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Abstract. Microporous nanomaterials can provide interesting tools for different goals from bioimaging to
the delivery of bioactive molecules. In this study, the procedure based on cryoapproaches was designed to
formulate the nanoparticles of clinoptilolite from Zeolites mineral family. Applying scanning electron
microscopy, clinoptilolite particles were imaged. Retting the nanoparticles in the ethanol solution of
phosphatidylcholine (lecithin), the particle was encapsulated in lecitin envelope. Registering the diminution
of optical density (OD 235) for ethanol/lecitin solution, the sorption of lecitin by clinoptilolite nanoparticles
was studied with UV spectrometry. The kinetics of lecitin/clinoptilolite complex development was shown
to exhibit intricate behavior, when the adsorption of lecitin was followed with its gradual desorption
resulting in the increase of lecitin content in ethanol solution back toward the original level. The distribution
of final size for lecitin/clinoptilolite complex was determined with dynamic light scattering technique. To
our knowledge, there are no reports of natural zeolite nanoparticles that were used as the platform for
nanosize capsule with phospholipids shell.
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The most natural way of introducing biologically active molecules into the body is through the gastrointestinal tract.
This approach is especially effective if it is necessary to directly deliver substances to the gastrointestinal epithelium [1].
This situation occurs during the treatment of a number of complications due to gastrointestinal upset. However, the effect
of the drug can be significantly reduced by enzymes (peptidases, proteases, amylases, lipases, nucleases) and acidity (pH
~ 2-8). In order to maintain specific activity in an aggressive environment of the stomach and intestinal lumen, the
introduced substances are converted into a colloid or suspension of nanoparticles [2-6].

Inorganic substances are considered as promising materials for creating the micro and nanocontainers [7-9]. Zeolite
is one of the most abundant natural mineral, widely distributed throughout the world and used in food production and
agricultural technologies [10-13]. The microporous structure significantly increases the surface area of zeolite particles
available for adsorption. Among the naturally occurring Zeolites family, clinoptilolite is the most widespread and studied
for biomedical purposes as the antioxidant [14] and anti-inflammatory agents [15], and excellent detoxifying [16]. A
method has been developed to obtain synthetic zeolite nanoparticles in laboratory conditions [17-22]. Even though there
are several synthetic species of zeolites, their production is limited by small volumes, the cost of final products and the
need to purify it from the ingredients involved in the synthesis. An alternative to synthetic nanoparticles may be natural
zeolite, which is mined on an industrial scale [12, 23].

In the case of mucous epithelium, the affinity for the nanoparticle is with the mucous layer, which contributes to its
adhesion on the surface of the layer and further diffusion to the apical membrane of enteric cells. The coating of particle
with shell allows the biocompatibility of water-insoluble [24-26] or solid materials [27, 28]. For this purpose, the surface
of nanoparticles can be modified with phospholipids [29, 30] the main components of cellular membranes. The
phospholipids shell also provides prolonged release of the active substance and protects it from the aggressive
environment of gastrointestinal tract. Therefore, a structure of zeolite (core) and phospholipid (shell) is considered a
promising composition for producing a nanoplatform.

An example of the successful use of aluminosilicate for the transport of biomolecules is a study in which a synthetic
zeolite-L nanocrystal was employed as a container for the delivery of nucleic acids and organic molecules [24]. In this
work, a poly-L-lysine coating allows the transport of the nanoparticle into the HeLa cell to be more efficient. To our
knowledge, there are no reports of natural zeolite nanoparticles with phospholipids shell. In addition, there is no data on
how a phospholipid will behave when interacting with negatively charged clinoptilolite nanoparticles. Thus, the aim of
this work was to: (1) develop a method for producing nanoscale particles of natural clinoptilolite, (2) study the sorption
of phosphatidylcholine by the particles obtained.

MATERIALS AND METHODS

Pretreatment of clinoptilolite. We used the commercial product Litovit M (Russia), which was manufactured from
a natural zeolite originated from Kholinsky deposit, Russia. Cascade mechanical activation allowed the industrial method
to purify natural zeolite from impurities and to obtain the powder of 100% content for active component - clinoptilolite.
The microsize particles were achieved after clinoptilolite powder is triturated in a porcelain mortar at room temperature.
Scanning electron microscopy. The investigated samples were visualized by scanning electron microscopy. The
suspension of clinoptilolite particles in distilled water (30 mg/100 ml) was pre-treated with ultrasound for 20 seconds.
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The suspension droplet of ~ 2 ul was placed on the surface of the sample holder for the electron microscope. After the
water was evaporated at room temperature in the stream of clean air, the specimen was coated with approximately 10 nm
thick platinum layer in a JFC-1600 (JEOL, Japan) unit. A Pt film significantly enhances the signal of secondary electrons,
removes the electrostatic charge and protects the sample from heating, which causes its mechanical destruction. The fine
structure of the object's relief was studied in a scanning electron microscope JISM-6390A (JEOL, Japan), at an accelerating
voltage of 25 kV in the secondary electron mode.

Extraction of phosphatidylcholine. Phosphatidylcholine was extracted from nutrition additive of E322 (Cargill
Lecigran 1000P, Germany), which is a mixture of polar phospholipids. A portion of 600 mg was thoroughly mixed in 6
ml of 100% Ethyl Alcohol (ETON) until a homogeneous suspension. The extraction of ETON soluble phosphalidylcholine
(lecithin) was carried out at room temperature for 24 hours. The undissolved component was separated by centrifugation
at 600g for 10 minutes. The uterine extract obtained in this way was taken into a clean glass sealed tube, which was stored
at 4 ° C in the dark. For the experiments, a working solution was used, which was obtained by diluting the mother liquor
30 times with ethanol.

Application of phosphatidylcholine to the particle surface. A portion of 20 mg of clinoptilolite particles was
incubated at room temperature for a different time interval (1 / 4h, 1/2h, 1h, 1.5h, 2h, 3h, 4h, 6h) in 4 ml of a working
solution of lecithin stirring with horizontal shaking. The resulting suspension was centrifuged at 600 g for 10 minutes.
Then, 3 ml of supernatant was taken into a quartz cuvette. The lecithin solution sample thus obtained was investigated by
UV spectrometry.

UV spectrometry. In the ultraviolet region of the absorption spectrum of phosphatidylcholine, three maxima are
recorded: 200-210 nm, 235 nm and 280 nm. For measurements, we used the absorption peak of carbonyl groups at a
wavelength of 235 nm. The choice was due to the instability of the signal at a wavelength of 200-210 nm, as well as a
relatively low peak level at 280 nm. The optical density of the initial working solution of lecitin at a characteristic
wavelength (235 nm) is 0.76 units, which corresponds to optimal conditions for analytical measurements on a Specord
M40 spectrophotometer (Carl Zeiss, Germany).

RESULTS AND DISCUSSION

Obtaining nanoscale particles of natural clinoptilolite. After grinding in a planetary mill and a porcelain mortar,
clinoptilolite powder was ground at -35 ° C in an agate mortar. The powder obtained at low temperature was transferred

X30,000 0.5pm

Figure 1. Microphotographs of clinoptilolite particles: (A) the original sample of “Litovit M”; (B) the powder after
grinding “Litovit M” in a planetary ball mill; (C) the powder obtained after grinding the powder in a porcelain mortar
at room temperature; (D) nanosize particles obtained after additional grinding of powder in an agate mortar at a low
temperature of -35 ° C followed by low-temperature dehydration in vacuum. Insertion: the size distribution of nanoscale
particles of clinoptilolite with a lecithin shell
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Figure 2. The change in optical density (OD 235) at a wavelength of 235 nm in the absorption spectrum of the working
solution of alcohol-soluble lecitin depending on the incubation time of clinoptilolite nanoparticles in it

in vapor of liquid nitrogen to a vacuum chamber, where the sample was heated to room temperature. This technique
eliminates the condensation of water vapor from the atmosphere to the surface of a cold sample, which causes aggregation
of particles. The obtained clinoptilolite sample was visualized by scanning electron microscopy. Figure 1 shows the set
of microphotographs demonstrating changes in the size of clinoptilolite particles at different stages of the proposed
technology.

It is seen that after the planetary mill from the initial preparation (Fig. 1A) we obtain micron-sized particles
(Fig. 1B). As aresult of subsequent grinding of the sample in a porcelain mortar at room temperature, spherical submicron
clusters are formed (Fig. 1C). After the final stage of low-temperature processing, nanosized particles were obtained (Fig.
1D), the magnitude of which varies. The inset in the figure shows a histogram of the size distribution of the clinoptilolite
/ lecithin complex in the range of 140 nm - 260 nm and a maximum in the region of 190 nm. Data obtained by dynamic
light scattering.

Clinoptilolite/lecithin complex. Sorption of the obtained zeolite particles of lecithin from the working solution was
carried out in accordance with the described procedure. The presence of an effect was determined by a decrease in the
content of phosphatidylcholine, measuring the optical density of the solution at a wavelength of 235 nm (OD 235). Figure
2 shows the value of this parameter at different time intervals for the incubation of nanoparticles.

It is seen (Fig. 2) that the kinetics of sorption of phosphatidylcholine is complex. A decrease in optical density means
a decrease in the concentration of lecithin in solution as a result of the formation of a clinoptilolite / lecithin complex.
This process is realized through adsorption, since the size (~ 0.2 nm) of the pores of the zeolite does not allow phospholipid
molecules to penetrate into the particles. Thus, a nanoscale platform is formed with a clinoptilolite core and a layer of
lecithin on the surface.

Within two hours, the lecithin content in the solution reaches a minimum value (~ 0.4 OD), but the adsorption
process is reversible. Over time, the optical density of the solution is restored to the initial level (Fig. 2), which means the
presence of desorption of phosphatidylcholine. This experimental fact allows us to apply the method of direct
identification of the presence of clinoptilolite / lecithin complex. For this purpose, the precipitate, which was obtained by
incubating 20 mg of zeolite particles in 4 ml of a working solution of lecithin, was transferred to 15 ml of distilled water
to remove unbound phosphatidylcholine. After centrifugation (600 g) of the suspension, water was carefully taken and 3
ml of ethanol was added to the precipitate. Further desorption of lecithin was carried out for 24 hours at room temperature
in the dark. The effect was evaluated by increasing the optical density (OD 235nm) of the alcohol solution (Fig. 3).

The diagram (Fig. 3) shows that relative to the beginning of the experiment (Fig. 3-1), as a result of phospholipid
adsorption on clinoptilolite particles, the concentration of lecithin in the working solution decreases (Fig. 3-2). After
adding ethanol to the sediment of the clinoptilolite/lecithin complex (Fig. 3-3), desorption of phosphatidylcholine is
observed. As a result, an increase in the optical density of the solution is recorded (Fig. 3-4), which indicates the presence
of a lecithin shell in the zeolite particle. The combination of nanoscale and phospholipid coating is a prerequisite for the
successful diffusion of particles through the barrier layer of mucus of the enteric epithelium [31, 32]. We met these criteria
when creating a nanoplatform from a natural clinoptilolite with a lecithin shell. The possibility of transferring
biomolecules by a zeolite nanoparticle is shown by the example of nucleic acids [24]. However, one should take into
account not only the carrier properties of the zeolite nanoparticles, but other possible uses including excellent detoxifying
[16] and as the antioxidant [14] or anti-inflammatory agents [15].

The data obtained allow us to make the following conclusions. This work describes a very first example of the use
of nanoparticles from zeolite of natural origin as cores to create the capsule with phospholipide shell. Clinoptilolite
nanoscale particles were successfully produced using ordinary laboratory equipments and the commercial product
containing clinoptilolite (100%). The mode size of ~100 nm was achieved after its grinding at low temperature of -35°C
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Figure 3. Changes of optical density (OD 235) at a wavelength of 235 nm in the absorption spectrum of lecitin/ethanol
solution: (1) the solution of lecithin in ethanol, (2) after incubation (2 hours) of clinoptilolite nanoparticles in
lecitin/ethanol solution, (3) ethanol, (4) after incubation (24 hours) of clinoptilolite/lecitin complex in ethanol

followed with freeze-drying. These results are very promising from the point of view of micro- and nanogrinding of
tailored products. Using a solution of phosphatidylcholine in ethanol, a method for creating a nanoplatform based on a
clinoptilolite core with a phospholipid shell has been developed. It was shown that the formation of lecitin/clinoptilolite
complex has complex kinetics when the adsorption of lecithin with its subsequent desorption into a ethanol is recorded in
the initial phase.

This work was supported by the Russian Science Foundation grant Ne 20-16-00019.
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