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Abstract. The interaction of microparticles of opal matrix powders (regular packings of 

spherical nanoparticles of amorphous SiO2) and geyserite (natural analogue of opal matrixes) with 

cellular systems was investigated.  
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Introduction. Construction of bio-artificial organs and tissues in reconstructive plastic surgery 

depends in large extent on the development of frame carriers (scaffolds) for cells using micro- and 

nanoparticles of the different nature, since their size and structural features could be compatible with 

cultured cell structures. In present research, the physical and biochemical interaction of biological 

tissues and nanoparticles of inorganic substances have been investigated. To create scaffolds for cells, 

silica (amorphous SiO2) -based materials were used: synthetic opals (opal matrixes (OM)) and 

minerals (geyserite is a natural analogue of OM). The possibility of application OM and geyserite to 

cultivate the different types of cells on them, including stem cells, as well as supporting their 

differentiation in different directions in accordance with the peculiarities of the transplantation 

locations, was demonstrated by us earlier [1, 2]. Geyserites (siliceous tuffs) are classified mainly as 

biogenic deposits and represent silica layers formed from thermal waters of hot springs. An important 

feature of geyserites is the participation of microorganisms in their formation. Several “genetic” types 

of geyserites were selected, differing from each other in the size and distribution of silica particles, 

as well as by the presence of silicified debrises of microorganisms. Opal matrixes are represent a 

densest 3D packing of SiO2 spherical nanoparticles of the same diameter, filling 74% of the volume, 

and containing a system of interconnected structural inter-spherical nanocavities. Geyserites are 

characterized by both structural nanocavities and micropores with sizes of several microns. 
 

Experimental methods. In the experiments, massive samples of natural geyserites of subaqual 

type and OM synthesized using the previously developed method [3] with a diameter of SiO2 spher-

ical nanoparticles ~ 260 nm (Δd <4%) were used. Massive samples of OM and geyserite were 

crushed, and fractions of microparticles of a given size were isolated from the obtained powder. Bi-

omaterials for in vitro and in vivo experiments were developed according to the standard method [1, 

2]. Under investigation of the biocompatibility of OM powder microparticles during in vivo experi-

ments, a subdermic transplantation model was used. 
 

Results and discussion. Using X-ray diffractometry (ARL X'tra device, Thermo Fisher Sci-

entific) and Raman spectroscopy (LabRAM HR800, HORIBA Jobin-Yvon), it was demonstrated that 

used OM and geyserite powders consisted of amorphous and X-ray amorphous (crystallite size <1 

nm ) SiO2 phases. The geyserites contained Fe oxides and sulfides, the concentration of which did 

not exceed 1%. 

In vitro studies of the acute cytotoxicity and matrix (adhesive) properties of OM and geyserite, 

as well as in vivo, the biocompatibility of OM, were made. By scanning electron microscopy (Carl 
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Zeiss Supra 40-30-87), using the technique that reduces the introduced distortions in the investigated 

biocomposites [1], structural features of the compositions “OM (geyserite) - cell culture” are 

considered. The biocompatibility of OM (geyserite) and the dynamics of the cell growth on them 

were evaluated by the model of immortalized human fibroblasts (HF). It was demonstrated that cell 

cell expansion took place on the surface of microparticles of OM powder (geyserite) with a transverse 

size from units to tens of micrometers. Obtained results make it possible to consider the formation of 

the three-dimensional biocomposite powder by the studied cellular systems and microparticles as an 

element of self-organization. It was demonstrated that the stability of the 3D two-phase structure “OM 

(geyserite) - cell culture” is due to the fact that the solid phase (microparticles of OM powder or 

geyserite) reinforces the biological mass, creating the possibility of volumetric formation of the last 

one. 

Under the interaction of cells with microparticles of OM powder or geyserite, the appearance 

of distinctive filamentous processes was observed, as well as in some cases, the separation and “cap-

ture”, from the powder microparticles, of spherical SiO2 nanoparticles or geyserite nanoparticles used 

by the cell system to increase the volume of biological mass and subsequent formation of a frame 

structure. The 3D structure composition was observed during the analysis of the layers of successive 

sections with a thickness of ~ 14 μm. It was defined that the created biocomposite (the two-phase 

structure “OM (geyserite) - cell culture”) consisted of a biological mass reinforced with a framework 

(scaffold) with microparticles of OM (geyserite) powder and had a spherical shape. At the first stage, 

cell expansion took place on numerous microparticles of the powder up to a certain size (50–100 μm), 

after that the propagative cells continued to capture powder microparticles from the surrounding nu-

trient medium. Cells were attached to the microparticles of the powder, and a skaffold was formed 

by combining nanoparticles of not big size, and the growth of spherical biocomposites was prolon-

gated. It was defined that HF, as a rule, do not expand on the surface of microparticles of OM and 

geyserite powders, but create, starting from the 2nd day of the experiment, spherical-shaped structures 

of a concentric type around separate powder microparticles. 

With a deficiency of microparticles of OM or geyserite powder in the growth medium, a po-

rous structure was formed. The porosity (in the form of cavities and channels) of biocomposites con-

taining geyserite took place during the all time of interaction of powder microparticles with HF, that 

result in the formation of fractal type structures. When 3D structures of the two-phase system “OM-

cell mass” were not observed, by transmission electron microscopy (JEM 200C) the formation of a 

shell with thickness ~ 0.3 d around spherical SiO2 nanoparticles was detected. Out of contact with 

single spherical SiO2 nanoparticles or 3D microparticles of silica powder, the biological mass grew 

planarly and had a cellular structure. 

To study the effect of the powder microparticle size and their processing temperature on the 

formation of 3D biocomposites, 4 series of OM powders were used. Series 1 had a microparticle size 

of 0.2-0.3 mm, processed at a temperature of 390 K; series 2:  size of 0.3-0.5 mm (570 K); series 3: 

size of 0.52–1.0 mm (1060 K); series 4: size of 0.1–1.0 mm (1060 K). The dependences of the optical 

density of the formazan solution (D was measured with an MCC-340 spectrophotometer) and the 

dynamics of pool growth (Δ), during the cultivation of HF with polystyrene and microparticles of 

OM and geyserite powders, on the duration of cultivation are demonstrated in the Fig. It should be 

noted that the increase in D and Δ under using geyserites did not stop after 90 days of cultivation, 

while the total value of Δ increased by ten folds. Biocomposites increased in volume both due to the 

growth in the number of cells, and due to the involvement of new microparticles of OM powder 

(geyserite) and SiO2 spherical nanoparticles in such a structure. The demonstrated behavior of the 

studied system is important, since single cells differentiate poorly, and in some cases the differentia-

tion spectrum expands with an increase in the total volume of the cell system. It could be assumed 

that the observed porosity provided the possibility of a significant increase in cell mass. 

 
 

https://www.multitran.com/m.exe?s=cell+expansion&l1=1&l2=2
https://www.multitran.com/m.exe?s=cell+expansion&l1=1&l2=2


3 

 

а)   b)  
 

Fig.1. Dependences of optical density (D) of formazan solution and pool incrementation (Δ) under culturing 

HF with polystyrene (monitor – К) and powder micro-particles on culturing duration (Т) biocomposites, con-

taining: a) ОМ (powder series 1–4); b) geyserite 
 

Investigation of the biocompatibility of OM powder microparticles in in vivo experiments was 

carried out for samples of the 3rd and 4th series of powders. It was defined that in the early period of 

observation (1 and 2 weeks after subdermic implantation to mice of microparticles of OM powder of 

the 3rd series), micro signs of an inflammatory reaction in the implant were developed. In this case, 

massive leukocyte infiltration was observed in almost all fields of view around the microparticles of 

OM powder as well as the presence of single macrophages. A month after the operation, the formation 

of a multilayer connective-tissue capsule with apparent pattern of neoangiogenesis (massive capillary 

network over the surface) and the absence of cellular elements of inflammation inside it were ob-

served around the implant. Powder microparticles of the 4th series, under subdermal introduction, 

caused a primary aseptic inflammatory reaction as a foreign body with subsequent remission and 

subsidence of the inflammatory process. Specific bio-recognition was manifested both in the “design 

requirements” for the composition, size and density of powder microparticles used in the formation 

of these structures, and in features of the biological interaction of a living organism with an inorganic 

component. 

It should take into account that the processes of ordering and phase transformations taking 

place in biological systems differ significantly from the similar one for solid-state (non-living) struc-

tures by the absence of crystallization processes. From a formal, more precisely, symmetry point of 

view, biological structures are locally periodic and are described at the atomic (molecular) level, in 

many cases, as helicoidal systems characterized by non-integer axes (irrational rotation angles) of a 

certain type. Such structure does not allow the considered biocomposites to transform into crystalline 

type lattices, characterized by a small set of integer axes (symmetry elements). The mentioned above 

relates to structural features of the genome material carriers presented in cells. 

As regards the complex systems of nano- and micro-sizes, we can assume that such structures 

should be classified as a fractal, since self-organization processes, that are invariant with respect to 

the group of large-scale transformations, take place in these systems. It is significant that fractal sys-

tems are not only non-linear, but, in contrast to solid-state systems, are associated not so much with 

topological characteristics as with the metric or, more simply, with the method of system construct-

ing, so the fractal structure itself and its dimension are the main properties of such system. As a result, 

several effects are observed, from which the following will be most significant. Firstly, the determin-

ing role (in the behavior and properties of separate subsystems, for example, in the development of 

specialization) by the type of local ordering, and secondly, the recently discovered (previously known 
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for complex oscillating systems) property of complex stochastic systems with inhomogeneities (frac-

tality) of a certain type: resonant increase in sensitivity to subthreshold periodic impacts. 

The porosity of the studied cellular structures generated by the fractal development of the 

system provides the nutrient enrichment to all local areas of biomass. The last one, therefore, suggests 

that this type of growth is accompanied by the arising of opportunities for the polydifferentiation of 

the cellular system due to the presence of “divided regions”, that, apparently, is a necessary condition 

for the development of complex organs and organisms. The complex biomineral structure studied in 

this work exhibits some general regularities for various types of ordering of such systems, which may 

constitute the task of further research. The complex biomineral structure studied in present research 

demonstrates some general laws for the different types of ordering of such systems and could be the 

next goal of the further research. 
 

Conclusion. The method for the construction of biocomposites, in perspective, should provide 

the displacement of structural defects arising during surgical interventions. The volumetric structure 

of the two-phase system “OM (geyserite) - cell culture” is stable, since the solid phase (microparticles 

of the powder) reinforces the “soft” biological mass, creating the possibility of volumetric formation 

of the biocomposite. Present research supposes the prolongation in the field of practical medicine, as 

a number of points remain unresolved, for example, the role of structural nano- and microporosity of 

OM and geyserites in the process of formation and survivability of biocomposites. It was earlier 

defined that, without taking into account the biospecific recognition that is typical for stem cells, it is 

impossible to create biomaterials - matrixes for artificial bioorgans. For this reason, the peculiarity of 

obtaining biomaterials with the required functional characteristics, that could be unique, is in 

modeling of the properties determined the compatibility of mineral and cellular materials.  
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Биосовместимые наноматериалы на основе диоксида кремния 

Белянин А.Ф., Багдасарян А.С., Сергеева Н.С., Багдасарян С.А., Павлюкова Е.Р. 

Аннотация. Исследовано взаимодействие микрочастиц порошков опаловых матриц 

(правильных упаковок шаровых наночастиц аморфного SiO2) и гейзерита (природного аналога 

опаловых матриц) с клеточными системами.  
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