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At present the progress in reconstructive plastic surgery for the different medicine areas, 

significantly depends on the implementation of the advanced nanobiomaterials as three-dimensional 

matrixes for cell and tissue cultures. So, one of the key problems for creation of bioartificial organs 

and tissues is the development of frame matrixes (carriers) for cells using nanoparticles of the dif-

ferent materials. In recent years, the attention of researchers was attracted by multipotent 

mesenchymal stromal cells (MMSC) due to their unique plasticity: in vitro, such cells could give 

start to osteo-, chondro-, adipo-, cardiomyocytes, and other cell lines. 

To develop the adequate hybrid structures, it is neccessary to make investigation in the field 

of modeling, synthesis and interaction of biological tissues and nanoparticles as the basis for com-

posite materials. 

The method to form nanostructures selected for technological development should provide 

the obtaining the new generation of biomaterials (taking into account the results of biological tissue 

properties modeling), that could displace structural and (if possible) functional defects arising dur-

ing surgical interventions and have high biological safety. 

Field of application for such materials is quite wide: vital organ implants; tissue 

transplantation; transdermal or implantable systems with controlled and manipulated output of 

biologically active substances; "shape memory" products for orthopedics and cardiovascular 

surgery; biosensors; different biotechnological methods for separation, purification and 

identification of biological structures at the molecular and cellular levels. 

There are the different physical and chemical methods for the formation of 

microheterogeneous mosaic structures using that researchers try to imitate the morphological and 

energetic properties of biological structure surface. So, it seems necessary to study the interaction of 

synthetic opal matrixes and natural analogues of similar materials, in particular, geyserite with 

cellular systems in order to create biocompatible materials for reconstructive plastic surgery.  

In presented report the possibility to obtain and apply biocompatible opal matrixes (natural 

and artificial) for the cultivation of cellular systems, including MMSC: namely, the features of the 

formation and composition for "opal matrix (geyserite) - cell culture" type structure are considered. 

The process to obtain the samples of opal matrixes (three-dimensional nanostructures based 

on the regular packs of SiO2  with spherical particles ~ 200–260 nm in size) using previously devel-

oped technological principles and special equipment is described in [1]. 

Made by authors the experiments on the creation of biomineral composites, as well as their 

study and testing in vitro and in vivo, have confirmed, that natural geyserites consisting of amor-

phous silica and characterized by disordered structure with a pore system of nano and micro sizes 

have a high biocompatibility and better ability to perform the functions of the carrier, matrix for 
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implantable cell cultures in comparison with artificial opal matrixes, three-dimensional nanostruc-

tures based on regular packaging of SiO2 spherical particles [2]. 

Investigation of biocompatibility for microparticles of opal matrixes in vivo was made for 

the following sample sample: fraction of opal matrix particles <40 µm, treatment temperature 790 ° 

C). It has demonstrated in experiments the best matrix properties. 

It was defined that at the early observation stages (one and two weeks after hypodermic im-

plantation of opal matrix particles into mice) there were developed the micro-evidences of the in-

flammatory reaction in the implant: massive leukocytic infiltration in almost all fields of view 

around opal matrix particles and the presence of single macrophages (Fig. 1 a). One month after the 

operation, around the implant we can see the formation of a multi-layer connective tissue capsule 

with a strongly marked neoangiogenesis pattern, wide capillary network over the surface, and the 

absence of inflammation cellular elements inside it. 

 

     
 

Fig. 1. Opal matrix particles under hypodermic implantation into mice (hematoxylin and eosin 

staining): а) 7
th

  day, to the right, enlarged marked region; b) connective-tissue capsule around opal 

matrix particles under mice skin (28
th

  day). Images made by optical microscope 

The biocompatibility of opal matrixes (synthetic and natural) in a shape-shifter for biologi-

cally inert materials suggests the application possibility of these materials in regenerative medicine. 

Research in this direction are actively carried out [3, 4]. 

Present work was executed under support by RFBR (№ 18-29-02076 мк). 
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