
 

 

ʌɸʂʊʆʈʓ, ɺʃʀʗʖʑʀɽ ʅɸ ʕʂʉʇʈɽʉʉʀʖ ɿɸʑʀʊʅʓʍ ɹɽʃʂʆɺ 

ʂʃɽʊʂʀ ʇʈʀ ɺʆɿʈɸʉʊʅʓʍ ɿɸɹʆʃɽɺɸʅʀʗʍ 
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ʐʀʃʆɺʉʂʀʁ ʠ ʜʨ. 
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3ʀʥʩʪʠʪʫʪ ʧʨʦʙʣʝʤ ʧʝʨʝʜʘʯʠ ʠʥʬʦʨʤʘʮʠʠ ʠʤ. ɸ.ɸ ʍʘʨʢʝʚʠʯʘ ʈɸʅ, 127051 ʄʦʩʢʚʘ, ʈʦʩʩʠʷ 

 

 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʦʨʛʘʥʠʟʤʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ. 

ʅʘʢʦʧʣʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʨʠʚʦʜʷʱʠʭ ʢ ʥʘʨʫʰʝʥʠʶ 

ʮʝʣʦʩʪʥʦʩʪʠ ʛʝʥʦʤʘ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʤʥʦʛʠʭ ʚʦʟʨʘʩʪʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ 

ʬʝʥʦʪʠʧʠʯʝʩʢʠʭ ʧʨʦʷʚʣʝʥʠʡ ʩʪʘʨʝʥʠʷ. ʇʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʥʠ ʦʜʠʥ ʙʝʣʦʢ ʚ 

ʦʪʜʝʣʴʥʦʩʪʠ ʥʝ ʤʦʞʝʪ ʦʧʨʝʜʝʣʷʪʴ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʠ ʩʢʦʨʦʩʪʴ ʩʪʘʨʝʥʠʷ. ɼʣʷ 

ʣʶʙʦʛʦ ʙʝʣʢʘ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ ʫʯʘʩʪʠʝ ʚ ʧʨʦʮʝʩʩʝ ʩʪʘʨʝʥʠʷ, ʝʩʣʠ ʫʨʦʚʝʥʴ ʝʛʦ 

ʧʨʦʜʫʢʮʠʠ ʠʟʤʝʥʷʝʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ, ʘ ʠʥʘʢʪʠʚʘʮʠʷ ʢʦʜʠʨʫʶʱʝʛʦ ʵʪʦʪ ʙʝʣʦʢ ʛʝʥʘ ʧʨʠʚʦʜʠʪ 

ʢ ʬʝʥʦʪʠʧʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʝʛʦ ʧʨʝʜʧʦʣʘʛʘʝʤʦʡ ʨʦʣʠ ʚ ʩʪʘʨʝʥʠʠ. 

ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʙʝʣʢʘʤ ʟʘʱʠʪʥʳʭ ʩʠʩʪʝʤ, ʪʘʢʠʤ ʢʘʢ ʬʘʢʪʦʨ ʪʨʘʥʩʢʨʠʧʮʠʠ 

Nrf2, ʨʝʛʫʣʠʨʫʶʱʠʡ ʵʢʩʧʨʝʩʩʠʶ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʬʝʨʤʝʥʪʦʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʠ 

ʜʝʪʦʢʩʠʢʘʮʠʠ. ʈʝʛʫʣʠʨʫʷ ʵʢʩʧʨʝʩʩʠʶ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ ʮʠʪʦʧʨʦʪʝʢʪʦʨʥʳʭ ʛʝʥʦʚ, 

ʵʚʦʣʶʮʠʦʥʥʦ ʢʦʥʩʝʨʚʘʪʠʚʥʳʡ ʧʫʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʦʪʚʝʪʘ, ʦʧʦʩʨʝʜʫʝʤʳʡ Nrf2, 

ʧʦʜʜʝʨʞʠʚʘʝʪ ʢʣʝʪʦʯʥʳʡ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʛʦʤʝʦʩʪʘʟ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʦʭʨʘʥʝʥʠʶ ʤʦʣʦʜʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʬʝʥʦʪʠʧʘ. ʅʘʨʫʰʝʥʠʝ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ Nrf2 ʚ 

ʩʪʘʨʝʶʱʠʭ ʢʣʝʪʢʘʭ ʜʝʣʘʝʪ ʠʭ ʫʷʟʚʠʤʳʤʠ ʢ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ, ʧʦʵʪʦʤʫ ʘʢʪʠʚʘʮʠʷ 

ʧʫʪʠ Nrf2 ̫ ʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʤʠʰʝʥʴʶ ʧʨʠ ʨʘʟʨʘʙʦʪʢʝ ʥʦʚʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʠʣʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ. ʆʜʥʘʢʦ ʚ ʨʝʘʢʮʠʷʭ ʢʣʝʪʢʠ ʥʘ ʘʢʪʠʚʥʳʝ 



ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ ʠ ʜʨʫʛʠʝ ʨʝʘʢʪʠʚʥʳʝ ʤʦʣʝʢʫʣʳ ʫʯʘʩʪʚʫʝʪ ʥʝ ʪʦʣʴʢʦ Nrf2, ʥʦ ʠ ʪʘʢʠʝ 

ʬʘʢʪʦʨʳ ʪʨʘʥʩʢʨʠʧʮʠʠ, ʢʘʢ HSF1 ʠ HIF1. ɺʤʝʩʪʝ ʦʥʠ ʩʦʟʜʘʶʪ ʤʥʦʛʦʫʨʦʚʥʝʚʫʶ 

ʢʣʝʪʦʯʥʫʶ ʟʘʱʠʪʫ, ʩʦʩʪʦʷʱʫʶ ʚ ʦʩʥʦʚʥʦʤ ʠʟ ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʨʦʛʨʘʤʤ. ʇʦʥʠʤʘʥʠʝ 

ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ ʢʘʩʢʘʜʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʧʨʦʛʨʘʤʤʳ 

ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʠ ʦʪʚʝʪʘ ʢʣʝʪʢʠ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʚʳʷʩʥʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʩʪʘʨʝʥʠʷ ʠ ʜʦʣʛʦʣʝʪʠʷ.  

 

ʂʃʖʏɽɺʓɽ ʉʃʆɺɸ: Nrf2, Keap1, ʩʪʘʨʝʥʠʝ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʩʪʨʝʩʩ, ʬʝʥʦʧʪʦʟ, ʚʦʟʨʘʩʪʥʳʝ ʥʘʨʫʰʝʥʠʷ, ʘʥʪʠʦʢʩʠʜʘʥʪʳ, ARE, CNC-bZIP; ʘʢʪʠʚʥʳʝ 

ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ. ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ, ʧʨʦʪʝʦʩʪʘʟ, ʧʨʦʪʝʘʩʦʤʥʘʷ ʨʝʛʫʣʷʮʠʷ 

 

DOI:  

 

* ɸʜʨʝʩʘʪ ʜʣʷ ʢʦʨʨʝʩʧʦʥʜʝʥʮʠʠ. 

 

ʀʩʧʦʣʴʟʫʝʤʳʝ ʩʦʢʨʘʱʝʥʠʷ: ɸʌʂ ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ; ʤʪɸʌʂ - 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ɸʌʂ; ʊʌ - ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ; ARE ï ʘʥʪʠʦʢʩʠʜʘʥʪ-

ʨʝʩʧʦʥʩ(ʠʚ)ʥʳʡ ʵʣʝʤʝʥʪ (antioxidant response element); Bach1 ï ʙʝʣʦʢ BTB domain and 

CNC homolog 1; bZip - ʜʦʤʝʥ basic region-leucine zipper; CNC ð Cap'n'Collar; Gcl ï 

ʛʣʫʪʘʤʘʪʮʠʩʪʝʠʥʣʠʛʘʟʘ; Gclc ï ʢʘʪʘʣʠʪʠʯʝʩʢʘʷ ʩʫʙʲʝʜʠʥʠʮʘ ʛʣʫʪʘʤʘʪʮʠʩʪʝʠʥʣʠʛʘʟʳ 

(glutamate-cysteine ligase catalytic); Gclm ï ʨʝʛʫʣʷʪʦʨʥʘʷ ʩʫʙʲʝʜʠʥʠʮʘ 

ʛʣʫʪʘʤʘʪʮʠʩʪʝʠʥʣʠʛʘʟʳ (glutamate-cysteine modifier); GSK3 ï ʢʠʥʘʟʘ ʛʣʠʢʦʛʝʥʩʠʥʪʘʟʳ 3; 

Hif1 (ʛʠʧʦʢʩʠʷ- ʠʥʜʫʮʠʙʝʣʴʥʳʡ ʬʘʢʪʦʨ-1, Hypoxia-inducible factor 1); Ho-1 ï 

ʛʝʤʦʢʩʠʛʝʥʘʟʘ 1; IəB - ʠʥʛʠʙʠʪʦʨ ʷʜʝʨʥʦʛʦ ʬʘʢʪʦʨʘ əB ʢʠʥʘʟʳ ʩʫʙʲʝʜʠʥʠʮʳ ɓ; Hsf1 - 

ʬʘʢʪʦʨ ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ 1 (heat shoʩk faʩtor 1); Keap1 ï Kelch-ʧʦʜʦʙʥʳʡ ECH-

ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʙʝʣʦʢ-1 (Kelch-like ECH-associated protein 1); Maf - ʙʝʣʢʠ 

musculoaponeurotic fibrosarcoma; NF-əB - nuclear factor ə-light-chain-enhancer of activated B 

cells, ʷʜʝʨʥʳʡ ʬʘʢʪʦʨ əB; Nrf2 ï ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 2 ʩʝʤʝʡʩʪʚʘ NFE (nuclear 

factor erythroid 2-related factor 2); mTOR ï ʤʠʰʝʥʴ ʨʘʧʘʤʠʮʠʥʘ ʤʣʝʢʦʧʠʪʘʶʱʠʭ;\ NF-əB ï 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ ʷʜʝʨʥʦʛʦ ʬʘʢʪʦʨʘ ʢʘʧʧʘ B; Nqo1 ï 

NAD(P)H:ʭʠʥʦʥʦʢʩʠʜʦʨʝʜʫʢʪʘʟʘ 1; NOX4 ï ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ 4; p62/SQSTM1 ï 

ʧʦʣʠʫʙʠʢʚʠʪʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ p62/ʩʝʢʚʝʩʪʦʩʦʤʘ 1; PI3K ï ʬʦʩʬʘʪʠʜʠʣʠʥʦʟʠʪʦʣ-3-

ʢʠʥʘʟʘ; sMAF; small musculoaponeurotic fibrosarcoma 

 



 

ʇʦʚʨʝʞʜʝʥʠʝ ʘʢʪʠʚʥʳʤʠ ʬʦʨʤʘʤʠ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʠ ʨʝʘʢʪʠʚʥʳʤʠ ʵʣʝʢʪʨʦʬʠʣʘʤʠ 

ʩʚʷʟʘʥʦ ʩ ʨʘʟʚʠʪʠʝʤ ʚʦʟʨʘʩʪʥʳʭ ʧʘʪʦʣʦʛʠʡ ʯʝʣʦʚʝʢʘ, ʪʘʢʠʭ ʢʘʢ ʥʝʡʨʦʜʝʛʝʥʝʨʘʮʠʷ, 

ʘʪʝʨʦʩʢʣʝʨʦʟ, ʜʠʘʙʝʪ ʠ ʨʘʢ [1-4]. ʇʦʥʠʤʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʢʘʩʢʘʜʦʚ, ʩʚʷʟʳʚʘʶʱʠʭ ʧʨʦʛʨʘʤʤʳ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʠ ʦʪʚʝʪʘ ʢʣʝʪʢʠ ʥʘ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʳʷʩʥʝʥʠʶ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ 

ʦʩʥʦʚʝ ʩʪʘʨʝʥʠʷ ʠ ʜʦʣʛʦʣʝʪʠʷ. ʆʜʥʘʢʦ ʩ ʵʚʦʣʶʮʠʦʥʥʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, ʧʝʨʚʦʦʯʝʨʝʜʥʦʡ 

çʟʘʜʘʯʝʡè ʜʣʷ ʞʠʚʳʭ ʦʨʛʘʥʠʟʤʦʚ ʷʚʣʷʝʪʩʷ ʥʝ ʜʦʣʛʦʣʝʪʠʝ, ʘ ʨʝʰʝʥʠʝ ʧʨʦʙʣʝʤ ʘʜʘʧʪʘʮʠʠ ʢ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʝ, ʥʝʦʙʭʦʜʠʤʦʝ ʜʣʷ ʚʳʞʠʚʘʥʠʷ, ʦʙʝʩʧʝʯʝʥʠʷ ʧʠʱʝʡ ʠ ʨʘʟʤʥʦʞʝʥʠʷ. ʊʝʤ 

ʥʝ ʤʝʥʝʝ, ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʷʚʣʷʝʪʩʷ ʩʪʦʣʴ ʞʝ ʫʩʪʦʡʯʠʚʦʡ ʚʠʜʦʚʦʡ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ, ʢʘʢ ʨʘʟʤʝʨʳ ʪʝʣʘ ʠʣʠ ʧʣʦʜʦʚʠʪʦʩʪʴ, ʠ ʤʝʭʘʥʠʟʤʳ, ʝʸ ʦʙʝʩʧʝʯʠʚʘʶʱʠʝ, 

ʜʦʣʞʥʳ ʙʳʪʴ ʭʦʪʷ ʙʳ ʯʘʩʪʠʯʥʦ ʟʘʧʨʦʛʨʘʤʤʠʨʦʚʘʥʳ ʚ ʛʝʥʦʤʝ [5-7]. ʂ ʚʥʫʪʨʝʥʥʠʤ 

ʬʘʢʪʦʨʘʤ, ʦʧʨʝʜʝʣʷʶʱʠʤ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʠ ʬʦʨʤʫ ʢʨʠʚʳʭ ʚʳʞʠʚʘʥʠʷ (pace 

and shape of aging), ʦʪʥʦʩʷʪʩʷ ʧʨʦʛʨʘʤʤʳ ʩʪʘʨʝʥʠʷ ʠ ʘʥʪʠʩʪʘʨʝʥʠʷ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ 

ʩʦʙʦʡ, ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʠʛʥʘʣʴʥʳʭ ʛʝʥʥʳʭ ʢʘʩʢʘʜʦʚ [8]. 

ʉʠʩʪʝʤʘ ʨʝʛʫʣʷʮʠʠ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʤʝʦʩʪʘʟʘ ʠ ʨʝʧʘʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ 

ʩʝʪʴ ʚʟʘʠʤʦʟʘʚʠʩʠʤʳʭ ʨʝʘʢʮʠʡ, ʠ ʝʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʫʭʫʜʰʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ [5-10]. 

ʉʪʘʨʝʥʠʝ ʩʚʷʟʘʥʦ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʌʂ ʠ ʧʦʚʳʰʝʥʥʳʤ ʦʢʠʩʣʠʪʝʣʴʥʳʤ 

ʩʪʨʝʩʩʦʤ ʩ ʦʜʥʦʚʨʝʤʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʦʩʥʦʚʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

(ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟ, ʢʘʪʘʣʘʟʳ, ʛʣʫʪʘʪʠʦʥʘ), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʰʠʨʦʢʦʛʦ ʩʧʝʢʪʨʘ 

ʟʘʙʦʣʝʚʘʥʠʡ [11].  

 

ɹʝʣʦʢ Nrf2 (ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʬʘʢʪʦʨ 2 ʩʝʤʝʡʩʪʚʘ NFE, nuclear factor erythroid 2-

related factor 2) ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʛʣʘʚʥʳʡ ʨʝʛʫʣʷʪʦʨ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ ʚ ʢʣʝʪʢʘʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʠ ʠʛʨʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ 

ʟʘʤʝʜʣʝʥʠʠ ʩʪʘʨʝʥʠʷ ʢʣʝʪʦʢ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʚʦʟʨʘʩʪʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ [8-10, 12, 13, 15]. 

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʩʨʘʚʥʠʪʝʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ Nrf2 ʠ ʜʨʫʛʠʭ 

ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʩʝʤʝʡʩʪʚʘ NFE, ʚʢʣʶʯʘʷ ʨʘʟʣʠʯʠʷ ʚ ʠʭ ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʷʭ. ʄʳ 

ʦʙʨʘʪʠʣʠ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ Nrf2 ʩ ʜʨʫʛʠʤʠ ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ, ʥʘ 

ʚʘʞʥʦʩʪʴ ʢʦʪʦʨʳʭ ʥʝʦʜʥʦʢʨʘʪʥʦ ʫʢʘʟʳʚʘʣ ɺ.ʇ. ʉʢʫʣʘʯʸʚ. ɺ ʦʩʦʙʝʥʥʦʩʪʠ ʵʪʦ ʦʪʥʦʩʠʪʩʷ ʢ 

ʚʦʟʤʦʞʥʦʤʫ ʧʝʨʝʩʝʯʝʥʠʶ ʩ ʘʢʪʠʚʥʦʩʪʴʶ ʧʫʪʝʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʬʘʢʪʦʨʘʤʠ ʪʨʘʥʩʢʨʠʧʮʠʠ 

HIF1 (ʠʥʜʫʮʠʨʫʝʤʳʡ ʛʠʧʦʢʩʠʝʡ ʬʘʢʪʦʨ-1, Hypoxia-inducible factor 1) ʠ HSF1 (ʬʘʢʪʦʨ 

ʪʝʧʣʦʚʦʛʦ ʰʦʢʘ 1, heat shoʩk faʩtor 1), ʘ ʪʘʢʞʝ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʩʧʝʢʪʨʝ ʤʠʰʝʥʝʡ ʤʝʞʜʫ Nrf2 

ʠ ʜʨʫʛʠʤʠ ʧʨʝʜʩʪʘʚʠʪʝʣʷʤʠ ʩʝʤʝʡʩʪʚʘ Nrf. 



ʅʠ ʦʜʠʥ ʛʝʥ (ʙʝʣʦʢ), ʧʦ ʩʦʚʨʝʤʝʥʥʳʤ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤ, ʥʝ ʦʪʚʝʪʩʪʚʝʥʝʥ ʟʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʠʣʠ ʟʘ ʩʪʘʨʝʥʠʝ ʚ ʦʜʠʥʦʯʢʫ [16]. ʉʦʛʣʘʩʥʦ ʨʷʜʫ ʨʘʥʝʝ 

ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʭ ʢʨʠʪʝʨʠʝʚ, Nrf2 ʦʪʥʦʩʠʪʩʷ ʢ ʯʠʩʣʫ ʚʘʞʥʳʭ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʛʨʘʤʤ 

ʩʪʘʨʝʥʠʷ ʠʣʠ ʘʥʪʠʩʪʘʨʝʥʠʷ [12, 16]. ɺʦ-ʧʝʨʚʳʭ, ʫʨʦʚʝʥʴ ʧʨʦʜʫʢʮʠʠ ʙʝʣʢʘ, ʫʯʘʩʪʚʫʶʱʝʛʦ ʚ 

ʧʨʦʛʨʘʤʤʝ ʘʥʪʠʩʪʘʨʝʥʠʷ, ʜʦʣʞʝʥ ʩʥʠʞʘʪʴʩʷ ʩ ʚʦʟʨʘʩʪʦʤ, ʘ ʙʝʣʢʘ ʧʨʦʛʨʘʤʤʳ ʩʪʘʨʝʥʠʷ ï 

ʥʘʦʙʦʨʦʪ, ʧʦʚʳʰʘʪʴʩʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩ ʚʦʟʨʘʩʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʤʈʅʂ ʠ ʙʝʣʢʘ Nrf2, ʫʤʝʥʴʰʝʥʠʝ ʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʚ ʷʜʨʝ, ʫʭʫʜʰʝʥʠʝ ʩʚʷʟʳʚʘʥʠʷ Nrf2 ʩ 

ʵʣʝʤʝʥʪʦʤ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʦʪʚʝʪʘ (ARE). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʫʨʦʚʥʷ 

ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ-ʤʠʰʝʥʝʡ Nrf2 (ʪʘʢʠʭ ʢʘʢ Nqo1, Ho-1, Gcl) ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʧʘʛʫʙʥʦʤʫ 

ʥʘʢʦʧʣʝʥʠʶ ɸʌʂ [17]. ʉ ʚʦʟʨʘʩʪʦʤ ʩʧʦʩʦʙʥʦʩʪʴ Nrf2 ʢ ʘʢʪʠʚʘʮʠʠ, ʟʘʧʫʩʢʘʝʤʘʷ 

ʧʦʚʳʰʝʥʥʳʤ ʫʨʦʚʥʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʥʝʫʢʣʦʥʥʦ ʫʤʝʥʴʰʘʝʪʩʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʜʠʥʘʤʠʢʘ ʘʢʪʠʚʥʦʩʪʠ Nrf2, ʠʟʤʝʨʷʝʤʘʷ ʚ ʙʝʩʩʪʨʝʩʩʦʚʳʭ ʫʩʣʦʚʠʷʭ, ʪʘʢʦʡ ʯʸʪʢʦʡ 

ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʥʝ ʠʤʝʝʪ [13]. ɺʦ-ʚʪʦʨʳʭ, ʠʥʘʢʪʠʚʘʮʠʷ (ʥʦʢʘʫʪ) ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʙʝʣʦʢ 

ʧʨʦʛʨʘʤʤʳ ʘʥʪʠʩʪʘʨʝʥʠʷ, ʜʦʣʞʥʘ ʧʨʠʚʦʜʠʪʴ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʨʘʟʚʠʪʠʶ ʚʦʟʨʘʩʪʥʳʭ 

ʧʘʪʦʣʦʛʠʡ.ɺ ʧʨʝʜʳʜʫʱʠʭ ʨʘʙʦʪʘʭ ʤʳ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʣʠ ʜʘʥʥʳʝ ʦ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʷʭ 

ʟʘʱʠʪʥʦʡ ʩʠʩʪʝʤʳ Nrf2 ʚ ʢʦʥʪʝʢʩʪʝ ʧʨʦʛʨʘʤʤ ʩʪʘʨʝʥʠʷ ʠ ʘʥʪʠʩʪʘʨʝʥʠʷ ʠ ʝʸ ʨʝʛʫʣʷʮʠʠ ʩʦ 

ʩʪʦʨʦʥʳ ʩʠʩʪʝʤʳ ʮʠʨʢʘʜʥʳʭ ʙʠʦʨʠʪʤʦʚ [12-14]. ʅʘʢʦʥʝʮ, ʵʪʦʪ ʙʝʣʦʢ ʜʦʣʞʝʥ ʙʳʪʴ ʚʘʞʥʳʤ 

çʠʥʪʝʛʨʘʣʴʥʳʤè ʨʝʛʫʣʷʪʦʨʦʤ, ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ, Nrf2 ʨʝʛʫʣʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʧʦʯʪʠ ʚʩʝʭ 

ʛʝʥʦʚ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ ʠ ʤʥʦʛʠʭ ʛʝʥʦʚ ʜʝʪʦʢʩʠʬʠʢʘʮʠʠ.  

ʀʥʛʠʙʠʪʦʨʳ Nrf2 ʠʣʠ ʘʢʪʠʚʘʪʦʨʳ ʧʨʦʮʝʩʩʦʚ ʝʛʦ ʜʝʛʨʘʜʘʮʠʠ ʤʦʛʫʪ ʧʨʝʪʝʥʜʦʚʘʪʴ ʥʘ 

ʨʦʣʴ ʫʯʘʩʪʥʠʢʦʚ ʧʨʦʛʨʘʤʤʳ ʩʪʘʨʝʥʠʷ. ʉʨʝʜʠ ʙʝʣʢʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʨʝʛʫʣʷʪʦʨʥʳʤ ʢʘʩʢʘʜʦʤ 

Nrf2, ʝʩʪʴ ʠ ʜʨʫʛʠʝ ʫʯʘʩʪʥʠʢʠ ʧʨʦʛʨʘʤʤ ʩʪʘʨʝʥʠʷ, ʪʘʢʠʝ ʢʘʢ ʙʝʣʢʠ ɓ-TrCP ʠ Gsk3ɓ. 

ʅʘʧʨʠʤʝʨ, ʢʠʥʘʟʘ 3 ʛʣʠʢʦʛʝʥʩʠʥʪʘʟʳ ɓ (Gsk3ɓ), ʢʦʪʦʨʘʷ ʩʚʷʟʘʥʘ ʩ ʧʦʜʘʚʣʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ 

Nrf2 (ʢʘʢ ʤʠʥʠʤʫʤ ʪʨʝʤʷ ʩʧʦʩʦʙʘʤʠ), ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʚʦʟʨʘʩʪʥʳʭ 

ʧʘʪʦʣʦʛʠʡ, ʚʢʣʶʯʘʷ ʠ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʝ, ʠ ʝʸ ʘʢʪʠʚʥʦʩʪʴ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ 

(ʦʙʟʦʨ [12]).  

 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʚ ʨʘʤʢʘʭ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʟʘʜʘʥʠʷ ʀʇʇʀ ʈɸʅ, ʫʪʚʝʨʞʜʝʥʥʦʛʦ 

ʄʠʥʦʙʨʥʘʫʢʠ ʈʦʩʩʠʠ. 

 

 

ʉʆɹʃʖɼɽʅʀɽ ʕʊʀʏɽʉʂʀʍ ʉʊɸʅɼɸʈʊʆɺ 

ʅʘʩʪʦʷʱʘʷ ʩʪʘʪʴʷ ʥʝ ʩʦʜʝʨʞʠʪ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʫʯʘʩʪʠʝʤ ʣʶʜʝʡ ʠ ʞʠʚʦʪʥʳʭ ʚ 

ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ. 



 

ʂʆʅʌʃʀʂʊ ʀʅʊɽʈɽʉʆɺ.  

ɸʚʪʦʨʳ ʟʘʷʚʣʷʶʪ ʦʙ ʦʪʩʫʪʩʪʚʠʠ ʢʦʥʬʣʠʢʪʘ ʠʥʪʝʨʝʩʦʚ. 
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