-
arap.

Knoyeevie cn06a: BVWOHAHOKOMMO3MWT, rannyasuToBas HaHOMIMHA, cepebpsaHas rAuHa,
6aKTepuLMaHbIE CBOICTBA, 0Ie0dUAMN3aLIMA, MUKpOCchEpPa, HOCUTENN IEKaPCTB.
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