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ABSTRACT 
 

Microporous materials can provide interesting tools for different goals from bioimaging to the delivery of 

bioactive molecules. In this study, the procedure based on cryo-approaches was designed to formulate the 

nanoparticles of natural clinoptilolite from the Zeolites mineral family. Applying scanning electron microscopy, 

clinoptilolite samples were imaged. After aging in the ethanol solution of phosphatidylcholine (lecithin), 

nanoparticles were encapsulated in the lecithin envelope. The adsorption of lecithin by clinoptilolite 

nanoparticles was studied by registering the diminution of optical density (OD 235) for ethanol/lecithin solution 

at 235 nm with UV spectrometry. The kinetics of lecithin/clinoptilolite complex development was shown to 

exhibit intricate behavior, when the adsorption of lecithin was followed with its gradual release resulting in the 

increase of lecithin content in ethanol solution back toward the original level. The size distribution for the 

lecithin/clinoptilolite complex was determined with a dynamic light scattering technique. To our knowledge, 

there are no reports of natural clinoptilolite-based platforms that were used as the for a nanosized capsule with 

phospholipids shell. 
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INTRODUCTION 

Oral delivery is the most common method for biologically active molecule administration in a clinical procedure 

in humans. This approach is especially effective to deliver substances directly to the enteric epithelium [1]. 

Microorganisms represent excellent sources of enzymes [2]. However, the enzymatic activity, and the acidic 

gastric environment, and the continuous mucus secretion can significantly limit the therapeutic effect. To defend 

specific activity against the aggressive environment of the gastrointestinal tract, the administrated inorganic or 

solid substances are engineered into nanoscale dispersive formulations [3-7]. 

The applications of nanotechnology are exponentially growing in industry and medicine, due to interesting 

properties of engineered nanoparticles [8]. Nanoparticles offer distinct properties such as particle size, increased 

chemical reactivity, and increased surface area/mass ratio compared to their bulk counterparts [9]. 

Nanomaterials in the life cycle and ecosystems exhibit the lowest toxicity [10]. Porous materials are considered 

as promising materials for creating the micro and nanocontainers [11–13]. Zeolite is one of the most abundant 
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natural mineral widely distributed throughout the world, and used in consumer products, and utilized in 

agriculture [14-16]. The microporous structure significantly increases the surface area of zeolite particles 

available for adsorption. Among the naturally occurring zeolites, clinoptilolite is the most widespread and 

studied for the application in biomedical engineering [17]. This mineral acts like an antioxidant [18], and anti-

inflammatory agents [19], and excellent detoxifying [20]. A method has been developed to obtain synthetic 

zeolite nanoparticles in laboratory conditions [21–26]. Even though there are several synthetic species of zeolite, 

their production is limited by small volumes, the cost of final products, and the need to purify it from 

ingredients involved in the synthesis. An alternative to synthetic nanocrystals seems to be nanoparticles from 

natural zeolites, which are mined in an industrial manner [16, 27]. 

To reach enteric epithelium, orally administrated nanoparticles must overcome numerous hurdles. Among them, 

poor bioavailability and low solubility make penetration through the mucus barrier challenge. The nanoparticle 

surface can be modified to enhance mucoadhesion for targeting the mucus layers that protect the apical 

membrane of enterocytes. The coating of particles with shell allows the biocompatibility of water-insoluble 

inorganic [28-30] or solid [31, 32] materials. For this purpose, the surface of nanoparticles can be improved with 

phospholipids [33, 34]. Thereby, the composition of zeolite (platform) and phospholipid (shell) is considered as 

the promising complex for formulating the nanocapsules. 

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 [28]. In this work, a poly-L-lysine coating permits the transport of nanoparticles into HeLa cells to be 

more efficient. However, to the best of our knowledge, there are no reports of natural zeolite nanoparticles with 

phospholipids shell. Herein we aim: (i) to develop a low-cost scheme for the preparation of nanosized particles 

from natural clinoptilolite in task laboratory without the high energy input and mill units, (ii) to study the 

adsorption of phosphatidylcholine by the particles obtained. 

MATERIALS AND METHODS 

Pretreatment of clinoptilolite. Natural zeolite originated from the Kholinsky deposit, Russia was used in this 

study. Commercially available product Litovit M (Russia) was the source of powdered homogeneous 

clinoptilolite containing 100% for the activated component. To achieve the microsized particles, dry 

clinoptilolite powder was 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 pretreated with ultrasound for 40 

seconds. The suspension droplet of ~ 2 μl was placed on the surface of the sample holder for an electron 

microscope. After the water was air-dried at room temperature, specimens were platinum-coated using a sputter 

coater JFC-1600 (JEOL, Japan). 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 relief was studied in a scanning electron microscope JSM-6390A (JEOL, Japan) at an 

accelerating voltage of 25 kV in the secondary electron mode. 

Extraction of phosphatidylcholine. Phosphatidylcholine (lecithin) was extracted from the nutrition additive of 

E322 (Cargill Lecigran 1000P, Germany) consisting of the composition of polar phospholipids. Briefly, 600 mg 

of commercially available E322 was mixed with 6 ml of 100% Ethyl Alcohol (ETOH) until a homogeneous 

suspension. The mixture was then incubated for 24 hours at room temperature under gentle magnetic stirring. 

Then, the undissolved components were separated by centrifugation at 600g for 10 minutes. The obtained clear 

stock solution (2.4 wt%) was sealed in a glass vial and was stored at 4°C in the dark. For the working medium, 

the stock solution was diluted with ETOH in the ratio of 1:30 ([stock solution]: ETOH). 

Complex formation between clinoptilolite and lecinit. Clinoptilolite/lecinit complex was spontaneously 

formed upon incubation of nanoparticles (20 mg) in the working medium (4 ml) at room temperature for 

intervals (1/4, 1/2, 1, 1.5, 2, 3, 4 and 6 h) on a horizontal shaker. After the suspension was centrifuged at 600 g 

for 10 min, the supernatant (3 ml) was withdrawn and it was investigated by UV spectrometry. 

UV spectrometry at 235 nm. In vitro adsorption of lecithin with nanoparticles was inspected using the 

characteristic peak of 235 nm that has been attributed to carbonyl groups. The value of optical density (OD 235) 
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for the working medium was 0.76 which corresponds to optimal conditions for analytical investigations carrying 

out with a Specord M40 spectrophotometer (Carl Zeiss, Germany). 

RESULTS AND DISCUSSION 

Nanoscale particles of natural clinoptilolite. Clinoptilolite samples were visualized by scanning electron 

microscopy. Figure 1 shows the set of micrographs demonstrating the size and shape of clinoptilolite particles at 

different stages of the proposed procedure. 

 
Figure 1. Micrographs of clinoptilolite particles: (A) commercially available product “Litovit M”; (B) 

microsized particles after grinding “Litovit M” in a porcelain mortar at room temperature; (C) aggregations of 
nanosized particles originated after cold powder contacts immediately with the atmosphere humidity; (D) 

nanosized particles after the cold powder was previously warmed in a vacuum chamber. Images were obtained 

with scanning electron microscopy in the mode of secondary electrons. 

It is seen that the pretreatment of “Litovit M” (Fig. 1A) in a porcelain mortar permits microsized particles to be 

prepared (Fig. 1B). To reach nanoscale sizes, clinoptilolite powder was ground in a cryo box at -35°C using an 

agate mortar. Note that cold samples had to avoid contact with atmosphere humidity resulting in the 

condensation of water droplets followed by the aggregation of nanoparticles (Fig. 1C). Therefore, after 

cryogrinding, the cold sample of powdered clinoptilolite was transferred under the vapor of liquid nitrogen to a 

vacuum chamber, where it was warmed gradually to room temperature (Fig. 1D).  

Clinoptilolite/lecithin complex. Complex formation was recorded with UV spectrometry (Fig. 2), where 

changes in optical density imply the alteration of lecithin concentration in the ETOH solution. 
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Figure 2. Changes of optical density (OD 235) in lecithin solution depending on incubation intervals (hours) of 

clinoptilolite nanoparticles, where the initial value of 0.76 corresponds to the optical density of the working 

medium at 235 nm. Insertion (indicated by arrow): the size distribution of clinoptilolite/lecithin complexes 

formed after 1.5 hours of interaction between nanoparticles and lecithin. 

The kinetics of lecithin/clinoptilolite complex development was shown to exhibit intricate behavior (Fig. 2). 

During approximately two hours, the optical density of the lecithin solution reaches the minimum level of 0.4, 

meaning the maximal adsorption of lecithin on the surface of the nanoparticles. Consequently, the lecithin layer 

covers the nanosized clinoptilolite core, forming a nanoscale capsule. The insertion (Fig. 2) shows that the sizes 

of the clinoptilolite/lecithin complex vary from 140 nm to 260 nm with a maximum of 190 nm. However, the 

adsorption was a reversible process that was followed with the lecithin gradual release resulting in its increase in 

ETOH solution back toward the original level.  

Prerequisites for the successful diffusion of particles through the barrier layer of mucus are nanoscale sizes in 

the combination with mucoadhesion [35, 36]. Formulating the clinoptilolite-based nanocapsule with lecithin 

shell, we obey these criteria. Thus, like synthetic zeolite nanocrystals, natural clinoptilolite nanoparticles seem 

to be designed as carriers for the delivery of bioactive substances. However, they can be applied not only as 

transporters but for miscellaneous actions like the excellent detoxifying [20], radical scavenging [18], and anti-

inflammatory agents [19]. 

CONCLUSION 

This work describes the first example of the use of natural zeolite to create a nano-platform with phospholipids 

shell. Nanoscale particles were successfully formulated using ordinary laboratory types of equipment without 

the high energy input and mill units. The mode size of ~100 nm was achieved after powdering the commercially 

available product at a low temperature of -35ºC, which was followed with the warming of cold clinoptilolite 

powder in a vacuum chamber. Thus, cryo-approaches are very promising considering the low-cost scheme for 

the grinding of tailored nanoproducts. It was shown that the lecithin/clinoptilolite complex development had 

complicated kinetics. After 2 h of incubation, the initial adsorption of lecithin by clinoptilolite particles has been 

followed with its very slow release in the ETOH solution. In summary, here, we developed a novel hybrid 

nanocapsule consisting of the clinoptilolite core and lecithin shell. This result is, therefore, opening an 

interesting manner to deliver lecithin soluble and adhesive substances into mucus layers. 
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