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ʫʣ. ɼʦʣʛʦʨʫʢʦʚʩʢʘʷ, ʜ.4, ʛ. ʄʦʩʢʚʘ, 127006, ʈʦʩʩʠʷ 

 

ɸʥʥʦʪʘʮʠʷ. ɺʚʝʜʝʥʠʝ. ɺ ʜʘʥʥʦʤ ʦʙʟʦʨʝ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʠ ʩʦʚʨʝʤʝʥʥʳʝ ʜʦʩʪʠʞʝʥʠʷ ʚ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʪʢʘʥʝʚʦʡ ʠʥʞʝʥʝʨʠʠ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ï ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠʩʪʦʯʥʠʢʠ ʠʥʬʦʨʤʘʮʠʠ ʠ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ 

ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʩʦʩʪʘʚʝ ʙʠʦʤʝʜʠʮʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʇʦʠʩʢ ʣʠʪʝʨʘʪʫʨʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʦʩʫʱʝʩʪʚʣʷʣʩʷ ʚ ʥʘʫʯʥʳʭ ʤʝʜʠ-

ʮʠʥʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʘʭ Elibrary, Cyberleninka ʠ PubMed ʟʘ ʧʝʨʠʦʜ 2007-2024 ʛ.ʛ. ɺ ʭʦʜʝ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷ ʧʨʠʤʝʥʷʣʠʩʴ ʨʝʣʝʚʘʥʪʥʳʝ ʧʦʠʩʢʦʚʳʝ ʟʘʧʨʦʩʳ: çʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʜʠʦʢʩʠʜ ʮʝʨʠʷè, çʩʚʦʡʩʪʚʘ 

ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷè, çʪʢʘʥʝʠʥʞʝʥʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʜʠʦʢʩʠʜʦʤ ʮʝʨʠʷè, 

çnanomaterials for bone tissue engineeringè ʠ çceria nanoparticlesè.  ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʇʦ 

ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʡ, ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʜʠʦʢʩʠʜ ʮʝʨʠʷ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʥʝʡʪʨʘʣʠ-

ʟʘʮʠʠ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʧʨʦʷʚʣʷʷ ʚʳʩʦʢʫʶ ʬʝʨʤʝʥʪʘʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʢʩʠʜʘʟʥʳʝ, 

ʧʝʨʦʢʩʠʜʘʟʥʳʝ ʠ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʥʳʝ ʩʚʦʡʩʪʚʘ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ ʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʩʪʠʤʫʣʠʨʦ-

ʚʘʪʴ ʧʨʦʮʝʩʩʳ ʦʩʪʝʦʛʝʥʝʟʘ. ɺ ʣʠʪʝʨʘʪʫʨʝ ʪʘʢʞʝ ʧʨʝʜʩʪʘʚʣʝʥ ʫʩʧʝʰʥʳʡ ʦʧʳʪ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʘʥʦʯʘʩʪʠʮ 

ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʪʢʘʥʝʠʥʞʝʥʝʨʥʳʭ ʢʦʥʩʪʨʫʢʮʠʷʭ in vivo. ɺʳʚʦʜʳ. ɺʥʝʜʨʝʥʠʝ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʚ 

ʙʠʦʠʥʞʝʥʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ, ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 

ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʥʘʧʨʘʚʣʝʥʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʙʠʦʤʘʪʝʨʠʘʣʦʚ. 

ʂʣʶʯʝʚʳʝ ʩʣʦʚʘ: ʥʘʥʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʘʥʪʠʦʢʩʠʜʘʥʪ, ʦʩʪʝʦʛʝʥʝʟ, ʪʢʘʥʝʠʥ-

ʞʝʥʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ, ʙʠʦʠʥʞʝʥʝʨʠʷ, ʪʢʘʥʝʚʘʷ ʠʥʞʝʥʝʨʠʷ. 
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Abstract. Introduction. This review examines the properties and recent advances in the application of 

nanodispersed cerium dioxide particles in tissue engineering. The aim of the study is to analyze available infor-

mation sources and assess the prospects for the use of nanodispersed cerium dioxide in biomedical constructs 

used in surgical dentistry. Materials and Methods. A literature search was conducted in the scientific medical 

information resources including eLibrary, CyberLeninka, and PubMed for the period 2007ï2024. The study used 

relevant search queries: ñnanodispersed cerium dioxide,ò ñproperties of nanocrystalline cerium dioxide,ò ñtissue-

engineered constructs with cerium dioxide,ò ñnanomaterials for bone tissue engineering,ò and ñceria nanoparti-

cles.ò Results and Discussion. According to research data, nanodispersed cerium dioxide demonstrates a pro-

nounced ability to neutralize free radicals, exhibiting high enzymatic activity, particularly oxidase, peroxidase, 

and superoxide dismutase properties. In addition, its ability to stimulate osteogenesis has been noted. The litera-

ture also presents successful experience in the use of cerium dioxide nanoparticles in tissue-engineered con-

structs in vivo. Conclusions. The incorporation of nanodispersed particles into bioengineered constructs, includ-

ing those used in surgical dentistry, represents a highly promising direction for the development of new bio-

materials. 

Keywords: nanodispersed cerium dioxide particles, antioxidant, osteogenesis, tissue-engineered con-

structs, bioengineering, tissue engineering. 

 

ɺʚʝʜʝʥʠʝ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʘʙʣʶʜʘʝʪʩʷ ʨʦʩʪ ʠʥʪʝʨʝʩʘ ʢ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʥʘʥʦʤʘʪʝʨʠʘʣʦʚ ʚ ʤʝ-

ʜʠʮʠʥʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʠʭ ʫʥʠʢʘʣʴʥʳʤʠ ʙʠʦʤʝʜʠʮʠʥʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʉʨʝʜʠ ʥʠʭ ʦʩʦʙʦʝ ʤʝʩʪʦ ʟʘʥʠ-

ʤʘʝʪ ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʜʠʦʢʩʠʜ ʮʝʨʠʷ, ʙʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ, ʘʥʪʠʤʠʢʨʦʙʥʳʤ ʠ ʬʝʨʤʝʥʪʦ-

ʧʦʜʦʙʥʳʤ ʧʨʦʷʚʣʝʥʠʷʤ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʧʦʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʩʦʚʨʝ-
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ʤʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʩʚʷʱʸʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʠ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʦʙʣʘʩʪʷʤ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ 

ʥʘʥʦʤʘʪʝʨʠʘʣʘ ʚ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʧʨʦʚʝʩʪʠ ʦʙʟʦʨ ʦʪʝʯʝʩʪʚʝʥʥʦʡ ʠ ʟʘʨʫʙʝʞʥʦʡ ʣʠʪʝʨʘʪʫʨʳ ʠʟ ʵʣʝʢʪʨʦʥʥʳʭ 

ʨʝʩʫʨʩʦʚ ʜʣʷ ʠʟʫʯʝʥʠʷ ʠ ʦʮʝʥʢʠ ʧʝʨʩʧʝʢʪʠʚ ʚʥʝʜʨʝʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʩʦʩʪʘʚ ʙʠʦʤʝ-

ʜʠʮʠʥʩʢʠʭ ʢʦʥʩʪʨʫʢʮʠʡ, ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʭʠʨʫʨʛʠʯʝʩʢʦʡ ʩʪʦʤʘʪʦʣʦʛʠʠ.  

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɼʣʷ ʦʙʟʦʨʘ ʙʳʣʦ ʦʪʦʙʨʘʥʦ 30 ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʟ ʥʘʫʯʥʳʭ ʤʝ-

ʜʠʮʠʥʩʢʠʭ ʠʥʬʦʨʤʘʮʠʦʥʥʳʭ ʨʝʩʫʨʩʦʚ: Elibrary, Cyberleninka ʠ PubMed, ʟʘ ʧʝʨʠʦʜ ʩ 2007 ʧʦ 2024 ʛʦʜʳ, ʩ 

ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʠʩʢʦʚʳʭ ʟʘʧʨʦʩʦʚ: çʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʜʠʦʢʩʠʜ ʮʝʨʠʷè, çʩʚʦʡʩʪʚʘ ʥʘʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ 

ʜʠʦʢʩʠʜʘ ʮʝʨʠʷè, çʪʢʘʥʝʠʥʞʝʥʝʨʥʳʝ ʢʦʥʩʪʨʫʢʮʠʠ ʩ ʜʠʦʢʩʠʜʦʤ ʮʝʨʠʷè, çnanomaterials for bone tissue 

engineeringè ʠ çceria nanoparticlesè. 

ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. ʅʘʥʦʜʠʩʧʝʨʩʥʳʡ ʜʠʦʢʩʠʜ ʮʝʨʠʷ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʦʡ ʘʥʪʠʦʢʩʠ-

ʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʬʝʨʤʝʥʪʦʧʦʜʦʙʥʳʤ ʜʝʡʩʪʚʠʝʤ, ʘ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʦʩʪʝʦʛʝʥʝʟ. ɺʩʝ ʵʪʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʙʫʩʣʦʚʣʝʥʳ ʨʷʜʦʤ ʫʥʠʢʘʣʴʥʳʭ ʩʚʦʡʩʪʚ:  

ʕʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ. ʈʝʜʢʦʟʝʤʝʣʴʥʳʝ ʵʣʝʤʝʥʪʳ ï ʛʨʫʧʧʘ ʚʝʱʝʩʪʚ, ʚʢʣʶʯʘʶʱʘʷ ʚ ʩʝʙʷ 

ʩʢʘʥʜʠʡ, ʠʪʪʨʠʡ ʠ ʣʘʥʪʘʥʦʠʜʳ. ʕʣʝʢʪʨʦʥʥʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ ï ʦʙʳʯʥʦ ʧʨʦʷʚ-

ʣʷʝʪʩʷ ʚ ʚʠʜʝ ʪʨʠʚʘʣʝʥʪʥʳʭ ʢʘʪʠʦʥʦʚ. ɺʥʝʰʥʠʝ ʵʣʝʢʪʨʦʥʳ 5s ʘʪʦʤʥʦʡ ʦʨʙʠʪʘʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʵʢʨʘʥʠʨʫ-

ʶʪ ʵʣʝʢʪʨʦʥʳ 4f ʠ 5p ʦʨʙʠʪʘʣʝʡ, ʧʦʵʪʦʤʫ ʧʝʨʝʭʦʜʳ ʵʣʝʢʪʨʦʥʦʚ ʩ 4f ʥʘ 4f ʠʣʠ ʩ 4f ʥʘ 5d ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ 

ʟʘʚʠʩʷʪ ʦʪ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ [25]. 

ʉʘʤʳʤ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʩʨʝʜʠ ʣʘʥʪʘʥʦʠʜʦʚ ʚ ʟʝʤʥʦʡ ʢʦʨʝ ʷʚʣʷʝʪʩʷ ʮʝʨʠʡ, ʠʤʝʶʱʠʡ ʵʣʝʢʪʨʦʥ-

ʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ, ʟʘʧʦʣʥʷʶʱʫʶ 4f-ʦʨʙʠʪʘʣʴ ʚ ʩʚʦʝʤ ʦʩʥʦʚʥʦʤ ʠ ʩʦʩʪʦʷʥʠʠ, ʠ ʩʪʘʥʜʘʨʪʥʳʤʠ ʩʪʝʧʝʥʷ-

ʤʠ ʦʢʠʩʣʝʥʠʷ +3 ʠ +4 [25]. ʉʦʝʜʠʥʝʥʠʷ ʮʝʨʠʷ ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʪʦʧʣʠʚʥʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʢʘʪʘʣʠʟʝ, 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʦʧʪʠʢʠ, ʘ ʪʘʢʞʝ ʚ ʤʝʜʠʮʠʥʝ. 

ɺ ʤʝʜʠʮʠʥʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠʟʚʝʩʪʥʦ ʦ ʧʨʠʤʝʥʝʥʠʠ ʩʦʣʝʡ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʮʝʨʠʷ, ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʪʠʚʦʨʚʦʪʥʳʭ, ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʠʭ, ʙʘʢʪʝʨʠʦʩʪʘʪʠʯʝʩʢʠʭ ʠ ʧʨʦʪʠʚʦʨʚʦʪʥʳʭ ʧʨʝʧʘʨʘʪʦʚ. ʅʘ 

ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʩʦʝʜʠʥʝʥʠʡ ʮʝʨʠʷ ʥʘ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʦʩʦʙʳʡ 

ʠʥʪʝʨʝʩ ʧʨʝʜʩʪʘʚʣʷʶʪ ʥʘʥʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ (CeO2). 

ʂʨʠʩʪʘʣʣʠʯʝʩʢʘʷ ʵʣʝʤʝʥʪʘʨʥʘʷ ʢʣʝʪʢʘ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʩʦʩʪʦʠʪ ʠʟ 76 ʘʪʦʤʦʚ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʩʪʨʫʢʪʫʨʫ, ʩʦʜʝʨʞʘʱʫʶ ʯʝʪʳʨʝ ʬʦʨʤʫʣʴʥʳʭ ʝʜʠʥʠʮʳ. ʀʦʥʳ ʪʘʢʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʦʢʨʫʞʝʥʳ ʚʦʩʝʤʴʶ ʘʪʦ-

ʤʘʤʠ ʢʠʩʣʦʨʦʜʘ ʠ ʟʘʥʠʤʘʶʪ ʵʢʚʠʚʘʣʝʥʪʥʳʝ ʧʦʟʠʮʠʠ ʚʥʫʪʨʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ [8]. ɺ ʦʪʣʠʯʠʠ ʦʪ 

ʙʦʣʴʰʠʥʩʪʚʘ ʜʨʫʛʠʭ ʚʝʱʝʩʪʚ, ʧʘʨʘʤʝʪʨʳ ʵʣʝʤʝʥʪʘʨʥʳʭ ʷʯʝʝʢ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʧʨʠ ʧʝʨʝʭʦʜʝ ʚ ʥʘʥʦʢʨʠ-

ʩʪʘʣʣʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ ʫʚʝʣʠʯʠʚʘʶʪʩʷ, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʜʘʥʥʳʡ ʵʬʬʝʢʪ ʦʙʫʩʣʦʚʣʝʥ ʯʘʩʪʠʯʥʳʤ ʫʜʘ-

ʣʝʥʠʝʤ ʘʪʦʤʦʚ ʢʠʩʣʦʨʦʜʘ ʠʟ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʣʦʝʚ ʯʘʩʪʠʮ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʨʠ ʩʦʢʨʘʱʝʥʠʠ ʨʘʟʤʝʨʘ ʯʘʩ-

ʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʜʦ ʥʘʥʦ ʫʨʦʚʥʷ, ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ ʘʢʮʝʧʪʦʨʘ ʜʣʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠ-

ʩʣʦʨʦʜʘ ʚʦʟʨʘʩʪʘʝʪ [4]. 

ʂʨʦʤʝ ʪʦʛʦ, ʦʜʥʦʡ ʠʟ ʢʣʶʯʝʚʳʭ ʵʣʝʢʪʨʦʭʠʤʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʜʠʦʢ-

ʩʠʜʘ ʮʝʨʠʷ ʷʚʣʷʝʪʩʷ ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʩʘʤʦʚʦʩʩʪʘʥʦʚʣʝʥʠʶ, ʠʣʠ ʘʚʪʦʨʝʛʝʥʝʨʘʮʠʠ, ʪʘʢʠʝ ʯʘʩʪʠʮʳ ʤʦʛʫʪ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʚʦʟʚʨʘʱʘʪʴʩʷ ʚ ʠʩʭʦʜʥʦʝ ʩʦʩʪʦʷʥʠʝ ʦʢʠʩʣʝʥʠʷ ʟʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʢʦʨʦʪʢʦʝ ʚʨʝʤʷ. ɺ ʨʝ-

ʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʩʚʦʡʩʪʚʘ, ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʜʠʦʢʩʠʜ ʮʝʨʠʷ ʩʧʦʩʦʙʝʥ ʤʥʦʛʦʢʨʘʪʥʦ ʫʯʘʩʪʚʦʚʘʪʴ ʚ ʨʝʜʦʢʩ-

ʮʠʢʣʘʭ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʚ ʨʦʣʠ ʧʦʚʪʦʨʥʦ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ, ʚ ʦʪʣʠʯʠʝ 

ʦʪ ʧʨʠʨʦʜʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʢʦʪʦʨʳʝ ʥʝ ʦʙʣʘʜʘʶʪ ʪʘʢʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ [12]. 

ʆʩʦʙʝʥʥʦʩʪʠ ʩʪʨʦʝʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʳʭ ʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ. ɼʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʥʘʥʦʯʘ-

ʩʪʠʮ ʚʥʫʪʨʴ ʢʣʝʪʢʠ ʠʤ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ, ʢʦʪʦʨʘʷ ʠʟʙʠʨʘʪʝʣʴʥʦ ʢʦʥʪʨʦʣʠʨʫ-

ʝʪ ʧʦʪʦʢ ʠʦʥʦʚ ʠ ʤʦʣʝʢʫʣ ʢʘʢ ʚʥʫʪʨʴ, ʪʘʢ ʠ ʥʘʨʫʞʫ ʢʣʝʪʢʠ. ʂʨʫʧʥʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʝ ʩʪʨʫʢʪʫʨʳ, 

ʪʘʢʠʝ ʢʘʢ ʙʝʣʢʦʚʳʝ ʢʦʤʧʣʝʢʩʳ, ʣʠʧʦʧʨʦʪʝʠʥʦʚʳʝ ʯʘʩʪʠʮʳ, ʘ ʪʘʢʞʝ ʥʘʥʦʯʘʩʪʠʮʳ ʦʙʳʯʥʦ ʟʘʢʣʶʯʘʶʪʩʷ ʚ 

ʚʝʟʠʢʫʣʳ ʠ ʪʨʘʥʩʧʦʨʪʠʨʫʶʪʩʷ ʩ ʧʦʤʦʱʴʶ ʧʨʦʮʝʩʩʦʚ ʵʥʜʦʮʠʪʦʟʘ ʠ ʵʢʟʦʮʠʪʦʟʘ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʈʘʟʤʝʨ ʠ 

ʬʦʨʤʘ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠ ʢʠʥʝʪʠʢʫ ʟʘʭʚʘʪʘ, ʤʝʭʘʥʠʟʤ ʚʥʫʪʨʝʥʥʝʡ ʪʨʘʥʩʧʦʨ-

ʪʠʨʦʚʢʠ, ʘ ʪʘʢʞʝ ʥʘ ʩʫʙʢʣʝʪʦʯʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʥʦʯʘʩʪʠʮʳ, ʠʤʝʶʱʠʝ ʧʨʦʜʦʣʛʦʚʘ-

ʪʫʶ ʩʪʝʨʞʥʝʚʠʜʥʫʶ ʬʦʨʤʫ, ʣʫʯʰʝ ʧʨʦʥʠʢʘʶʪ ʩʢʚʦʟʴ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ, ʯʝʤ ʯʘʩʪʠʮʳ ʩʬʝʨʠʯʝʩʢʦʡ, 

ʢʫʙʠʯʝʩʢʦʡ ʠ ʮʠʣʠʥʜʨʠʯʝʩʢʦʡ ʬʦʨʤʳ [18]. 

ʅʘʥʦʜʠʩʧʝʨʩʥʳʝ ʯʘʩʪʠʮʳ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ, ʦʙʣʘʜʘʶʪ ʚʳʩʦʢʠʤ ʧʦʛʣʦʱʝʥʠʝʤ ʢʣʝʪʢʘʤʠ ʚ ʢʣʝʪʦʯʥʦʡ 

ʣʠʥʠʠ ʯʝʣʦʚʝʯʝʩʢʠʭ ʤʦʥʦʮʠʪʦʚ (U937) [22]. ʅʝʤʘʣʦʚʘʞʥʦ, ʯʪʦ ʦʪ ʨʘʟʤʝʨʘ ʥʘʥʦʯʘʩʪʠʮ ʤʦʞʝʪ ʟʘʚʠʩʝʪʴ 

ʞʠʟʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢʣʝʪʦʢ, ʥʘʧʨʠʤʝʨ, ʢʣʝʪʦʢ HeLa ʠ HEK (ʢʣʝʪʦʯʥʘʷ ʣʠʥʠʷ, ʧʦʣʫʯʝʥʥʘʷ ʠʟ ʵʤʙʨʠʦʥʘʣʴ-

ʥʳʭ ʧʦʯʝʢ ʯʝʣʦʚʝʢʘ). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʥʘ ʢʨʳʩʘʭ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʢʦʨʨʝʣʷʮʠʷ 

ʙʠʦʨʘʩʧʨʝʜʝʣʝʥʠʷ ʮʝʨʠʷ ʩ ʨʘʟʤʝʨʦʤ ʯʘʩʪʠʮ [27]. 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʚ ʢʣʝʪʢʝ ʦʙʨʘʟʫʶʪʩʷ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ, ʛʣʘʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʦʪʦʨʳʭ ʷʚʣʷʝʪʩʷ ʮʝʧʴ 

ʪʢʘʥʝʚʦʛʦ ʜʳʭʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ, ʘ ʠʤʝʥʥʦ ʫʪʝʯʢʘ ʵʣʝʢʪʨʦʥʦʚ ʠʟ ʢʦʤʧʣʝʢʩʦʚ I ʠ II ʚ ʨʝʘʢʮʠʷʭ ʩ 

ʫʙʠʭʠʥʦʥʦʤ. ʏʨʝʟʤʝʨʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʚʝʜʝʪ ʢ ʥʘʨʫʰʝʥʠʶ ʨʝʜʦʢʩ-

ʩʪʘʪʫʩʘ ʢʣʝʪʢʠ ʠ ʝʝ ʧʦʚʨʝʞʜʝʥʠʶ ʚʩʣʝʜʩʪʚʠʝ ʨʘʟʚʠʪʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. 
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ʋʨʦʚʝʥʴ ɸʌʂ  ʨʝʛʫʣʠʨʫʝʪʩʷ ʦʨʛʘʥʠʟʤʦʤ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʨʠ ʧʦʤʦʱʠ ʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ, 

ʪʘʢʠʭ ʢʘʢ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ, ʢʘʪʘʣʘʟʘ ʠ ʧʝʨʦʢʩʠʨʝʜʦʢʩʠʥʳ, ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʷʭ  

ʉʘʤ ʦʨʛʘʥʠʟʤ ʦʙʣʘʜʘʝʪ ʤʝʭʘʥʠʟʤʘʤʠ ʟʘʱʠʪʳ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʪʘʢʠʭ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʡ, ʦʜʥʘʢʦ 

ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, ʥʘʧʨʠʤʝʨ, ʚ ʤʠʢʨʦʩʨʝʜʝ ʧʨʠ ʧʝʨʝʣʦʤʝ ʢʦʩʪʠ, ʫʨʦʚʥʠ ɸʌʂ 

ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʝʥʳ ʠ ʚʣʠʷʶʪ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʢʦʩʪʥʦʡ ʪʢʘʥʠ. ʀʟʙʳʪʦʯʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ɸʌʂ 

ʤʦʞʝʪ ʠʥʜʫʮʠʨʦʚʘʪʴ ʦʩʪʝʦʢʣʘʩʪʦʛʝʥʝʟ ʠ ʧʦʜʘʚʣʷʪʴ ʧʨʦʮʝʩʩ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʦʩʪʝʦʙʣʘʩʪʦʚ. ʇʦʵʪʦʤʫ 

ʚʘʞʥʦ ʧʦʜʜʝʨʞʠʚʘʪʴ ʙʘʣʘʥʩ ʩ ʧʦʤʦʱʴʶ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʜʣʷ ʨʝʛʫʣʠʨʦʚʢʠ ʨʝʜʦʢʩ-ʩʦʩʪʦʷʥʠʡ. 

ʇʝʨʦʢʩʠʜʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʆʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʷʚ-

ʣ̫ʝʪʩʷ ʧʝʨʦʢʩʠʜ, ʫʯʘʩʪʚʫʶʱʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʢʨʘʡʥʝ ʚʳʩʦʢʦʨʝʘʢʪʠʚʥʦʛʦ ʛʠʜʨʦʢʩʠʣʴʥʦʛʦ ʨʘʜʠʢʘʣʘ, ʚ 

ʥʝʡʪʨʘʣʠʟʘʮʠʠ ʢʦʪʦʨʦʛʦ ʧʨʠʥʠʤʘʝʪ ʫʯʘʩʪʠʝ ʬʝʨʤʝʥʪ ʢʘʪʘʣʘʟʘ.  ʅʘʥʦʯʘʩʪʠʮʳ CeO2 ʩʧʦʩʦʙʥʳ ʠʤʠʪʠʨʦ-

ʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʘʪʘʣʘʟʳ, ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʟʣʦʞʝʥʠʶ H2O2 ʥʘ ʙʝʟʦʧʘʩʥʳʝ ʧʨʦʜʫʢʪʳ ï ʚʦʜʫ (H2O) ʠ ʤʦʣʝ-

ʢʫʣʷʨʥʳʡ ʢʠʩʣʦʨʦʜ (O2) ï ʩʦʛʣʘʩʥʦ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ [6, 8, 12]. 

ɹʳʣʘ ʠʟʫʯʝʥʘ ʧʝʨʦʢʩʠʜʘʟʦʧʦʜʦʙʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʦʯʘʩʪʠʮ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʧʦʩʨʝʜʩʪʚʦʤ ʩʝʨʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʦʢʠʩʣʝʥʠʶ ʩʫʙʩʪʨʘʪʘ ʊʄɹ. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʷʚʣʷʣʦʩʴ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝ ʥʝʡʪʨʘʣʴʥʦʡ ʩʨʝʜʳ, ʚ ʯʘʩʪʥʦʩʪʠ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ ʚʦʜʳ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʠʩʢʣʶʯʠʪʴ ʚʦʟ-

ʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʦʢʩʠʜʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠ ʩʦʩʨʝʜʦʪʦʯʠʪʴʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʧʝʨʦʢʩʠʜʘʟ-

ʥʦʡ ʬʫʥʢʮʠʠ ʥʘʥʦʯʘʩʪʠʮ. ʅʘʥʦʯʘʩʪʠʮʳ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʚʳʩʪʫʧʘʣʠ ʚ ʨʦʣʠ 

ʧʝʨʦʢʩʠʜʘʟʳ, ʢʘʪʘʣʠʟʠʨʫʷ ʦʢʠʩʣʝʥʠʝ ʊʄɹ, ʧʨʠ ʵʪʦʤ ʜʣʷ ʥʠʭ ʙʳʣʘ ʨʘʩʩʯʠʪʘʥʘ ʢʦʥʩʪʘʥʪʘ ʄʠʭʘʵʣʠʩʘ [6, 

8]. 

ʆʢʩʠʜʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʅʘʥʦʜʠʩʧʝʨʩʥʳʡ ʜʠʦʢʩʠʜ ʮʝʨʠʷ, ʧʦʜʦʙʥʦ ʦʢʩʠʜʘʟʘʤ ʢʘʪʘʣʠʟʠʨʫʝʪ ʨʝʘʢ-

ʮʠʠ ʦʢʠʩʣʝʥʠʷ ʦʨʛʘʥʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʢʠʩʣʦʨʦʜʘ, ʠʤʠʪʠʨʫʷ ʦʢʩʠʜʘʟʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʢʦʪʦ-

ʨʘʷ ʪʘʢʞʝ ʦʮʝʥʠʚʘʣʘʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʦʢʠʩʣʝʥʠʝʤ ʩʫʙʩʪʨʘʪʘ ʊʄɹ, ʥʦ ʫʞʝ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ (ʘʮʝʪʘʪʥʳʡ 

ʙʫʬʝʨ), ʜʣʷ ʠʩʢʣʶʯʝʥʠʷ ʧʝʨʦʢʩʠʜʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʚ ʜʘʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʪʘʢʞʝ ʨʘʩʩʯʠʪʳʚʘʣʘʩʴ ʢʦʥ-

ʩʪʘʥʪʘ ʄʠʭʘʵʣʠʩʘ [6, 8]. 

ʉʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. ʉʫʧʝʨʦʢʩʠʜʥʳʡ ʨʘʜʠʢʘʣ ʪʘʢʞʝ ʦʢʘʟʳʚʘʝʪ ʧʦʚʨʝʞʜʘʶʱʝʝ 

ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʢʣʝʪʢʠ. ʆʥ ʠʤʝʝʪ ʦʜʠʥ ʥʝʩʧʘʨʝʥʥʳʡ ʵʣʝʢʪʨʦʥ, ʚʦʟʥʠʢʘʶʱʠʡ ʚ ʨʝʟʫʣʴʪʘʪʝ ʦʜʥʦʵʣʝʢʪʨʦʥ-

ʥʦʛʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʤʦʣʝʢʫʣʳ ʢʠʩʣʦʨʦʜʘ, ʝʛʦ ʢʦʣʠʯʝʩʪʚʦ ʚ ʦʨʛʘʥʠʟʤʝ ʨʝʛʫʣʠʨʫʝʪʩʷ ʵʥʟʠʤʦʤ ï ʩʫʧʝʨʦʢ-

ʩʠʜʜʠʩʤʫʪʘʟʦʡ. ʈʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʩʭʦʞʝʩʪʴ ʬʫʥʢʮʠʡ ʜʘʥʥʦʛʦ ʬʝʨʤʝʥʪʘ ʩ ʥʘʥʦʜʠʩʧʝʨʩ-

ʥʳʤ ʜʠʦʢʩʠʜʦʤ ʮʝʨʠʷ [11, 17, 21, 23]. ɼʦʧʦʣʥʠʪʝʣʴʥʦ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʥʦʜʠʩʧʝʨʩʥʳʡ ʜʠʦʢʩʠʜ 

ʮʝʨʠʷ ʦʙʣʘʜʘʝʪ ʩʚʦʡʩʪʚʘʤʠ, ʘʥʘʣʦʛʠʯʥʳʤʠ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʝ (ʉʆɼ), ʧʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙʝʥ ʥʝʡʪʨʘʣʠ-

ʟʦʚʘʪʴ ʧʝʨʦʢʩʠʜ-ʘʥʠʦʥ ʨʘʜʠʢʘʣ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʦʠʩʭʦʜʠʪ ʝʛʦ ʠʥʘʢʪʠʚʘʮʠʷ, ʯʪʦ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʫʯʘʩʪʠʶ ʨʘʜʠʢʘʣʘ ʚ ʨʝʘʢʮʠʠ ʩ ʦʢʩʠʜʦʤ ʘʟʦʪʘ ʠ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʦʙʨʘʟʦʚʘʥʠʝ ʢʨʘʡʥʝ ʪʦʢʩʠʯ-

ʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ï ʧʝʨʦʢʩʠʥʠʪʨʠʪʘ [11]. ʆʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʦʪ ʉʆɼ 

ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʛʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ [17, 20]. 

ʇʦʜʦʙʠʝ ʉʆɼ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʪʝʩʪʦʤ ʩ ʮʠʪʦʭʨʦʤʦʤ C: ʚ ʨʝʟʫʣʴʪʘʪʝ ʨʝʘʢʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʠʥʘʢʪʠ-

ʚʠʨʦʚʘʥʠʝ ʩʫʧʝʨʦʢʩʠʜʥʦʛʦ ʨʘʜʠʢʘʣʘ ʩ ʧʦʩʣʝʜʫʶʠɦʤ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚʦʜʦʨʦʜʘ ʠ ʢʠʩʣʦʨʦʜʘ [21]. 

ɺʣʠʷʥʠʝ ʥʘ ʦʩʪʝʦʛʝʥʝʟ. ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʧʨʦʜʦʣʞʘʝʪʩʷ ʠʟʫʯʝʥʠʝ ʩʧʝʢʪʨʘ ʚʦʟʤʦʞʥʦʩʪʝʡ 

ʧʨʠʤʝʥʝʥʠʷ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ ʚ ʢʣʠʥʠʯʝʩʢʦʡ ʧʨʘʢʪʠʢʝ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʜʠʮʠʥʝ, ʧʨʠ ʵʪʦʤ 

ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʥʘ ʧʨʦʮʝʩʩʳ, ʧʨʦʠʩʭʦʜʷʱʠʝ ʚ ʢʦʩʪʥʦʡ ʪʢʘʥʠ.  

ʀʩʩʣʝʜʦʚʘʥʠʷ in vitro ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʧʨʦʣʠʬʝʨʘʪʠʚʥʳʡ ʵʬʬʝʢʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʢʣʝʪʢʠ, ʚʢʣʶ-

ʯʘʷ ʦʩʪʝʦʙʣʘʩʪʳ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ ʠ ʧʨʦʪʠʚʦʚʠʨʫʩʥʦʝ ʜʝʡʩʪʚʠʝ, ʘ ʪʘʢʞʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʠ ʧʨʦʪʠʚʦ-

ʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘʥʦʜʠʩʧʝʨʩʥʦʛʦ ʜʠʦʢʩʠʜʘ ʮʝʨʠʷ [24, 29]. 

ʎʠʪʦʢʠʥʦʚʘʷ ʩʠʩʪʝʤʘ RANKL-RANK-OPG ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʮʝʩʩʦʚ ʬʦʨʤʠʨʦ-

ʚʘʥʠʷ, ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʩʪʝʦʢʣʘʩʪʦʚ [10]. RANKL ï ʵʪʦ ʛʣʠʢʦʧʨʦʪʝʠʥ, 

ʢʦʪʦʨʳʡ ʩʠʥʪʝʟʠʨʫʝʪʩʷ ʢʣʝʪʢʘʤʠ ʦʩʪʝʦʙʣʘʩʪʥʦʛʦ ʨʷʜʘ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʤʠ ʊ-ʣʠʤʬʦʮʠʪʘʤʠ, ʦʥ ʠʛʨʘʝʪ 

ʨʝʰʘʶʱʫʶ ʨʦʣʴ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʫʣʷʮʠʠ ʢʦʩʪʥʦʛʦ ʦʙʤʝʥʘ, ʚʳʩʪʫʧʘʷ ʚ ʢʘʯʝʩʪʚʝ ʛʣʘʚʥʦʛʦ ʬʘʢʪʦʨʘ, ʩʪʠʤʫ-

ʣʠʨʫʶʱʝʛʦ ʩʦʟʨʝʚʘʥʠʝ ʦʩʪʝʦʢʣʘʩʪʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, RANK ï ʵʪʦ ʨʝʮʝʧʪʦʨ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʡ ʥʘ ʧʣʘʟʤʦ-

ʣʝʤʤʘʭ ʢʣʝʪʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʦʩʪʝʦʢʣʘʩʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ RANKL, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠʭ ʜʠʬʬʝ-

ʨʝʥʮʠʨʦʚʢʝ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ. OPG ï ʦʩʪʝʦʧʨʦʪʝʛʝʨʠʥ, ʙʝʣʦʢ, ʫʛʥʝʪʘʶʱʠʡ ʬʦʨʤʠ-

ʨʦʚʘʥʠʝ ʦʩʪʝʦʢʣʘʩʪʦʚ, ʧʫʪʝʤ ʙʣʦʢʠʨʦʚʢʠ RANKL-RANK ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʠʦʢʩʠʜ ʮʝʨʠʷ ʩʪʠʤʫʣʠʨʫʝʪ 

RANKL-ʟʘʚʠʩʠʤʫʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʦʩʪʝʦʢʣʘʩʪʦʚ, ʧʦʚʳʰʘʷ ʠʭ ʢʦʩʪʥʫʶ ʨʝʟʦʨʙʪʠʚʥʫʶ ʘʢʪʠʚʥʦʩʪʴ [30]. 

ʆʜʥʘʢʦ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʚʠʩʠʤʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ ʮʝʨʠʷ: ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʢʦʥ-

ʮʝʥʪʨʘʮʠʷʭ (ʦʪ 4,0 ʜʦ 8,0 ʤʢʛ/ʤʣ) ʧʨʦʠʩʭʦʜʠʪ ʩʪʠʤʫʣʷʮʠʷ ʦʩʪʝʦʢʣʘʩʪʦʚ, ʪʦʛʜʘ ʢʘʢ ʧʨʠ ʚʳʩʦʢʠʭ ï ʥʘʦʙʦ-

ʨʦʪ, ʧʨʦʠʩʭʦʜʠʪ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʦʩʪʝʦʢʣʘʩʪʦʛʝʥʝʟʘ in vitro ʟʘ ʩʯʝʪ ʠʥʜʠʮʠʨʦʚʘʥʠʷ ʘʧʦʧʪʦʟʘ ʤʘʢʨʦʬʘʛʦʚ 

ʢʦʩʪʥʦʛʦ ʤʦʟʛʘ [28]. 

ɼʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʧʨʝʦʩʪʝʦʙʣʘʩʪʦʚ ʠʟ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ, ʠʭ ʚʳʞʠʚʘʥʠʝ ʠ ʧʦʩʣʝ-

ʜʫʶʱʝʝ ʧʨʝʚʨʘʱʝʥʠʝ ʚ ʦʩʪʝʦʮʠʪʳ ï ʚʩʝ ʵʪʠ ʵʪʘʧʳ ʦʩʪʝʦʙʣʘʩʪʦʛʝʥʝʟʘ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʘʢʪʠʚʘʮʠʝʡ WNT-

ʩʠʛʥʘʣʴʥʦʛʦ ʧʫʪʠ [9]. ɼʠʦʢʩʠʜ ʮʝʨʠʷ ʠʥʜʫʮʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʠ ʙʝʣʢʦʚ ʙʝʪʘ-ʢʘʪʝʥʠʥʘ, ʯʪʦ ʚ ʩʚʦʶ 




