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3.2.1 ʀʥʙʨʝʜʥʳʝ ʤʳʰʠ BALB/c ʠ ʉ57Bl/6éééééé.ééééé.ééé.é153 

3.2.2 ʍʦʤʷʯʦʢ ʂʵʤʧʙʝʣʣʘ (Phodopus campbelli) ʠ ʦʙʳʢʥʦʚʝʥʥʘʷ  

ʩʣʝʧʫʰʦʥʢʘ (Ellobius talpinus)ééééééééééééééééééééé164 

3.3 ʇʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʡ ʘʥʘʣʠʟ ʧʦʛʠʙʰʠʭ ʞʠʚʦʪʥʳʭ,  

ʧʦʣʫʯʘʚʰʠʭ SkQ1 per os ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠééééééé..éééé168 

3.3.1 ʀʥʙʨʝʜʥʳʝ ʤʳʰʠ BALB/céééééééééééééééééééé.168 

3.3.1.1 ʆʧʫʭʦʣʠééééééééééééééééééééééééééé168 

3.3.1.2 ʀʥʬʝʢʮʠʦʥʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷéééééééééééé168 

3.3.1.3 ʅʝʠʥʬʝʢʮʠʦʥʥʘʷ ʧʘʪʦʣʦʛʠʷééééééééééé.ééé..ééé.é169 

3.3.2 ʀʥʙʨʝʜʥʳʝ ʤʳʰʠ ʉ57Bl/6ééééééé.ééééééééééééé176 

3.3.3 ʍʦʤʷʯʦʢ ʂʵʤʧʙʝʣʣʘ (Phodopus campbelli)éééééé.é.éééééé.178 

3.3.4 ʆʙʳʢʥʦʚʝʥʥʘʷ ʩʣʝʧʫʰʦʥʢʘ (Ellobius talpinus)éééééééééééé180 

3.4 ɺʣʠʷʥʠʝ SkQ1 ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʘʣʴʪʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳé.éééé188 

3.4.1 ʎʠʪʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʨʘʞʝʥʠʝ ʩʝʤʝʥʥʠʢʦʚéééééééééééééé188 

3.4.2 ʊʦʢʩʠʯʝʩʢʘʷ ʜʠʩʪʨʦʬʠʷ ʧʝʯʝʥʠééééééééééééééééé.é191 
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3.5 ɺʣʠʷʥʠʝ SkQ1 ʠ SkQR1 ʥʘ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠéééééééééé194 

3.5.1 ɸʩʝʧʪʠʯʝʩʢʦʝ ʵʢʩʩʫʜʘʪʠʚʥʦʝ ʚʦʩʧʘʣʝʥʠʝ  
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3.5.2 ɹʘʢʪʝʨʠʘʣʴʥʦʝ ʵʢʩʩʫʜʘʪʠʚʥʦʝ (ʛʥʦʡʥʦʝ) ʚʦʩʧʘʣʝʥʠʝ ʧʦʯʝʢ 

 (ʛʥʦʡʥʳʡ ʧʠʝʣʦʥʝʬʨʠʪ)éééééééééééééééééééééé.é195 

3.5.3ʇʨʦʜʫʢʪʠʚʥʦʝ ʘʫʪʦʠʤʤʫʥʥʦʝ ʚʦʩʧʘʣʝʥʠʝ  

ʩʫʩʪʘʚʦʚ ʩʪʦʧʳ (ʘʫʪʦʠʤʤʫʥʥʳʡ ʨʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ)éééééééé.éé199 

3.6 ɺʣʠʷʥʠʝ SkQ1 ʥʘ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳééééé203 

3.6.1 ʈʝʧʘʨʘʪʠʚʥʘʷ ʨʝʛʝʥʝʨʘʮʠʷ ʢʦʞʠ ʧʦʩʣʝ ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʨʘʚʤʳéééé..é203 

3.6.2 ɺʦʟʨʘʩʪʥʘʷ ʛʠʧʝʨʪʨʦʬʠʷ ʠ ʬʠʙʨʦʟ ʤʠʦʢʘʨʜʘéééééééééé..éé204 

3.6.3 ɺʣʠʷʥʠʝ SkQ1 ʥʘ ʨʘʟʚʠʪʠʝ ʜʠʩʧʣʘʩʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʧʣʘʩʪʠʯʝʩʢʠʭ 

ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʣʝʟʥʦʡ ʞʝʣʝʟʝ ʢʨʳʩ ɺʠʩʪʘʨééééééééééé207 

3.7 ɺʣʠʷʥʠʝ SkQ1 ʥʘ ʧʨʦʮʝʩʩʳ ʘʪʨʦʬʠʠ ʥʘ ʤʦʜʝʣʠ ʩʧʦʥʪʘʥʥʦʡ  
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3.8 ɺʣʠʷʥʠʝ SkQ1 ʥʘ ʦʧʫʭʦʣʝʚʳʡ ʨʦʩʪéééééééééééé.ééééé212 
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(Phodopus campbelli)ééééééééééééééééééééééééé218 
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ʉʇʀʉʆʂ ʉʆʂʈɸʑɽʅʀʁ 

ɸʌʂ ï ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ 

ɺʃʄ ï ʚʦʜʥʳʡ ʣʘʙʠʨʠʥʪ ʄʦʨʨʠʩʘ  

ʂʆɽ-ʌ ï ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʘʷ ʝʜʠʥʠʮʘ ʬʠʙʨʦʙʣʘʩʪʦʚ 

ʃɼ ï ʣʝʪʘʣʴʥʘʷ ʜʦʟʘ 

ʇʆʃ ï ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ 

ʋʩʣʦʚ. ʝʜ. ï ʫʩʣʦʚʥʳʝ ʝʜʠʥʠʮʳ 

ʉ12TPP ï ʚʝʱʝʩʪʚʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ SkQ1 ʙʝʟ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʯʘʩʪʠ 

(ʧʣʘʩʪʦʭʠʥʦʥʘ) 

CD ï ʧʦʚʝʨʭʥʦʩʪʥʳʡ ʤʘʨʢʝʨ ʢʣʝʪʦʯʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 

CoQ ï ʢʦʵʥʟʠʤ Q 

ʉʊɸɺ - ʛʝʢʩʘʜʝʮʠʣʪʨʠʤʝʪʠʣʘʤʤʦʥʠʷ ʙʨʦʤʠʜ 

HIF-1 ï ʠʥʜʫʮʠʨʫʝʤʳʡ ʛʠʧʦʢʩʠʝʡ ʬʘʢʪʦʨ-1 

GO ï ʛʝʥʥʘʷ ʦʥʪʦʣʦʛʠʷ (Gene Ontology) 

ICAM-1 ï ʤʦʣʝʢʫʣʘ ʤʝʞʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ-1 

KEGG ï ʂʠʦʪʩʢʘʷ ʵʥʮʠʢʣʦʧʝʜʠʷ ʛʝʥʦʚ ʠ ʛʝʥʦʤʦʚ (Kyoto Encyclopedia of Genes 

and Genomes)  

MitoQ ï ʩʦʝʜʠʥʝʥʠʝ ʧʨʦʥʠʢʘʶʱʝʛʦ ʢʘʪʠʦʥʘ ʪʨʠʬʝʥʠʥʣʬʦʩʬʦʥʠʷ ʠ ʫʙʠʭʠʥʦʥʘ. 

MMP9 ï ʤʘʪʨʠʢʩʥʘʷ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʘ 9 

MnSOD - ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʘ ʤʠʪʦʭʦʥʜʨʠʡ  

NAC ï N-ʘʮʝʪʠʣ-L-ʮʠʩʪʝʠʥ 

NF-əB ï ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʡ ʷʜʝʨʥʳʡ ʬʘʢʪʦʨ ʢʘʧʧʘ-ʙʠ 

PEDF ï ʬʘʢʪʦʨ, ʧʨʦʜʫʮʠʨʫʝʤʳʡ ʧʠʛʤʝʥʪʥʳʤ ʵʧʠʪʝʣʠʝʤ ʩʝʪʯʘʪʢʠ  

SkQ1 ï 10-(6'-ʧʣʘʩʪʦʭʠʥʦʥʠʣʜʝʮʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʷ ʙʨʦʤʠʜ 

SkQR1 ï ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʦʛ SkQ1, ʩʦʜʝʨʞʘʱʠʡ ʨʦʜʘʤʠʥ ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʥʠʢʘʶʱʝʛʦ ʢʘʪʠʦʥʘ (ʢʦʥʴʶʛʘʪ ʧʣʘʩʪʦʭʠʥʦʥʘ ʩ ʜʝʮʠʣʨʦʜʘʤʠʥʦʤ 19) 

SPF ï ʩʪʘʪʫʩ, ʦʙʦʟʥʘʯʘʶʱʠʡ ʩʚʦʙʦʜʫ ʦʪ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʘʪʦʛʝʥʦʚ (specific 

pathogen free) 

TGFɓ1 ï ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʨʦʩʪʘ-ʙʝʪʘ-1 

TNFŬ ï ʬʘʢʪʦʨ ʥʝʢʨʦʟʘ ʦʧʫʭʦʣʝʡ-ʘʣʴʬʘ 

TUNEL ï ʤʝʪʦʜ ʜʝʪʝʢʮʠʠ ʜʚʫʥʠʪʠʝʚʳʭ ʨʘʟʨʳʚʦʚ ʧʨʠ ʘʧʦʧʪʦʟʝ (terminal 

deoxynucleotidyl transferase dUTP nick end labeling) 

VCAM ï ʚʘʩʢʫʣʷʨʥʘʷ ʤʦʣʝʢʫʣʘ ʤʝʞʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ  

VEGF ï ʬʘʢʪʦʨ ʨʦʩʪʘ ʩʦʩʫʜʠʩʪʦʛʦ ʵʥʜʦʪʝʣʠʷ 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ. ʇʦʠʩʢ ʥʦʚʳʭ ʤʠʰʝʥʝʡ ʜʣʷ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʡ 

ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʠ ʧʨʠʢʣʘʜʥʦʡ ʤʝʜʠʮʠʥʳ. ʆʯʝʥʴ ʚʘʞʥʦ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢʠʭ 

ʤʠʰʝʥʝʡ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʥʝ ʪʦʣʴʢʦ ʛʝʥʳ ʠ ʠʭ ʧʨʦʜʫʢʪʳ (ʨʝʮʝʧʪʦʨʳ, ʩʠʛʥʘʣʴʥʳʝ 

ʤʦʣʝʢʫʣʳ ʠ ʪ.ʜ.), ʥʦ ʠ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʠʛʨʘʶʱʠʝ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ 

ʧʘʪʦʛʝʥʝʟʝ ʪʝʭ ʠʣʠ ʠʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʦʯʝʚʠʜʥʦ, ʯʪʦ, ʯʝʤ 

ʫʥʠʚʝʨʩʘʣʴʥʝʡ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʘʷ ʨʦʣʴ ʜʘʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʪʝʤ ʙʦʣʝʝ ʰʠʨʦʢʠʡ 

ʩʧʝʢʪʨ ʥʦʟʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ ʤʦʞʝʪ ʙʳʪʴ  ʧʦʢʘʟʘʥʠʝʤ ʜʣʷ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʪʝʤ ʙʦʣʴʰʠʝ ʧʝʨʩʧʝʢʪʠʚʳ ʦʪʢʨʳʚʘʶʪʩʷ ʧʨʠ 

ʪʘʨʛʝʪʥʦʤ ʚʦʟʜʝʡʩʪʚʠʠ ʥʘ ʤʠʰʝʥʴ. ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʫʥʠʚʝʨʩʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʢʦʪʦʨʳʡ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 

ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ ʠ ʠʛʨʘʝʪ ʦʩʦʙʝʥʥʦ ʚʘʞʥʫʶ 

ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʘʣʴʪʝʨʘʪʠʚʥʳʭ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʦʨʘʞʝʥʠʡ, ʘ ʪʘʢʞʝ ʚ 

ʢʘʥʮʝʨʦʛʝʥʝʟʝ, ʩʪʘʨʝʥʠʠ ʠ ʨʘʟʚʠʪʠʠ ʨʷʜʘ ʚʦʟʨʘʩʪ-ʟʘʚʠʩʠʤʳʭ ʧʘʪʦʣʦʛʠʡ [Halliwell, 

Gutteridge, 1984; Katz, 1986; Halliwell, 1987; Flaherty, Weisfeldt, 1988; Halliwell, 

1989; Halliwell, Gutteridge, 1990; Aruoma et al., 1991; Harman, 1992; Guyton, 

Kensler, 1993; Martínez-Cayuela, 1995; ɿʝʥʢʦʚ ʠ ʩʦʘʚʪ., 2001; ʄʝʥʴʰʠʢʦʚʘ ʠ ʩʦʘʚʪ., 

2006; ɸʥʠʩʠʤʦʚ, 2008; Khansari et al., 2009; Skulachev et al., 2011; Dai et al., 2014; 

Gupta et al., 2014]. ʊʘʢʘʷ ʩʠʪʫʘʮʠʷ ʧʨʠʚʝʣʘ ʢ ʣʦʛʠʯʥʦʡ ʠʜʝʝ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʘʥʪʠʦʢʩʠʜʘʥʪʳ (ʚʝʱʝʩʪʚʘ ʨʘʟʣʠʯʥʦʡ ʭʠʤʠʯʝʩʢʦʡ ʧʨʠʨʦʜʳ, ʥʝʡʪʨʘʣʠʟʫʶʱʠʝ 

ʦʙʨʘʟʦʚʘʥʠʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ) ʚ ʢʘʯʝʩʪʚʝ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʪʝʨʘʧʠʠ 

ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʩʨʝʜʩʪʚ, ʟʘʤʝʜʣʷʶʱʠʭ ʨʘʟʚʠʪʠʝ ʧʨʠʟʥʘʢʦʚ ʩʪʘʨʝʥʠʷ ʠ 

ʫʚʝʣʠʯʠʚʘʶʱʠʭ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ (ʛʝʨʦʧʨʦʪʝʢʪʦʨʦʚ) [ʄʝʥʴʰʠʢʦʚʘ ʠ 

ʩʦʘʚʪ., 2006; ɿʝʥʢʦʚ ʠ ʩʦʘʚʪ., 2001; ɸʥʠʩʠʤʦʚ, 2008; Skulachev et al., 2011; 2014; 

Gupta et al., 2014]. ʆʜʥʘʢʦ, ʚʩʝ ʦʙʳʯʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ 

(ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, Ŭ-ʪʦʢʦʬʝʨʦʣ, N-ʘʮʝʪʠʣʮʠʩʪʝʠʥ ʠ ʜʨ.) ʦʙʣʘʜʘʣʠ ʜʚʫʤʷ 

ʩʫʱʝʩʪʚʝʥʥʳʤʠ ʥʝʜʦʩʪʘʪʢʘʤʠ: ʦʥʠ ʥʝ ʠʤʝʣʠ ʠʟʙʠʨʘʪʝʣʴʥʦʩʪʠ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ 

ʢʣʝʪʦʯʥʳʤ ʢʦʤʧʘʨʪʤʝʥʪʘʤ, ʠʛʨʘʶʱʠʤ ʚʝʜʫʱʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 
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ʩʪʨʝʩʩʘ ʠ ʤʦʛʣʠ ʦʢʘʟʳʚʘʪʴ ʪʦʣʴʢʦ çʦʜʥʦʨʘʟʦʚʦʝè ʘʥʪʠʦʢʠʩʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ, 

ʫʪʨʘʯʠʚʘʷ ʩʚʦʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʧʦʩʣʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʩʦ ʩʚʦʙʦʜʥʳʤʠ 

ʨʘʜʠʢʘʣʘʤʠ [Armstrong, 2008; Antonenko et al., 2008; Skulachev et al., 2009]. ʕʪʠʤ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʦ ʤʥʦʛʦʤ ʦʙʲʷʩʥʷʝʪʩʷ ʚʝʩʴʤʘ ʩʢʨʦʤʥʦʝ (ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʞʠʜʘʥʠʷʤʠ) ʤʝʩʪʦ, ʢʦʪʦʨʦʝ ʟʘʥʠʤʘʶʪ ʥʝʠʟʙʠʨʘʪʝʣʴʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʚ 

ʩʦʚʨʝʤʝʥʥʦʡ ʢʦʤʧʣʝʢʩʥʦʡ ʪʝʨʘʧʠʠ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʚʷʟʘʥʥʳʭ ʩʦ 

ʩʪʘʨʝʥʠʝʤ [Villalba et al., 2010; Skulachev V.P. et al., 2011; Giordano et al., 2013]. 

ʄʝʞʜʫ ʪʝʤ, ʩʫʱʝʩʪʚʫʶʪ ʦʧʨʝʜʝʣʝʥʥʳʝ ʜʘʥʥʳʝ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ ʦʜʥʠʤ ʠʟ 

ʚʘʞʥʳʭ ʤʝʩʪ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ï ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ 

(ɸʌʂ) ï ʷʚʣʷʶʪʩʷ ʤʠʪʦʭʦʥʜʨʠʠ, ʠ ʠʤʝʥʥʦ ʵʪʠ ʦʨʛʘʥʝʣʣʳ ʩʧʦʩʦʙʥʳ ʧʨʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʧʦʚʨʝʞʜʝʥʠʠ ʠʥʠʮʠʠʨʦʚʘʪʴ ʘʢʪʠʚʘʮʠʶ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, 

ʚʝʜʫʱʠʭ ʢ ʛʠʙʝʣʠ ʢʣʝʪʦʢ, ʘ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ ï ʢ ʧʦʚʨʝʞʜʝʥʠʶ ʪʢʘʥʝʡ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ [Murphy, 2009; Skulachev et al., 

2009]. ʆʪʩʶʜʘ ʚʦʟʥʠʢʣʘ ʤʳʩʣʴ ʧʦʚʳʩʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʧʘʨʘʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʦʙʝʩʧʝʯʠʚ ʠʭ ʥʘʧʨʘʚʣʝʥʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ. ʋʩʠʣʠʷʤʠ ʥʝʩʢʦʣʴʢʠʭ ʥʘʫʯʥʳʭ ʢʦʣʣʝʢʪʠʚʦʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ 

ɺ.ʇ.ʉʢʫʣʘʯʝʚʘ ʠ M.Murphy) ʙʳʣʦ ʩʦʟʜʘʥʦ ʮʝʣʦʝ ʩʝʤʝʡʩʪʚʦ ʪʘʢʠʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʧʦʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

(mitochondria-targeted antioxidants). ʉʨʝʜʠ ʵʪʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʦʩʦʙʦʝ ʤʝʩʪʦ 

ʧʨʠʥʘʜʣʝʞʠʪ ʩʫʙʩʪʘʥʮʠʠ, ʧʦʣʫʯʠʚʰʝʡ ʦʙʦʟʥʘʯʝʥʠʝ SkQ1 (10-(6'-

ʧʣʘʩʪʦʭʠʥʦʥʠʣʜʝʮʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ). ɹʣʘʛʦʜʘʨʷ ʪʦʤʫ, ʯʪʦ ʚ ʢʘʯʝʩʪʚʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʯʘʩʪʠ ʚ ʵʪʦʤ ʚʝʱʝʩʪʚʝ ʧʨʠʩʫʪʩʪʚʫʝʪ ʧʣʘʩʪʦʭʠʥʦʥ, ʜʘʥʥʳʡ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪ ʦʙʣʘʜʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʢ ʨʝʛʝʥʝʨʘʮʠʠ ʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ, ʪʦ ʝʩʪʴ ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʢʘʢ ʫʥʠʢʘʣʴʥʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪ ʤʥʦʛʦʢʨʘʪʥʦʛʦ ʜʝʡʩʪʚʠʷ [Antonenko et 

al., 2008].  ʉʠʥʪʝʟʠʨʦʚʘʥ ʠ ʨʷʜ ʜʨʫʛʠʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʨʘʟʥʦʦʙʨʘʟʥʦʛʦ ʩʪʨʦʝʥʠʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʦʝʜʠʥʝʥʠʝ SkQR1, ʚ 

ʢʦʪʦʨʦʤ ʧʣʘʩʪʦʭʠʥʦʥ ʩʦʝʜʠʥʝʥ ʩ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ ʬʣʫʦʨʝʩʮʝʥʪʥʳʤ 

ʢʨʘʩʠʪʝʣʝʤ ï ʨʦʜʘʤʠʥʦʤ 19.  ʄʝʞʜʫ ʪʝʤ, ʜʣʷ ʨʝʰʝʥʠʷ ʚʦʧʨʦʩʘ ʦ ʚʦʟʤʦʞʥʦʤ 

ʢʣʠʥʠʯʝʩʢʦʤ ʧʨʠʤʝʥʝʥʠʠ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʵʪʠʭ ʩʫʙʩʪʘʥʮʠʡ ʥʝʦʙʭʦʜʠʤʘ 
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ʠʥʬʦʨʤʘʮʠʷ ʦʙ ʠʭ ʵʬʬʝʢʪʘʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʪʦʢʩʠʯʝʩʢʠʭ), ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ in 

vivo ʥʘ ʢʣʝʪʦʯʥʦʤ ʠ ʪʢʘʥʝʚʦʤ ʫʨʦʚʥʝ ʠ, ʨʝʘʣʠʟʫʶʪʩʷ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʥʘ ʫʨʦʚʥʝ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʢʘʢ ʚ ʠʩʭʦʜʥʦ ʟʜʦʨʦʚʦʤ 

ʦʨʛʘʥʠʟʤʝ, ʪʘʢ ʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʩʚʷʟʘʥʥʳʭ ʩ ʚʦʟʨʘʩʪʦʤ). ʇʦʩʢʦʣʴʢʫ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʫʞʝ ʩʝʡʯʘʩ ʚʭʦʜʷʪ ʚ ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ, ʠ ʚʦʧʨʦʩ ʦʙ ʠʭ 

ʵʬʬʝʢʪʘʭ ʷʚʣʷʝʪʩʷ ʧʨʦʙʣʝʤʦʡ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ, ʚʩʝʩʪʦʨʦʥʥʝʝ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ ʠ ʥʘ ʤʦʜʝʣʷʭ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʥʝ 

ʤʦʞʝʪ ʥʝ ʙʳʪʴ ʯʨʝʟʚʳʯʘʡʥʦ ʘʢʪʫʘʣʴʥʳʤ. ʀʟʫʯʝʥʠʝ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʝʡʩʪʚʠʷ 

ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʢʣʝʪʢʠ, ʪʢʘʥʠ ʠ ʦʨʛʘʥʳ in vivo ʧʦʟʚʦʣʠʪ ʥʝ ʪʦʣʴʢʦ ʦʯʝʨʪʠʪʴ 

ʢʨʫʛ ʚʦʟʤʦʞʥʳʭ ʧʨʠʤʝʥʝʥʠʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ (ʚ 

ʯʘʩʪʥʦʩʪʠ, SkQ1) ʚ ʢʣʠʥʠʢʝ, ʥʦ ʠ ʢʦʩʚʝʥʥʳʤ ʦʙʨʘʟʦʤ ʚʳʷʚʠʪ ʜʝʡʩʪʚʠʪʝʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ ʦʙʨʘʟʫʶʱʠʭʩʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʨʘʟʚʠʪʠʠ 

ʧʨʠʟʥʘʢʦʚ ʩʪʘʨʝʥʠʷ ʠ ʚ ʧʘʪʦʛʝʥʝʟʝ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʂʨʦʤʝ ʪʦʛʦ, 

ʠʩʢʣʶʯʠʪʝʣʴʥʦʝ ʟʥʘʯʝʥʠʝ ʤʦʛʫʪ ʠʤʝʪʴ ʵʬʬʝʢʪʳ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʝ ʥʝ ʩ ʫʩʪʨʘʥʝʥʠʝʤ ʧʦʚʨʝʞʜʘʶʱʝʛʦ 

ʜʝʡʩʪʚʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʘ ʩ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʨʘʙʦʪʫ 

ʩʠʛʥʘʣʴʥʳʭ ʩʠʩʪʝʤ ʢʣʝʪʢʠ. ɺʘʞʥʦ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʜʝʡʩʪʚʠʷ 

ʧʨʝʧʘʨʘʪʦʚ ʧʫʪʝʤ ʧʨʦʩʪʦʛʦ ʧʝʨʝʙʦʨʘ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʠʥʬʦʨʤʘʪʠʚʥʦ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʘʥʘʣʠʟʦʤ ʠʭ ʚʣʠʷʥʠʷ ʥʘ 

ʪʠʧʦʚʳʝ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʧʦʩʢʦʣʴʢʫ ʧʦʩʣʝʜʥʠʡ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ 

ʧʦʣʫʯʘʪʴ ʥʝ ʪʦʣʴʢʦ ʯʘʩʪʥʳʝ ʜʘʥʥʳʝ, ʥʦ ʠ ʦʯʝʨʪʠʪʴ ʨʷʜ ʦʙʱʠʭ ʦʙʣʘʩʪʝʡ 

ʚʦʟʤʦʞʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ ʜʘʥʥʦʛʦ ʢʣʘʩʩʘ ʩʦʝʜʠʥʝʥʠʡ.  

ʈʘʟʨʘʙʦʪʘʥʥʦʩʪʴ ʧʨʦʙʣʝʤʳ.  ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʢ 

ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʫʞʝ ʜʦʩʪʘʪʦʯʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʳ ʚ ʦʪʥʦʰʝʥʠʠ ʠʭ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʢʣʝʪʦʯʥʳʭ ʠ ʙʝʩʢʣʝʪʦʯʥʳʭ ʩʠʩʪʝʤʘʭ in vitro. 

ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʧʫʙʣʠʢʘʮʠʡ ʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ in vivo (ʠʰʝʤʠʷ 

ʧʦʯʢʠ, ʤʦʟʛʘ, ʤʠʦʢʘʨʜʘ, ʢʘʪʘʨʘʢʪʘ ʠ ʜʨ.) ʠ ʚ ʢʣʠʥʠʢʝ (ʩʫʭʦʡ ʛʣʘʟ, ʥʘʯʘʣʴʥʘʷ 

ʢʘʪʘʨʘʢʪʘ). ʆʧʫʙʣʠʢʦʚʘʥʳ ʨʘʙʦʪʳ ʦ ʚʣʠʷʥʠʠ  SkQ1 ʥʘ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫ 
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ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ (ʠʥʚʦʣʶʮʠʷ ʪʠʤʫʩʘ, ʫʭʫʜʰʝʥʠʝ ʥʝʚʨʦʣʦʛʠʯʝʩʢʦʛʦ 

ʩʪʘʪʫʩʘ, ʩʘʨʢʦʧʝʥʠʶ). ʆʪʥʦʩʠʪʝʣʴʥʦ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʦʧʫʙʣʠʢʦʚʘʥʘ ʪʦʣʴʢʦ ʦʜʥʘ ʨʘʙʦʪʘ [ʖʨʦʚʘ ʠ ʩʦʘʚʪ., 

2010], ʚ ʢʦʪʦʨʦʡ ʥʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʧʦʜʨʦʙʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʦʥʪʘʥʥʦʡ 

ʧʘʪʦʣʦʛʠʠ (ʢʨʦʤʝ ʦʧʫʭʦʣʝʡ). ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʥʝ ʧʨʦʠʟʚʦʜʠʣʦʩʴ 

ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚʣʠʷʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʥʘ ʨʘʟʚʠʪʠʝ ʪʠʧʦʚʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʪʘʢ ʞʝ ʢʘʢ ʦʪʩʫʪʩʪʚʫʶʪ 

ʩʧʝʮʠʘʣʴʥʳʝ ʧʫʙʣʠʢʘʮʠʠ ʦ ʪʝʩʪʠʨʦʚʘʥʠʠ  ʪʦʢʩʠʯʥʦʩʪʠ ʵʪʠʭ ʚʝʱʝʩʪʚ ʥʘ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʎʝʣʴ ʨʘʙʦʪʳ. ʀʩʩʣʝʜʦʚʘʪʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ-

ʩʦʝʜʠʥʝʥʠʷ ʧʣʘʩʪʦʭʠʥʦʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ, ʚʣʠʷʥʠʷ ʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʠ ʩʧʦʥʪʘʥʥʫʶ ʧʘʪʦʣʦʛʠʶ ʫ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ 

ʨʘʟʥʳʭ ʚʠʜʦʚ, ʘ ʪʘʢʞʝ ʥʘ ʨʘʟʚʠʪʠʝ ʦʩʥʦʚʥʳʭ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ.  

ɿʘʜʘʯʠ ʨʘʙʦʪʳ: 

1. ʀʟʫʯʠʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʟʜʦʨʦʚʳʭ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʦʩʪʨʦʤ ʦʜʥʦʢʨʘʪʥʦʤ ʚʥʫʪʨʠʚʝʥʥʦʤ ʠ ʭʨʦʥʠʯʝʩʢʦʤ 

ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʧʨʝʧʘʨʘʪʦʚ SkQ1. 

2. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʦʟ 

SkQ1 ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʞʠʚʦʪʥʳʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠ ʣʠʥʠʡ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ ʩʦʜʝʨʞʘʥʠʷ.  

3. ʆʮʝʥʠʪʴ  ʚʣʠʷʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʜʦʟ 

SkQ1 ʥʘ ʨʘʟʚʠʪʠʝ ʠ ʩʧʝʢʪʨ ʚʦʟʨʘʩʪ-ʟʘʚʠʩʠʤʦʡ ʧʘʪʦʣʦʛʠʠ ʫ ʞʠʚʦʪʥʳʭ 

ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠ ʣʠʥʠʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʫʩʣʦʚʠʡ 

ʩʦʜʝʨʞʘʥʠʷ. 

4. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ SkQ1 ʥʘ ʛʣʦʙʘʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʚ ʩʝʨʜʮʝ ʫ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʳʰʝʡ ʠ ʝʛʦ ʩʚʷʟʴ ʩ ʜʝʡʩʪʚʠʝʤ ʧʨʝʧʘʨʘʪʘ ʥʘ ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʤʠʦʢʘʨʜʝ ʩʧʦʥʪʘʥʥʳʝ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ. 
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5. ʀʩʩʣʝʜʦʚʘʪʴ ʚʣʠʷʥʠʝ SkQ1 ʥʘ ʨʘʟʚʠʪʠʝ ʘʣʴʪʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ (ʞʠʨʦʚʦʡ 

ʜʠʩʪʨʦʬʠʠ, ʥʝʢʨʦʟʘ ʠ ʘʧʦʧʪʦʟʘ) ʥʘ ʤʦʜʝʣʷʭ ʦʩʪʨʦʡ ʪʦʢʩʠʯʝʩʢʦʡ ʜʠʩʪʨʦʬʠʠ 

ʧʝʯʝʥʠ ʠ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ ʧʦʨʘʞʝʥʠʷ ʩʝʤʝʥʥʠʢʦʚ.  

6. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ SkQ1, ʘ ʪʘʢʞʝ SkQR1 ʥʘ ʨʘʟʚʠʪʠʝ ʨʘʟʥʳʭ ʪʠʧʦʚ 

ʚʦʩʧʘʣʝʥʠʷ: ʦʩʪʨʦʛʦ ʘʩʝʧʪʠʯʝʩʢʦʛʦ (ʥʘ ʤʦʜʝʣʠ ʦʩʪʨʦʛʦ ʧʘʥʢʨʝʘʪʠʪʘ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʘʨʛʠʥʠʥʦʤ), ʦʩʪʨʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ (ʥʘ ʤʦʜʝʣʠ ʦʩʪʨʦʛʦ 

ʧʠʝʣʦʥʝʬʨʠʪʘ) ʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʘʫʪʦʠʤʤʫʥʥʦʛʦ (ʥʘ ʤʦʜʝʣʠ ʨʝʚʤʘʪʦʠʜʥʦʛʦ 

ʘʨʪʨʠʪʘ). 

7. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ SkQ1 ʥʘ ʨʝʧʘʨʘʪʠʚʥʫʶ ʨʝʛʝʥʝʨʘʮʠʶ ʥʘ ʤʦʜʝʣʠ 

ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ ʢʦʞʠ ʫ ʟʜʦʨʦʚʳʭ ʤʦʣʦʜʳʭ ʠ ʩʪʘʨʳʭ ʤʳʰʝʡ ʠ ʞʠʚʦʪʥʳʭ ʩ 

ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʜʠʘʙʝʪʦʤ ʚʪʦʨʦʛʦ ʪʠʧʘ. 

8.  ʀʩʩʣʝʜʦʚʘʪʴ ʵʬʬʝʢʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʛʦ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ SkQ1 ʥʘ 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʬʦʨʤʝ ʛʠʧʝʨʪʨʦʬʠʠ ʠ 

ʬʠʙʨʦʟʘ ʤʠʦʢʘʨʜʘ ʥʘ ʤʦʜʝʣʠ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʝʨʜʮʝ ʫ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʤʳʰʝʡ. 

9. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ SkQ1 ʥʘ ʨʘʟʚʠʪʠʝ ʘʪʨʦʬʠʠ ʥʘ ʤʦʜʝʣʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʫ SOD-1 ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ ʣʠʥʠʠ (B6SJL-Tg(SOD1-

G93A)dl1Gur/J). 

10. ɼʘʪʴ ʤʦʨʬʦʣʦʛʠʯʝʩʢʫʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ ʢʦʤʧʣʝʢʩʫ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ 

(ʚʢʣʶʯʘʶʱʠʭ ʜʠʩʧʣʘʟʠʶ ʠ ʛʘʨʜʝʨʦʚʩʢʫʶ ʤʝʪʘʧʣʘʟʠʶ), ʚʦʟʥʠʢʘʶʱʠʭ ʚ 

ʩʣʝʟʥʦʡ ʞʝʣʝʟʝ ʢʨʳʩ ʠ ʚʣʠʷʥʠʷ ʥʘ ʥʠʭ SkQ1. 

11. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ SkQ1 ʥʘ ʨʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʠ ʤʦʜʝʣʠ ʩʧʦʥʪʘʥʥʦʛʦ 

ʢʘʥʮʝʨʦʛʝʥʝʟʘ ʫ ʞʠʚʦʪʥʳʭ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ ʠ ʣʠʥʠʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʦʧʠʩʘʥʘ ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ 

ʢʘʨʪʠʥʘ ʠʥʪʦʢʩʠʢʘʮʠʠ ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʣʝʪʘʣʴʥʳʭ ʜʦʟ SkQ1 ʠ 

ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʛʠʙʝʣʴ ʧʨʠ ʵʪʦʤ ʧʨʦʠʩʭʦʜʠʪ ʦʪ ʦʪʝʢʘ ʣʝʛʢʠʭ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʝ ʧʝʨʦʨʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ SkQ1 ʚ ʜʦʟʘʭ ʜʦ 2000 

ʥʤʦʣʴ/ʢʛ ʥʝ ʚʳʟʳʚʘʝʪ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʨʛʘʥʘʭ ʞʠʚʦʪʥʳʭ.  ɺʧʝʨʚʳʝ 

ʙʳʣ ʠʟʫʯʝʥ ʵʬʬʝʢʪ SkQ1 ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʣʠʥʝʡʥʳʭ 
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ʤʳʰʝʡ (C57BL/6 ʠ BALB/c) ʚ SPF-ʫʩʣʦʚʠʷʭ ʠ ʜʠʢʠʭ ʞʠʚʦʪʥʳʭ (ʭʦʤʷʯʦʢ 

ʂʵʤʧʙʝʣʣʘ ʠ ʦʙʳʢʥʦʚʝʥʥʘʷ ʩʣʝʧʫʰʦʥʢʘ), ʩʦʜʝʨʞʘʚʰʠʭʩʷ ʚ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʦʤ 

ʚʠʚʘʨʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ SkQ1 ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʞʠʚʦʪʥʳʭ ʚ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʩʘʤʮʦʚ (ʥʦ ʥʝ ʩʘʤʦʢ) ʣʠʥʝʡʥʳʭ 

ʤʳʰʝʡ ʚ  SPF-ʚʠʚʘʨʠʠ. ʕʪʦ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʚ 

ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʥʝ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʩʧʝʢʪʨʘ ʩʧʦʥʪʘʥʥʦʡ 

ʧʘʪʦʣʦʛʠʠ, ʘ ʫ ʩʘʤʮʦʚ ʤʳʰʝʡ ʦʥʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʥʠʞʝʥʠʝʤ ʯʘʩʪʦʪʳ 

ʩʧʦʥʪʘʥʥʦʡ ʚʦʟʨʘʩʪʥʦʡ (ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ) ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ ʠ ʥʝ ʧʨʠʚʦʜʠʣʦ ʢ ʨʦʩʪʫ 

ʯʘʩʪʦʪ ʩʧʦʥʪʘʥʥʳʭ ʦʧʫʭʦʣʝʡ.  ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʩʠʩʪʝʤʘʪʠʯʝʩʢʦʝ ʠʟʫʯʝʥʠʝ 

ʵʬʬʝʢʪʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʨʘʟʚʠʪʠʝ ʪʠʧʦʚʳʭ 

ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ (ʘʣʴʪʝʨʘʮʠʠ, ʵʢʩʩʫʜʘʪʠʚʥʦʛʦ ʠ ʧʨʦʜʫʢʪʠʚʥʦʛʦ 

ʚʦʩʧʘʣʝʥʠʷ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʠʤʤʫʥʥʦʛʦ), ʨʝʧʘʨʘʪʠʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ, ʘʪʨʦʬʠʠ, 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʜʠʩʧʣʘʟʠʠ ʠ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ), ʚ 

ʪʦʤ ʯʠʩʣʝ ʠ ʥʘ ʥʝʢʦʪʦʨʳʭ ʥʦʚʳʭ ʤʦʜʝʣʷʭ ʙʦʣʝʟʥʝʡ (ʦʧʫʭʦʣʝʡ ʪʠʤʫʩʘ, 

ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʥʝʤʠʠ,  ʜʠʩʧʣʘʟʠʠ ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚ ʩʣʝʟʥʦʡ 

ʞʝʣʝʟʝ). ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ï ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʣʘʩʪʦʭʠʥʦʥʘ -  ʥʝ ʦʢʘʟʳʚʘʶʪ ʟʥʘʯʠʤʦʛʦ ʵʬʬʝʢʪʘ ʥʘ ʘʣʴʪʝʨʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ 

(ʞʠʨʦʚʫʶ ʜʠʩʪʨʦʬʠʶ, ʥʝʢʨʦʟ, ʘʧʦʧʪʦʟ) ʧʨʠ ʪʦʢʩʠʯʝʩʢʦʤ ʧʦʨʘʞʝʥʠʠ ʧʝʯʝʥʠ ʠ 

ʩʝʤʝʥʥʠʢʦʚ ʠ ʩʥʠʞʘʝʪ ʚʳʨʘʞʝʥʥʦʩʪʴ ʠʥʬʠʣʴʪʨʘʮʠʠ ʢʣʝʪʢʘʤʠ-ʵʬʬʝʢʪʦʨʘʤʠ 

(ʣʠʤʬʦʮʠʪʘʤʠ, ʤʘʢʨʦʬʘʛʘʤʠ, ʛʨʘʥʫʣʦʮʠʪʘʤʠ) ʚʦ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʦʜʝʣʷʭ 

ʚʦʩʧʘʣʝʥʠʷ (ʙʘʢʪʝʨʠʘʣʴʥʳʡ ʧʠʝʣʦʥʝʬʨʠʪ, ʘʩʝʧʪʠʯʝʩʢʠʡ ʧʘʥʢʨʝʘʪʠʪ, 

ʘʫʪʦʠʤʤʫʥʥʳʡ ʘʨʪʨʠʪ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SkQ1 ʠʥʛʠʙʠʨʫʝʪ 

ʨʘʟʚʠʪʠʝ ʬʠʙʨʦʟʘ ʠ ʛʠʧʝʨʪʨʦʬʠʠ ʤʠʦʢʘʨʜʘ, ʘ ʪʘʢʞʝ ʤʝʪʘʧʣʘʟʠʠ ʵʧʠʪʝʣʠʷ ʩʣʝʟʥʦʡ 

ʞʝʣʝʟʳ, ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʥʝʤʠʠ ʠ ʤʝʪʘʩʪʘʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ 

ʬʦʣʣʠʢʫʣʷʨʥʳʭ ʣʠʤʬʦʤ. ɺʧʝʨʚʳʝ ʠʟʫʯʝʥ ʵʬʬʝʢʪ SkQ1 ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ in 

vivo (ʚ ʩʝʨʜʮʝ) ʠ ʧʦʢʘʟʘʥʦ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ 

ʟʘ ʢʣʝʪʦʯʥʫʶ ʘʜʛʝʟʠʶ ʠ ʪʨʘʥʩʵʥʜʦʪʝʣʠʘʣʴʥʫʶ ʤʠʛʨʘʮʠʶ (ICAMs, VCAMs), ʥʦ ʥʝ 

ʩʠʩʪʝʤ, ʚʦʚʣʝʯʝʥʥʳʭ ʚ ʨʘʟʚʠʪʠʝ ʥʝʢʨʦʟʘ ʠʣʠ ʘʧʦʧʪʦʟʘ. ʕʪʠ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʦʠʩʭʦʜʠʣʠ ʧʘʨʘʣʣʝʣʴʥʦ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʨʘʟʚʠʪʠʷ 

ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʪʢʘʥʷʭ (ʛʠʧʝʨʪʨʦʬʠʠ ʠ ʬʠʙʨʦʟʘ) ʠ ʭʦʨʦʰʦ 
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ʩʦʛʣʘʩʦʚʘʣʠʩʴ ʩ ʦʙʥʘʨʫʞʝʥʥʳʤ ʚʣʠʷʥʠʝʤ SkQ1 ʥʘ ʪʠʧʦʚʳʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ ʤʠʛʨʘʮʠʷ ʮʠʨʢʫʣʠʨʫʶʱʠʭ 

ʢʣʝʪʦʢ. 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ. ʆʩʥʦʚʥʦʝ ʪʝʦʨʝʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ 

ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʠʟʤʝʥʝʥʠʠ ʠ ʫʪʦʯʥʝʥʠʠ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦ ʤʠʰʝʥʷʭ ʠ 

ʤʝʭʘʥʠʟʤʝ ʜʝʡʩʪʚʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʩʪʦʭʠʥʦʥʘ. 

ʇʨʝʠʤʫʱʝʩʪʚʝʥʥʦʝ ʜʝʡʩʪʚʠʝ SkQ1 ʥʘ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʘ ʪʘʢʞʝ ʥʘ 

ʨʝʛʝʥʝʨʘʮʠʶ ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʷʚʣʝʥʠʷ, ʩʚʷʟʘʥʥʦʝ ʩ ʝʛʦ 

ʚʣʠʷʥʠʝʤ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʤʦʣʝʢʫʣ ʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ, ʧʨʦʮʝʩʩʳ ʤʠʛʨʘʮʠʠ ʢʣʝʪʦʢ 

ʠʟ ʢʨʦʚʦʪʦʢʘ ʠ ʩʦʩʪʘʚ ʠʥʬʠʣʴʪʨʘʪʘ ʫʢʘʟʳʚʘʝʪ, ʯʪʦ ʵʬʬʝʢʪʳ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʥʝ 

ʩʚʦʜʷʪʩʷ ʪʦʣʴʢʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ. ʕʪʦ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʷʝʪ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʤʝʭʘʥʠʟʤʝ ʜʝʡʩʪʚʠʷ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ 

SkQ1 ʠ ʦʪʢʨʳʚʘʶʪ ʥʦʚʳʝ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʣʠʥʠʢʝ. ʇʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ 

ʪʦʤ, ʯʪʦ ʚ ʥʝʡ ʚʧʝʨʚʳʝ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

SkQ1 ʠ SkQR1 ʚ ʦʪʥʦʰʝʥʠʠ ʮʝʣʦʛʦ ʨʷʜʘ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ 

ï ʦʩʪʨʦʛʦ ʧʠʝʣʦʥʝʬʨʠʪʘ, ʦʩʪʨʦʛʦ ʧʘʥʢʨʝʘʪʠʪʘ, ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ, 

ʬʦʣʣʠʢʫʣʷʨʥʦʡ ʣʠʤʬʦʤʳ, ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʥʝʤʠʠ, ʛʠʧʝʨʪʨʦʬʠʠ ʠ ʬʠʙʨʦʟʘ 

ʤʠʦʢʘʨʜʘ, ʟʘʞʠʚʣʝʥʠʷ ʪʨʘʚʤ ʢʦʞʠ ʧʨʠ ʜʠʘʙʝʪʝ ʚʪʦʨʦʛʦ ʪʠʧʘ, ʫʩʪʘʥʦʚʣʝʥʦ 

ʥʘʣʠʯʠʝ ʫ ʧʨʝʧʘʨʘʪʘ ʛʝʨʦʧʨʦʪʝʢʪʦʨʥʳʭ ʩʚʦʡʩʪʚ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʧʨʠʥʷʪʳ ʚʦ ʚʥʠʤʘʥʠʝ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠ ʧʨʦʚʝʜʝʥʠʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʦʩʥʦʚʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʩʪʦʭʠʥʦʥʘ. 

ʂʨʦʤʝ ʪʦʛʦ, ʚ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʠ ʦʭʘʨʘʢʪʝʨʠʟʦʚʘʥʳ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʣʝʟʥʦʡ 

ʞʝʣʝʟʳ ʢʨʳʩ ʠ ʥʝʩʢʦʣʴʢʦ ʥʦʚʳʭ ʤʦʜʝʣʝʡ ʙʦʣʝʟʥʝʡ ʯʝʣʦʚʝʢʘ (ʪʠʤʦʤʳ ʪʠʧʘ ɺ1, 

ʛʝʤʦʣʠʪʠʯʝʩʢʦʡ ʘʥʝʤʠʠ), ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʫʙʩʪʘʥʮʠʡ. ʅʘʢʦʥʝʮ, ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʙʳʣʦ 

ʧʨʦʠʟʚʝʜʝʥʦ ʪʦʢʩʠʢʦʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ SkQ1, ʚʢʣʶʯʘʷ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʢʘʥʮʝʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʥʘ ʞʠʚʦʪʥʳʭ ʦʙʦʠʭ ʧʦʣʦʚ ʠ ʨʘʟʥʳʭ ʚʠʜʦʚ, ʜʘʥʥʳʝ 

ʢʦʪʦʨʦʛʦ ʜʦʣʞʥʳ ʫʯʠʪʳʚʘʪʴʩʷ ʧʨʠ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ SkQ1. 
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ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʙʦʪʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʦʚ ʨʘʟʥʳʭ ʜʦʟ ʠʩʧʳʪʫʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ, 

ʚʳʧʦʣʥʝʥʥʦʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 15 ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʞʠʚʦʪʥʳʭ, ʘ ʪʘʢʞʝ ʙʦʣʴʰʦʛʦ ʥʘʙʦʨʘ ʤʝʪʦʜʦʚ ʜʝʪʝʢʮʠʠ ʠʟʤʝʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ in vivo: ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ, ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ, 

ʛʠʩʪʦʭʠʤʠʯʝʩʢʠʭ, ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʠʭ, ʙʠʦʭʠʤʠʯʝʩʢʠʭ, ʤʦʣʝʢʫʣʷʨʥʦ-

ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʧʦʩʦʙʦʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ 

ʦʙʨʘʙʦʪʢʠ ʜʘʥʥʳʭ. 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. SkQ1 ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʜʦʟʘʭ ʥʝ ʚʳʟʳʚʘʝʪ 

ʪʦʢʩʠʢʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʠ ʥʝ ʦʙʣʘʜʘʝʪ 

ʢʘʥʮʝʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. 

2. SkQ1 ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ (ʧʦʞʠʟʥʝʥʥʦʤ) ʧʨʠʤʝʥʝʥʠʠ ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʞʠʚʦʪʥʳʭ ʨʘʟʥʳʭ ʣʠʥʠʡ ʠ ʚʠʜʦʚ, ʦʙʠʪʘʶʱʠʭ ʚ 

ʨʘʟʣʠʯʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʠʯʝʤ ʵʪʦʪ ʵʬʬʝʢʪ ʤʦʞʝʪ ʩʦʧʨʦʚʦʞʜʘʪʴʩʷ 

ʩʥʠʞʝʥʠʝʤ ʯʘʩʪʦʪʳ ʥʝʠʥʬʝʢʮʠʦʥʥʳʭ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʦʨʘʞʝʥʠʡ ʩʝʨʜʮʘ 

(ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ), ʣʠʙʦ ʧʨʦʠʩʭʦʜʠʪʴ ʙʝʟ ʠʟʤʝʥʝʥʠʡ ʩʧʝʢʪʨʘ ʩʧʦʥʪʘʥʥʳʭ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ. 

3. ʆʩʥʦʚʥʳʝ ʵʬʬʝʢʪʳ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ SkQ1 

ʦʙʫʩʣʦʚʣʝʥʳ ʝʛʦ ʚʣʠʷʥʠʝʤ ʥʘ ʚʦʩʧʘʣʝʥʠʝ (ʩʭʦʜʥʦʤ ʩ ʚʣʠʷʥʠʝʤ ʝʛʦ ʘʥʘʣʦʛʘ 

SkQR1) ʠ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ 

ʤʦʜʫʣʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ 

ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʘʮʠʶ 

ʵʥʜʦʪʝʣʠʷ ʠ ʤʠʛʨʘʮʠʶ ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʢʣʝʪʦʢ ʚ ʪʢʘʥʠ; ʛʦʨʘʟʜʦ ʤʝʥʝʝ 

ʵʬʬʝʢʪʠʚʥʦ ʜʝʡʩʪʚʠʝ SkQ1 ʥʘ ʘʣʴʪʝʨʘʮʠʶ ʠ ʢʘʥʮʝʨʦʛʝʥʝʟ. 

ʇʫʙʣʠʢʘʮʠʠ. ʇʦ ʤʘʪʝʨʠʘʣʘʤ ʜʠʩʩʝʨʪʘʮʠʠ ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ 44 ʨʘʙʦʪʳ ʥʘ 

ʨʫʩʩʢʦʤ ʠ ʘʥʛʣʠʡʩʢʦʤ ʷʟʳʢʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 1 ʤʦʥʦʛʨʘʬʠʷ ʠ 21 ʩʪʘʪʴʷ ʚ ʞʫʨʥʘʣʘʭ, 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʢʨʠʪʝʨʠʷʤ ʠ ʠʟ ʩʧʠʩʢʘ ɺɸʂ. 
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ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ. ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʲʝʤʦʤ ʤʘʪʝʨʠʘʣʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʘʜʝʢʚʘʪʥʳʭ 

ʢʨʠʪʝʨʠʝʚ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʠ ʧʫʙʣʠʢʘʮʠʝʡ ʜʘʥʥʳʭ ʚ ʞʫʨʥʘʣʘʭ ʩ ʚʳʩʦʢʠʤ 

ʠʤʧʘʢʪ-ʬʘʢʪʦʨʦʤ. ʄʘʪʝʨʠʘʣʳ ʨʘʙʦʪʳ ʙʳʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ 8-ʤ ɺʩʝʨʦʩʩʠʡʩʢʦʤ 

ʩʲʝʟʜʝ ʦʥʢʦʣʦʛʦʚ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 11-13 ʩʝʥʪʷʙʨʷ 2013ʛ.), 7-ʡ ʈʦʩʩʠʡʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ ʦʥʢʦʣʦʛʠʠ çʇʝʪʨʦʚʩʢʠʝ ʯʪʝʥʠʷè (ʉʘʥʢʪ-

ʇʝʪʝʨʙʫʨʛ, 22 ʘʧʨʝʣʷ 2011ʛ.), 10-ʡ ʈʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʡ 

ʦʥʢʦʣʦʛʠʠ çʇʝʪʨʦʚʩʢʠʝ ʯʪʝʥʠʷè (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 25 ʘʧʨʝʣʷ 2014ʛ.), 2-ʡ 

ɽʞʝʛʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʅʘʫʢʘ ʦ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ: ʩʦʚʨʝʤʝʥʥʳʝ 

ʧʦʜʭʦʜʳ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 21-22 ʜʝʢʘʙʨʷ 2012ʛ.), 3-ʡ ɽʞʝʛʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ʩʧʝʮʠʘʣʠʩʪʦʚ ʧʦ ʨʘʙʦʪʝ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʞʠʚʦʪʥʳʤʠ (ʅʦʚʦʩʠʙʠʨʩʢ, 25-28 

ʩʝʥʪʷʙʨʷ 2013ʛ.), 18-ʡ ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʇʫʱʠʥʩʢʦʡ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ 

ʫʯʝʥʳʭ çɹʠʦʣʦʛʠʷ ï ʥʘʫʢʘ XXI  ʚʝʢʘè (ʇʫʱʠʥʦ, 21 - 25 ʘʧʨʝʣʷ 2014 ʛ.), XXI 

ʄʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩʪʫʜʝʥʪʦʚ, ʘʩʧʠʨʘʥʪʦʚ ʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

"ʃʦʤʦʥʦʩʦʚ-2014" (ʄʦʩʢʚʘ, 7-11 ʘʧʨʝʣʷ 2014 ʛ.), XXI ʈʦʩʩʠʡʩʢʦʤ ʥʘʮʠʦʥʘʣʴʥʦʤ 

ʢʦʥʛʨʝʩʩʝ òʏʝʣʦʚʝʢ ʠ ʣʝʢʘʨʩʪʚʦò, (ʄʦʩʢʚʘ, 7-11 ʘʧʨʝʣʷ 2014 ʛ.), IX ʂʦʥʬʝʨʝʥʮʠʠ 

ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ-ʦʥʢʦʣʦʛʦʚ, ʧʦʩʚʷʱʝʥʥʫʶ ʧʘʤʷʪʠ ʘʢʘʜʝʤʠʢʘ ʈɸʄʅ 

ʅ.ɺ.ɺʘʩʠʣʴʝʚʘ "ɸʢʪʫʘʣʴʥʳʝ ʚʦʧʨʦʩʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʢʣʠʥʠʯʝʩʢʦʡ 

ʦʥʢʦʣʦʛʠʠ" (ʊʦʤʩʢ, 25 ʘʧʨʝʣʷ 2014ʛ.), IV ʉʲʝʟʜʝ ʬʠʟʠʦʣʦʛʦʚ ʉʅɻ çʌʠʟʠʦʣʦʛʠʷ ʠ 

ʟʜʦʨʦʚʴʝ ʯʝʣʦʚʝʢʘè (ʉʦʯʠ-ɼʘʛʦʤʳʩ, 8-12 ʦʢʪʷʙʨʷ 2014ʛ.), ʥʘ ʩʝʤʠʥʘʨʘʭ ʅʀʀ ʌʍɹ 

ʠʤ. ɸ.ʅ. ɹʝʣʦʟʝʨʩʢʦʛʦ ʄɻʋ (2009-2015ʛʛ.), V ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʠʥʪʝʨʥʝʪ-

ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʘʥʘʪʦʤʠʠ, 

ʛʠʩʪʦʣʦʛʠʠ ʠ ʵʤʙʨʠʦʣʦʛʠʠ ʞʠʚʦʪʥʳʭè (ʂʘʟʘʥʴ, 2014ʛ.), Rus-LASA ï ICLAS 

International Conference ñScience-based assessment of laboratory animal welfareò 

(ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 17-19 ʥʦʷʙʨʷ 2014), V International Interdisciplinary Academic 

Conference «Innovations & Humansè (ɸʥʪʘʣʠʷ, 26 ʘʧʨʝʣʷ ï 7 ʤʘʷ 2014ʛ.), 51st 

European Renal Association ï European Dialysis and Transplant Association Congress 

(ɸʤʩʪʝʨʜʘʤ, 31 ʤʘʷ ï 3 ʠʶʥʷ 2014ʛ.), II  International Conference «Homo sapiens 

liberatusè (ʄʦʩʢʚʘ, 2 ï 4 ʤʘʨʪʘ 2015ʛ.). 
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ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ. ʈʘʙʦʪʘ ʧʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤʫ ʤʦʜʝʣʠʨʦʚʘʥʠʶ ʠ 

ʠʩʩʣʝʜʦʚʘʥʠʶ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ SkQ1, ʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʘʣʴʪʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʚ ʩʝʤʝʥʥʦʡ ʞʝʣʝʟʝ ʠ ʧʨʦʜʫʢʪʠʚʥʦʝ ʚʦʩʧʘʣʝʥʠʝ (ʨʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ) ʚʳʧʦʣʥʝʥʘ 

ʘʚʪʦʨʦʤ ʩʦʚʤʝʩʪʥʦ ʩ ɸ.ɸ. ɸʥʜʨʝʝʚʳʤ-ɸʥʜʨʠʝʚʩʢʠʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ  SkQ1 

ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʞʠʚʦʪʥʳʭ ï ʩʦʚʤʝʩʪʥʦ ʩ ʄ.ʉ. ʂʨʘʩʠʣʴʱʠʢʦʚʦʡ, 

ʄ.ʇ. ʄʦʰʢʠʥʳʤ, ʀ.ɻ. ʐʘʙʘʣʠʥʦʡ ʠ ʂ.ɸ. ʈʦʛʦʚʠʥʳʤ, ʜʝʡʩʪʚʠʝ ʥʘ ʘʪʨʦʬʠʶ 

(ʙʦʢʦʚʦʡ ʘʤʠʦʪʨʦʬʠʯʝʩʢʠʡ ʩʢʣʝʨʦʟ), ʪʦʢʩʠʯʝʩʢʫʶ ʘʣʴʪʝʨʘʮʠʶ ʚ ʧʝʯʝʥʠ ʠ 

ʘʩʝʧʪʠʯʝʩʢʦʝ ʚʦʩʧʘʣʝʥʠʝ (ʧʘʥʢʨʝʘʪʠʪ) ï ʩʦʚʤʝʩʪʥʦ ʩ ʄ.ʃ. ʃʦʚʘʪʝʤ, ʚʣʠʷʥʠʝ 

SkQR1 ʥʘ ʦʩʪʨʦʝ ʙʘʢʪʝʨʠʘʣʴʥʦʝ ʚʦʩʧʘʣʝʥʠʝ (ʧʠʝʣʦʥʝʬʨʠʪ) ï ʩʦʚʤʝʩʪʥʦ ʩ ɽ.ʖ. 

ʇʣʦʪʥʠʢʦʚʳʤ ʠ ɼ.ɹ. ɿʦʨʦʚʳʤ, ʠʩʩʣʝʜʦʚʘʥʠʝ SkQ1 ʥʘ ʨʝʧʘʨʘʪʠʚʥʫʶ ʨʝʛʝʥʝʨʘʮʠʶ 

ʢʦʞʠ ï ʩʦʚʤʝʩʪʥʦ ʩ ʀ.ɸ. ɼʝʤʴʷʥʝʥʢʦ, ʆ.ʇ. ʀʣʴʠʥʩʢʦʡ ʠ ʆ.ʖ. ʇʣʝʪʶʰʢʠʥʦʡ, ʥʘ 

ʛʣʦʙʘʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʚ ʩʝʨʜʮʝ - ʩʦʚʤʝʩʪʥʦ ʩ ʀ.ʀ. ɻʘʣʢʠʥʳʤ ʠ 

ʈ.ɸ.ɿʠʥʦʚʢʠʥʳʤ. ɺʩʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʯʘʩʪʴ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ ʧʨʦʚʝʜʝʥʠʝ 

ʥʝʢʨʦʧʩʠʡ ʞʠʚʦʪʥʳʭ, ʛʠʩʪʦʪʝʭʥʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʤʘʪʝʨʠʘʣʘ, ʜʠʘʛʥʦʩʪʠʯʝʩʢʫʶ 

ʚʝʨʠʬʠʢʘʮʠʶ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʠ ʠʭ ʢʘʯʝʩʪʚʝʥʥʫʶ, 

ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ (ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʫʶ) ʦʮʝʥʢʫ, 

ʩʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ ʚʳʧʦʣʥʝʥʘ ʣʠʯʥʦ 

ʘʚʪʦʨʦʤ. 
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ɻʃɸɺɸ 1. 

ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

1.1 ɸʢʪʠʚʥʳʝ ʬʦʨʤʳ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ) ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʢʘʢ 

ʦʩʥʦʚʥʳʝ ʧʨʝʜʧʦʣʘʛʘʝʤʳʝ ʤʠʰʝʥʠ ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ   

1.1.1 ʂʨʘʪʢʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ɸʌʂ ʠ ʜʨʫʛʠʭ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ 

ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʨʝʘʢʮʠʠ ʩ ʫʯʘʩʪʠʝʤ ʢʠʩʣʦʨʦʜʘ ʷʚʣʷʶʪʩʷ 

ʩʫʱʥʦʩʪʥʦʡ ʯʝʨʪʦʡ ʣʶʙʦʛʦ ʘʵʨʦʙʥʦʛʦ ʦʨʛʘʥʠʟʤʘ. ʇʦʤʠʤʦ ʫʯʘʩʪʠʷ ʚ ʛʝʥʝʨʘʮʠʠ 

ʵʥʝʨʛʠʠ (ʘʵʨʦʙʥʦʝ ʜʳʭʘʥʠʝ), ʵʪʠ ʨʝʘʢʮʠʠ ʠʤʝʶʪ ʙʦʣʴʰʦʝ ʟʥʘʯʝʥʠʝ ʜʣʷ 

ʦʩʫʱʝʩʪʚʣʝʥʠʷ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʛʫʣʷʪʦʨʥʳʭ ʠ ʟʘʱʠʪʥʳʭ ʬʫʥʢʮʠʡ. ʆʜʥʘʢʦ, 

ʥʝʠʟʙʝʞʥʳʤ ʧʦʙʦʯʥʳʤ ʩʣʝʜʩʪʚʠʝʤ (ʘ ʠʥʦʛʜʘ ï ʠ ʦʩʥʦʚʥʳʤ ʵʬʬʝʢʪʦʤ) ʪʘʢʦʛʦ 

ʨʦʜʘ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ ʧʨʦʜʫʢʮʠʷ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ). ɺ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʠʟʚʝʩʪʥʳ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ  ʨʘʟʥʦʚʠʜʥʦʩʪʠ ɸʌʂ:  

1) ʩʫʧʝʨʦʢʩʠʜʥʳʡ ʘʥʠʦʥ-ʨʘʜʠʢʘʣ - ʆ2
.-
 (ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥ, çʧʨʦʢʩʠʤʘʣʴʥʘʷ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ɸʌʂè ʧʦ M. P. Murphy [Murphy, 2009];  

2) ʛʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ - ʆʅ
.
  

3) ʧʝʨʛʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ - ʅʆʆ
.
  

4) ʧʝʨʝʢʠʩʴ ʚʦʜʦʨʦʜʘ - ʅ2ʆ2 

5) ʩʠʥʛʣʝʪʥʳʡ ʢʠʩʣʦʨʦʜ ï ʆ2
.
 

ʂʨʦʤʝ ʫʢʘʟʘʥʥʳʭ ʬʦʨʤ ɸʌʂ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʘʢʪʠʚʥʳʭ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʦʩʪʘʪʦʯʥʦ ʘʢʪʠʚʥʳʤ ʩʦʝʜʠʥʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 

ʦʢʩʠʜ ʘʟʦʪʘ NO. ɺʪʦʨʠʯʥʳʝ ʧʨʦʜʫʢʪʳ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ 

ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʩ ʦʨʛʘʥʠʯʝʩʢʠʤʠ ʩʫʙʩʪʨʘʪʘʤʠ, ʪʘʢʞʝ ʦʙʣʘʜʘʶʪ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ  ʘʣʢʦʢʩʠʣʴʥʳʝ (RO.) ʠ 

ʧʝʨʦʢʩʠʣʴʥʳʝ (ROO
.
) ʨʘʜʠʢʘʣʳ, ʛʠʜʨʦʧʝʨʝʢʠʩʠ ROOH, ʣʠʧʦʧʝʨʝʢʠʩʠ LOOH, 

ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʘʟʦʪʠʩʪʳʝ ʦʩʥʦʚʘʥʠʷ ʚ ɼʅʂ, ʨʘʜʠʢʘʣʳ ʘʤʠʥʦʢʠʩʣʦʪ ʠ ʪ.ʧ. 

[ʍʘʚʠʥʩʦʥ ʠ ʩʦʘʚʪ., 2003; ʄʝʥʴʱʠʢʦʚʘ ʠ ʩʦʘʚʪ., 2006, ʇʨʘʟʜʥʦʚʘ, 2013]. ɺ ʦʙʱʝʤ 

ʩʣʫʯʘʝ, ʩʚʦʙʦʜʥʳʤ ʨʘʜʠʢʘʣʦʤ ʥʘʟʳʚʘʝʪʩʷ ʤʦʣʝʢʫʣʘ, ʠʤʝʶʱʘʷ ʦʜʠʥ ʠʣʠ ʥʝʩʢʦʣʴʢʦ 
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ʥʝʩʧʘʨʝʥʥʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʚʥʝʰʥʝʡ ʦʨʙʠʪʘʣʠ, ʯʪʦ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʘʣʠʯʠʝ ʫ ʥʝʝ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʚʘʣʝʥʪʥʦʩʪʠ ʠ ʚʳʩʦʢʦʡ ʨʝʘʢʮʠʦʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ [ɺʣʘʜʠʤʠʨʦʚ ʠ 

ʩʦʘʚʪ., 1991; ɺʣʘʜʠʤʠʨʦʚ, 1998]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦ ʧʨʦʠʩʭʦʞʜʝʥʠʶ ʚʩʝ 

ʠʟʚʝʩʪʥʳʝ ʩʚʦʙʦʜʥʳʝ ʨʘʜʠʢʘʣʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ ʩʣʝʜʫʶʱʠʝ ʪʨʠ ʢʣʘʩʩʘ 

[ɺʣʘʜʠʤʠʨʦʚ, 1998]:  

1) ʧʝʨʚʠʯʥʳʝ - ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʨʝʟʫʣʴʪʘʪ ʨʝʘʢʮʠʡ ʦʜʥʦʵʣʝʢʪʨʦʥʥʦʛʦ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʠ ʫʯʘʩʪʠʠ ʤʝʪʘʣʣʦʚ ʩ ʧʝʨʝʤʝʥʥʦʡ ʚʘʣʝʥʪʥʦʩʪʴʶ; ʢ ʥʠʤ 

ʦʪʥʦʩʷʪʩʷ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥ, ʦʢʩʠʜ ʘʟʦʪʘ, ʨʘʜʠʢʘʣʳ ʫʙʠʭʠʥʦʥʘ;  

2) ʚʪʦʨʠʯʥʳʝ ï ʧʨʦʠʩʭʦʜʷʪ ʠʟ ʨʘʜʠʢʘʣ-ʦʙʨʘʟʫʶʱʠʭ ʤʦʣʝʢʫʣ; ʢ ʥʠʤ ʦʪʥʦʩʷʪʩʷ, 

ʪʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʛʠʜʨʦʢʩʠʣʴʥʳʡ ʨʘʜʠʢʘʣ ʠ ʣʠʧʠʜʥʳʝ ʨʘʜʠʢʘʣʳ;  

3) ʪʨʝʪʠʯʥʳʝ - ʦʙʨʘʟʫʶʪʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʚʪʦʨʠʯʥʳʭ ʨʘʜʠʢʘʣʦʚ ʥʘ ʤʦʣʝʢʫʣʳ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠ ʜʨʫʛʠʭ ʣʝʛʢʦ ʦʢʠʩʣʷʝʤʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

ʇʝʨʚʠʯʥʳʝ ʨʘʜʠʢʘʣʳ ʚ ʥʦʨʤʝ ʚʳʧʦʣʥʷʶʪ ʨʷʜ ʚʘʞʥʳʭ ʬʫʥʢʮʠʡ ʚ ʦʨʛʘʥʠʟʤʝ, 

ʠ ʧʨʦʷʚʣʷʶʪ ʥʝʛʘʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʪʦʣʴʢʦ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʙʘʣʘʥʩʘ ʠʭ ʧʨʦʜʫʢʮʠʠ; 

ʚʪʦʨʠʯʥʳʝ ʩʘʤʠ ʧʦ ʩʝʙʝ ʦʢʘʟʳʚʘʶʪ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ; ʪʨʝʪʠʯʥʳʝ ʞʝ 

ʟʘʥʠʤʘʶʪ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ [ʇʨʘʟʜʥʦʚʘ, 2013].  

ʂʘʞʜʘʷ ʠʟ ʥʘʟʚʘʥʥʳʭ ʚʳʰʝ ʨʘʟʥʦʚʠʜʥʦʩʪʝʡ ɸʌʂ ʦʙʣʘʜʘʝʪ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʧʨʦʠʩʭʦʞʜʝʥʠʝʤ ʠ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤʠ ʦʩʦʙʝʥʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʚʦ ʤʥʦʛʦʤ 

ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʠʭ ʧʨʠʩʫʪʩʪʚʠʝ ʚ ʪʝʭ ʠʣʠ ʠʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʢʣʝʪʢʠ 

(ʤʠʪʦʭʦʥʜʨʠʠ, ʮʠʪʦʟʦʣʴ) ʠ ʨʘʟʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʷʭ [Halliwell, Gutteridge, 1984; Katz, 1986; Halliwell, 

1987; Halliwell, 1989; Halliwell, Gutteridge, 1990; Aruoma et al., 1991; Martínez-

Cayuela, 1995; ɿʝʥʢʦʚ ʠ ʩʦʘʚʪ., 2001; ʄʝʥʴʰʠʢʦʚʘ ʠ ʩʦʘʚʪ., 2006]. ɺ ʣʶʙʦʤ ʞʠʚʦʤ 

ʦʨʛʘʥʠʟʤʝ ʩʫʱʝʩʪʚʫʝʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠ ʥʦʨʤʘʣʴʥʳʡ ʫʨʦʚʝʥʴ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʧʦʩʪʦʷʥʥʦ ʧʨʦʪʝʢʘʶʱʝʝ 

ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʣʠʧʠʜʦʚ (ʇʆʃ), ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʨʝʛʫʣʠʨʦʚʘʥʠʷ ʣʠʧʠʜʥʦʛʦ 

ʩʦʩʪʘʚʘ, ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʤʝʤʙʨʘʥ ʠ ʨʷʜʘ ʜʨʫʛʠʭ ʙʠʦʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

[ɿʝʥʢʦʚ ʠ ʩʦʘʚʪ., 2001]. ʀʤʤʫʥʦʮʠʪʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʩʧʦʣʴʟʫʶʪ ɸʌʂ ʜʣʷ 

ʙʦʨʴʙʳ ʩ ʚʥʫʪʨʠ- ʠ ʚʥʝʢʣʝʪʦʯʥʳʤʠ ʧʘʪʦʛʝʥʘʤʠ [Babior, 2004; Ojha et al., 2008]. 

ʉʫʱʝʩʪʚʫʝʪ ʮʝʣʳʡ ʨʷʜ ʜʨʫʛʠʭ ʧʨʠʤʝʨʦʚ ʫʯʘʩʪʠʷ ɸʌʂ ʚ ʨʝʛʫʣʷʮʠʠ ʢʣʝʪʦʯʥʳʭ 
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ʬʫʥʢʮʠʡ [Suzuki et al., 1997]. ʆʜʥʘʢʦ ʚʩʝ ʞʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʫʨʦʚʝʥʴ 

ʩʦʜʝʨʞʘʥʠʷ ɸʌʂ ʚ ʥʦʨʤʝ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʦʢ, ʠ ʢʣʝʪʢʘ ʣʠʙʦ ʠʥʘʢʪʠʚʠʨʫʝʪ ʠʭ ʩ 

ʧʦʤʦʱʴʶ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʠʩʪʝʤ, ʣʠʙʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʥʘʥʝʩʝʥʥʳʝ ʠʤʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʨʝʧʘʨʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ [ʂʝʥʠʷ ʠ ʩʦʘʚʪ., 1993].  

ɻʣʘʚʥʦʡ ʧʘʪʦʣʦʛʠʯʝʩʢʦʡ ʩʠʪʫʘʮʠʝʡ, ʩʚʷʟʘʥʥʦʡ ʩ ʫʯʘʩʪʠʝʤ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ, ʷʚʣʷʝʪʩʷ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ. 

 

1.1.2 ʆʙʱʘʷ ʧʘʪʦʬʠʟʠʦʣʦʛʠʷ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ 

ʆʢʠʩʣʠʪʝʣʴʥʳʤ (ʦʢʩʠʜʘʪʠʚʥʳʤ) ʩʪʨʝʩʩʦʤ ʥʘʟʳʚʘʶʪ ʷʚʣʝʥʠʝ, ʧʨʠ ʢʦʪʦʨʦʤ 

ʥʘʙʣʶʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝ ʙʘʣʘʥʩʘ ʤʝʞʜʫ ʦʙʨʘʟʦʚʘʥʠʝʤ ɸʌʂ ʠ ʨʘʙʦʪʦʡ ʪʢʘʥʝʚʳʭ ʠ 

ʢʣʝʪʦʯʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʠʩʪʝʤ [Sies, 1991]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ 

ʩʪʨʝʩʩ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʧʨʦʜʫʢʮʠʷ ɸʌʂ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʘʮʠʠ 

ɸʌʂ-ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʩʠʩʪʝʤ, ʣʠʙʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʢʣʝʪʢʠ ʢ 

ʠʭ ʥʝʡʪʨʘʣʠʟʘʮʠʠ [ʇʨʘʟʜʥʦʚʘ, 2013].  

ʋʨʦʚʝʥʴ ɸʌʂ, ʧʨʝʚʳʰʘʶʱʠʡ ʢʦʤʧʝʥʩʘʪʦʨʥʳʝ ʚʦʟʤʦʞʥʦʩʪʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʠʩʪʝʤ, ʚʳʟʳʚʘʝʪ ʩʝʨʴʸʟʥʳʝ ʥʘʨʫʰʝʥʠʷ ʚ ʩʪʨʫʢʪʫʨʝ ʠ ʬʫʥʢʮʠʷʭ 

ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ, ʧʦʩʢʦʣʴʢʫ ɸʌʂ ʩʧʦʩʦʙʥʳ ʚʳʟʳʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʷ ʚʘʞʥʝʡʰʠʭ 

ʙʠʦʤʦʣʝʢʫʣ. ʇʦʚʨʝʞʜʝʥʥʳʝ ʤʘʢʨʦʤʦʣʝʢʫʣʳ ʣʠʙʦ ʧʦʜʚʝʨʛʘʶʪʩʷ ʨʝʧʘʨʘʮʠʠ, ʣʠʙʦ 

ʫʥʠʯʪʦʞʘʶʪʩʷ, ʦʜʥʘʢʦ ʪʝʤʧʳ ʨʝʧʘʨʘʮʠʠ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʩʪʨʝʩʩʝ ʯʘʩʪʦ 

ʦʪʩʪʘʶʪ ʦʪ ʪʝʤʧʦʚ ʥʘʢʦʧʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ, ʚʩʣʝʜʩʪʚʠʝ ʯʝʛʦ ʚ ʦʨʛʘʥʠʟʤʝ 

ʥʘʢʘʧʣʠʚʘʶʪʩʷ ʧʦʚʨʝʞʜʝʥʥʳʝ ʤʦʣʝʢʫʣʳ [Grune et al., 1997; Molecular Biology of 

Free Radicalsé, 1998]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʠʣʳ ʩʪʨʝʩʩʘ, ʢʣʝʪʢʠ ʤʦʛʫʪ ʧʨʝʪʝʨʧʝʚʘʪʴ 

ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ (ʩ ʥʘʨʫʰʝʥʠʝʤ ʧʨʠ ʵʪʦʤ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ 

ʦʪʧʨʘʚʣʝʥʠʡ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ ʠ ʨʘʟʚʠʪʠʝʤ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʢʦʤʧʝʥʩʘʪʦʨʥʳʭ 

ʷʚʣʝʥʠʡ), ʧʦʛʠʙʥʫʪʴ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʧʦʧʪʦʟʘ, ʢʦʛʜʘ ʚʥʫʪʨʝʥʥʝʝ ʩʦʜʝʨʞʠʤʦʝ ʢʣʝʪʢʠ 

ʦʢʘʟʳʚʘʝʪʩʷ ʚʥʫʪʨʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʪʝʣʝʮ, ʢʦʪʦʨʳʝ ʫʜʘʣʷʶʪʩʷ ʬʘʛʦʮʠʪʘʤʠ ʙʝʟ 

ʧʦʚʨʝʞʜʝʥʠʷ ʦʢʨʫʞʘʶʱʝʡ ʪʢʘʥʠ ʠʣʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʝʢʨʦʟʘ, ʝʩʣʠ ʦʢʠʩʣʠʪʝʣʴʥʳʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʩʣʠʰʢʦʤ ʚʝʣʠʢʠ [ʃʦʛʠʥʦʚ, ʄʘʪʶʰʠʥ, 1991; ʇʨʦʩʢʫʨʷʢʦʚ ʠ ʩʦʘʚʪ., 

2002; ʄʘʥʩʢʠʭ, 2007]. ʇʨʠ ʥʝʢʨʦʟʝ ʢʣʝʪʦʯʥʘʷ ʤʝʤʙʨʘʥʘ ʥʘʨʫʰʘʝʪʩʷ ʠ ʩʦʜʝʨʞʠʤʦʝ 

ʢʣʝʪʢʠ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʚ ʦʢʨʫʞʘʶʱʫʶ ʩʨʝʜʫ, ʯʪʦ ʤʦʞʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʟʚʘʪʴ 
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ʘʣʴʪʝʨʘʮʠʶ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʜʘʞʝ ʘʫʪʦʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʥʘ 

ʦʢʨʫʞʘʶʱʠʝ ʢʣʝʪʢʠ ʠ ʪʢʘʥʠ [ʇʨʦʩʢʫʨʷʢʦʚ ʠ ʩʦʘʚʪ., 2005; ʄʘʥʩʢʠʭ, 2007]. ɺ 

ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʝʡ ʜʣʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʩʪʨʝʩʩʝ ʤʦʛʫʪ 

ʚʳʩʪʫʧʘʪʴ ʣʠʧʠʜʳ, ʙʝʣʢʠ ʠ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ. 

ɺ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ ʠʥʜʫʮʠʨʫʝʤʦʝ ɸʌʂ ʇʆʃ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ 

ʚ ʦʙʥʦʚʣʝʥʠʠ ʤʝʤʙʨʘʥ [ʇʨʘʟʜʥʦʚʘ, 2013]. ʆʜʥʘʢʦ, ʠʟʙʳʪʦʢ ʧʨʦʜʫʢʪʦʚ ʇʆʃ 

ʚʳʟʳʚʘʝʪ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ 

ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ, ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʠ ʥʝʢʨʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, 

ʦʢʠʩʣʝʥʠʝ ʬʦʩʬʦʣʠʧʠʜʦʚ ʚʝʜʝʪ ʢ ʠʟʤʝʥʝʥʠʶ ʘʜʝʢʚʘʪʥʦʡ ʫʧʘʢʦʚʢʠ ʢʣʝʪʦʯʥʳʭ 

ʤʝʤʙʨʘʥ, ʯʪʦ ʤʦʞʝʪ ʚʳʟʚʘʪʴ ʧʦʚʨʝʞʜʝʥʠʝ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ ʩ ʥʠʤʠ ʙʝʣʢʦʚ 

[Richter et al., 1987]. ʂʨʦʤʝ ʪʦʛʦ, ʇʆʃ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʧʦʚʨʝʞʜʝʥʠʶ 

ʢʣʝʪʦʯʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʘ ʪʘʢʞʝ ʥʝʢʪʦʨʳʭ ʩʚʷʟʘʥʥʳʭ ʩ ʤʝʤʙʨʘʥʦʡ ʬʝʨʤʝʥʪʦʚ, 

ʥʘʧʨʠʤʝʨ, Na+/K+-ɸʊʌʘʟ r [ɹʦʣʜʳʨʝʚ ʠ ʩʦʘʚʪ., 2001], ʢʦʪʦʨʦʡ ʧʨʠʥʘʜʣʝʞʠʪ 

ʢʣʶʯʝʚʘʷ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʚʦʜʥʦ-ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʢʣʝʪʢʠ ʠ ʥʘʨʫʰʝʥʠʝ 

ʨʘʙʦʪʳ ʢʦʪʦʨʦʡ ʚʝʜʝʪ ʢ ʨʘʟʚʠʪʠʶ ʙʘʣʣʦʥʥʦʡ ʜʠʩʪʨʦʬʠʠ [ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995]. ɺ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʡ ʤʦʛʫʪ ʧʦʚʨʝʞʜʘʪʴʩʷ 

ʢʘʢ ʬʝʨʤʝʥʪʳ ʤʘʪʨʠʢʩʘ, ʪʘʢ ʠ ʢʦʤʧʦʥʝʥʪʳ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ [ʇʨʘʟʜʥʦʚʘ, 2013]. 

ʇʦʚʨʝʞʜʝʥʥʳʝ ʤʝʤʙʨʘʥʳ ʫʪʨʘʯʠʚʘʶʪ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʧʦʪʝʥʮʠʘʣ ʠ 

ʠʟʙʠʨʘʪʝʣʴʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʯʪʦ ʨʝʘʣʠʟʫʝʪʩʷ ʚ ʧʘʜʝʥʠʠ ʩʠʥʪʝʟʘ ɸʊʌ 

(ʚʘʞʥʝʡʰʝʝ ʩʦʙʳʪʠʝ ʚ ʨʘʟʚʠʪʠʠ ʙʘʣʣʦʥʥʦʡ ʜʠʩʪʨʦʬʠʠ ʠ ʥʝʢʨʦʟʘ) ʠ 

ʚʳʩʚʦʙʦʞʜʝʥʠʠ ʠʟ ʤʠʪʦʭʦʥʜʨʠʠ ʬʘʢʪʦʨʦʚ, ʠʥʠʮʠʠʨʫʶʱʠʭ ʘʧʦʧʪʦʟ [ʇʘʣʴʮʝʚ, 

ɸʥʠʯʢʦʚ, 2003; ʄʘʥʩʢʠʭ ɺ.ʅ., 2007].  

ɺ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʧʨʦʮʝʩʩʳ ʥʝʨʝʛʫʣʠʨʫʝʤʦʡ 

ʤʦʜʠʬʠʢʘʮʠʠ ʙʝʣʢʦʚ ʜʦʩʪʠʛʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʨʦʚʥʷ ʠ ʧʨʠʚʦʜʷʪ, ʚ ʢʦʥʝʯʥʦʤ 

ʩʯʝʪʝ, ʢ ʫʪʨʘʪʝ ʠʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ, ʪʨʘʥʩʧʦʨʪʥʦʡ, 

ʨʝʮʝʧʪʦʨʥʦʡ ʠ ʜʨ.) [ɺʣʘʜʠʤʠʨʦʚ, 1998; ɿʝʥʢʦʚ ʠ ʩʦʘʚʪ., 2001]. ʇʨʠ ʪʷʞʝʣʦʤ 

ʦʢʩʠʜʘʥʪʥʦʤ ʩʪʨʝʩʩʝ ʠʥʘʢʪʠʚʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ ʬʝʨʤʝʥʪʳ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ  ʟʘʱʠʪʳ ʠ ʨʝʧʘʨʘʮʠʠ, ʯʪʦ ʜʝʣʘʝʪ ʨʘʟʚʠʪʠʝ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʤ, ʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ ï ʥʝʚʦʟʤʦʞʥʳʤ [ʇʨʘʟʜʥʦʚʘ, 2013]. 



21 
 

ʉʫʱʝʩʪʚʝʥʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʟʤʝʥʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʙʝʣʢʦʚ ʤʦʛʫʪ 

ʚʦʟʥʠʢʘʪʴ ʥʦʚʳʝ ʘʥʪʠʛʝʥʳ, ʯʪʦ ʩʧʦʩʦʙʥʦ ʩʧʨʦʚʦʮʠʨʦʚʘʪʴ ʘʫʪʦʠʤʤʫʥʥʳʡ ʦʪʚʝʪ 

[ʇʨʦʩʢʫʨʷʢʦʚ ʠ ʩʦʘʚʪ., 2005], ʦʩʦʙʝʥʥʦ ʚ ʩʣʫʯʘʝ ʛʠʙʝʣʠ ʧʦʚʨʝʞʜʝʥʥʳʭ ʢʣʝʪʦʢ 

ʥʝʢʨʦʪʠʯʝʩʢʠʤ ʧʫʪʝʤ. ʆʢʠʩʣʠʪʝʣʴʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʤʦʛʫʪ ʙʳʪʴ ʧʦʜʚʝʨʛʥʫʪʳ ʥʝ 

ʪʦʣʴʢʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, ʥʦ ʠ ʢʦʤʧʦʥʝʥʪʳ ʤʝʞʢʣʝʪʦʯʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʯʪʦ 

ʪʘʢʞʝ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʚ ʬʦʨʤʝ ʬʠʙʨʠʥʦʠʜʥʦʛʦ ʥʘʙʫʭʘʥʠʷ ʠ ʬʠʙʨʠʥʦʠʜʥʦʛʦ 

ʥʝʢʨʦʟʘ, ʘ ʚʧʦʩʣʝʜʩʪʚʠʠ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʨʘʟʚʠʪʠʷ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ, 

ʘʫʪʦʠʤʤʫʥʥʳʭ ʨʝʘʢʮʠʡ, ʬʠʙʨʦʟʘ ʠ ʛʠʘʣʠʥʦʟʘ [ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995].  

ʏʨʝʟʚʳʯʘʡʥʦ ʙʦʣʴʰʠʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʠʤʝʝʪ ʧʦʚʨʝʞʜʘʶʱʝʝ 

ʜʝʡʩʪʚʠʝ ɸʌʂ ʥʘ ɼʅʂ. ʄʦʣʝʢʫʣʘ ɼʅʂ ʤʦʞʝʪ ʧʦʚʨʝʞʜʘʪʴʩʷ ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ɸʌʂ, ʚ ʦʩʥʦʚʥʦʤ - ʛʠʜʨʦʢʩʠʜ-ʨʘʜʠʢʘʣʦʤ ʠ 

(ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ) ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥʦʤ ʢʠʩʣʦʨʦʜʘ [ɺʣʘʜʠʤʠʨʦʚ, 1998; ɿʝʥʢʦʚ ʠ 

ʩʦʘʚʪ., 2001]. ɻʠʜʨʦʢʩʠʜ-ʨʘʜʠʢʘʣ ʆʅ
.
 ʤʦʞʝʪ ʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʧʫʨʠʥʦʚʳʝ ʠ 

ʧʠʨʠʤʠʜʠʥʦʚʳʝ ʦʩʥʦʚʘʥʠʷ, ʘ ʪʘʢʞʝ ʥʘ ʦʩʪʘʪʢʠ ʨʠʙʦʟʳ ʠ ʜʝʟʦʢʩʠʨʠʙʦʟʳ [ɿʝʥʢʦʚ ʠ 

ʩʦʘʚʪ., 2001]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʷʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ɼʅʂ ʧʦʜʚʝʨʞʝʥʘ ʚʦʟʜʝʡʩʪʚʠʶ ɸʌʂ ʚ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ, ʯʝʤ 

ʷʜʝʨʥʘʷ [Finkel, Holbrook, 2000; Barja, Herrero, 2000]. ɺ ʯʠʩʣʝ ʧʨʠʯʠʥ ʵʪʠʭ 

ʨʘʟʣʠʯʠʡ ʫʢʘʟʳʚʘʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʬʘʢʪʦʨʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʤʠʪʦʭʦʥʜʨʠʷ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʩʪʦʤ ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ 

ɸʌʂ ʚ ʢʣʝʪʢʝ, ʠʤʝʝʪ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʳʝ ʩʠʩʪʝʤʳ ʨʝʧʘʨʘʮʠʠ ɼʅʂ, ʠ, ʢʨʦʤʝ ʪʦʛʦ, 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ɼʅʂ ʥʝ ʘʩʩʦʮʠʠʨʦʚʘʥʘ ʩ ʛʠʩʪʦʥʦʚʳʤʠ ʢʦʤʧʣʝʢʩʘʤʠ, ʢʦʪʦʨʳʝ 

ʤʦʛʣʠ ʙʳ ʦʙʝʩʧʝʯʠʪʴ ʝʡ ʜʦʧʦʣʥʠʪʝʣʴʥʫʶ ʟʘʱʠʪʫ [Dizdaroglu, 1985; Finkel, 

Holbrook, 2000; Barja, Herrero, 2000].  

ɸʌʂ ʩʧʦʩʦʙʥʳ ʧʦʚʨʝʞʜʘʪʴ ɼʅʂ ʥʝ ʪʦʣʴʢʦ ʟʘ ʩʯʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʥʦ ʠ ʧʨʠ ʧʦʩʨʝʜʩʪʚʝ ʛʝʥʦʪʦʢʩʠʯʥʳʭ ʧʨʦʜʫʢʪʦʚ ʧʝʨʝʢʠʩʥʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʙʝʣʢʦʚ, ʨʝʘʛʠʨʫʶʱʠʭ ʩ ɼʅʂ [Ames, 1989; Rodriguez et al., 

1995]. ʆʙʨʘʟʫʶʱʠʡʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʮʝʩʩʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʤʘʣʦʥʦʚʳʡ 

ʜʠʘʣʴʜʝʛʠʜ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʘʜʜʫʢʪʳ ʩ ʛʫʘʥʠʥʦʤ, ʘʜʝʥʠʥʦʤ ʠ ʮʠʪʦʟʠʥʦʤ, 

ʧʨʠʯʝʤ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʠʝ ʘʜʜʫʢʪʳ ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ ʪʨʘʥʟʠʮʠʡ ʠ 

ʪʨʘʥʩʚʝʨʩʠʡ [Dedon et al., 1998]. ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʠʟʙʳʪʦʯʥʘʷ ʛʝʥʝʨʘʮʠʷ 
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ɸʌʂ ʠ ʥʘʢʦʧʣʝʥʠʝ ʧʨʦʜʫʢʪʦʚ ʇʆʃ ʤʦʛʫʪ ʥʝ ʪʦʣʴʢʦ ʚʳʟʳʚʘʪʴ ʤʫʪʘʮʠʠ, ʥʦ 

ʫʩʠʣʠʚʘʪʴ ʵʬʬʝʢʪ ʜʨʫʛʠʭ ʤʫʪʘʛʝʥʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʭʠʤʠʯʝʩʢʠʭ [Guetens et al., 

2002; Blokhina et al., 2003]. ʇʦʚʨʝʞʜʝʥʠʝ ɼʅʂ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʩʪʨʝʩʩʝ 

ʧʨʦʠʩʭʦʜʠʪ ʪʘʢʞʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʜʝʡʩʪʚʠʷ ʥʫʢʣʝʘʟ, ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ʧʨʠ 

ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ ʭʦʜʝ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ [Cadenas, 2000]. ɺ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʚʩʝ ʵʪʠ ʤʝʭʘʥʠʟʤʳ 

ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʛʝʥʦʪʦʢʩʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʚ ʚʠʜʝ ʥʘʨʫʰʝʥʠʡ ʮʝʣʦʩʪʥʦʩʪʠ 

ʤʦʣʝʢʫʣ ɼʅʂ, ʛʝʥʥʳʭ ʤʫʪʘʮʠʡ ʠ ʭʨʦʤʦʩʦʤʥʳʭ ʧʝʨʝʩʪʨʦʝʢ [ɼʫʨʥʝʚ, ʉʝʨʝʜʝʥʠʥ, 

1999, ʀʣʴʠʥʩʢʠʭ ʠ ʩʦʘʚʪ., 2011].  ʉʧʝʢʪʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʦʩʣʝʜʩʪʚʠʡ ʪʘʢʠʭ 

ʠʟʤʝʥʝʥʠʡ ʢʨʘʡʥʝ ʰʠʨʦʢ ï ʦʪ ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʩ ʥʝʨʝʧʘʨʠʨʦʚʘʥʥʳʤʠ ʨʘʟʨʳʚʘʤʠ 

ɼʅʂ ʟʘ ʩʯʝʪ ʘʢʪʠʚʥʦʩʪʠ ʙʝʣʢʘ ʨ53 ʠ ʘʧʦʧʪʦʟʘ ʠʣʠ ʫʭʦʜʘ ʚ ʩʝʥʝʩʝʥʩ ï ʜʦ 

ʧʦʷʚʣʝʥʠʷ ʚ ʪʢʘʥʷʭ ʢʣʝʪʦʯʥʳʭ ʢʣʦʥʦʚ ʩ ʠʟʤʝʥʝʥʥʳʤʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʤʠ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʥʝʦʧʫʭʦʣʝʚʦʡ ʥʝʦʧʣʘʟʠʠ), ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʩʧʦʩʦʙʥʳʭ ʜʘʪʴ ʥʘʯʘʣʦ ʨʘʟʚʠʪʠʶ ʦʧʫʭʦʣʝʡ (ʦʧʫʭʦʣʝʚʘʷ ʥʝʦʧʣʘʟʠʷ) [ʇʘʣʴʮʝʚ, 

ɸʥʠʯʢʦʚ, 2003; ɸʥʠʩʠʤʦʚ, 2008; ʀʣʴʠʥʩʢʠʭ ʠ ʩʦʘʚʪ., 2011]. ʀʩʭʦʜʷ ʠʟ ʩʢʘʟʘʥʥʦʛʦ, 

ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʚʠʜʥʳʤ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʤʥʦʛʦʦʙʨʘʟʠʝ ʬʦʨʤ ɸʌʂ, ʧʨʦʮʝʩʩʦʚ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʠ ʙʠʦʤʦʣʝʢʫʣ-ʤʠʰʝʥʝʡ, ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʥʦʪʠʧʥʫʶ ʦʙʱʫʶ ʩʠʩʪʝʤʥʫʶ ʦʪʚʝʪʥʫʶ ʨʝʘʢʮʠʶ ʦʨʛʘʥʠʟʤʘ 

ʥʘ ʜʝʡʩʪʚʠʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʪʨʝʩʩʦʨʦʚ, ʪ.ʝ. ʠʤʝʝʪ ʥʝʩʧʝʮʠʬʠʯʝʩʢʠʡ ʭʘʨʘʢʪʝʨ 

(ʉʦʢʦʣʦʚʩʢʠʡ, 2008) ʠ ʧʦʪʝʥʮʠʘʣʴʥʦ ʤʦʞʝʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʥʘ ʢʣʝʪʦʯʥʦʤ ʠ 

ʪʢʘʥʝʚʦʤ ʫʨʦʚʥʝ ʚ ʬʦʨʤʝ ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʦʛʦ ʠʟ ʠʟʚʝʩʪʥʳʭ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ï ʦʪ ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʜʦ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ ʚʢʣʶʯʠʪʝʣʴʥʦ 

[ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2003].  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ ʦʙ ʠʟʤʝʥʝʥʠʷʭ, 

ʚʦʟʥʠʢʘʶʱʠʭ ʚ ʞʠʚʳʭ ʩʠʩʪʝʤʘʭ ʧʨʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʩʪʨʝʩʩʝ. ʀʩʪʦʯʥʠʢʘʤʠ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʤʦʛʫʪ ʙʳʪʴ ʵʢʟʦʛʝʥʥʳʝ ʭʠʤʠʯʝʩʢʠʝ ʠʣʠ ʬʠʟʠʯʝʩʢʠʝ 

ʘʛʝʥʪʳ, ʧʨʷʤʦ ʠʣʠ ʢʦʩʚʝʥʥʦ ʫʚʝʣʠʯʠʚʘʶʱʠʝ ʛʝʥʝʨʘʮʠʶ ɸʌʂ ï ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʧʨʦʦʢʩʠʜʘʥʪʳ, ʘ ʪʘʢʞʝ ʨʘʟʣʠʯʥʳʝ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ, ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ 

ʦʢʩʠʜʘʟʘʤʠ ʚ ʮʠʪʦʟʦʣʝ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤʠ  ʜʳʭʘʪʝʣʴʥʳʤʠ ʩʠʩʪʝʤʘʤʠ 

[Halliwell, Gutteridge, 1984; Katz, 1986; Halliwell, 1987; Halliwell, 1989; Halliwell, 
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Gutteridge, 1990; Aruoma et al., 1991; Martínez-Cayuela, 1995; Storz, Imlay, 1999; 

ɿʝʥʢʦʚ ʠ ʩʦʘʚʪ., 2001; Pomposiello, Demple, 2002; ʄʝʥʴʰʠʢʦʚʘ ʠ ʩʦʘʚʪ., 2006]. 

ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʠʤʝʥʥʦ ʤʠʪʦʭʦʥʜʨʠʠ ʛʝʥʝʨʠʨʫʶʪ ʦʩʥʦʚʥʦʡ ʧʫʣ 

ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʢʘʢ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʪʘʢ ʠ ʧʨʠ ʤʥʦʛʠʭ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, ʠ ʧʦʩʣʫʞʠʣʠ ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʭ ʩʦʝʜʠʥʝʥʠʡ.  

 

1.2  ɼʘʥʥʳʝ ʦ ʨʦʣʠ ʤʠʪʦʭʦʥʜʨʠʡ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ɸʌʂ ʚ ʢʣʝʪʢʝ 

1.2.1 ɻʝʥʝʨʘʮʠʷ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥ ʨʘʜʠʢʘʣʘ (O2
Å -

) 

ʄʥʦʛʠʤʠ ʘʚʪʦʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʠ ʩʯʠʪʘʶʪʩʷ ʚʘʞʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ɸʌʂ  ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʢʣʝʪʦʢ ʤʣʝʢʦʧʠʪʘʶʱʠʭ [Chance et al., 1979; Nohl, 1981; Cadenas, 

Davies, 2000; Raha, Robinson, 2000; Muller, 2000; Turrens, 2003; Andreyev et al., 

2005; Balaban et al., 2005; Adam-Vizi , Chinopoulos, 2006; Murphy, 2009]. ʕʪʘ 

ʧʨʦʜʫʢʮʠʷ ɸʌʂ, ʢʦʪʦʨʘʷ, ʢʘʢ ʧʦʣʘʛʘʶʪ, ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ 

ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʜʠʩʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ ʙʦʣʴʰʦʤ ʩʧʝʢʪʨʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ; ʢʨʦʤʝ ʪʦʛʦ, ɸʌʂ ʦʙʣʘʜʘʶʪ ʤʦʱʥʳʤ ʨʝʛʫʣʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʥʘ 

ʮʝʣʳʡ ʨʷʜ ʩʠʛʥʘʣʴʥʳʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʧʫʪʝʡ, ʪʨʘʥʩʣʠʨʫʶʱʠʭ ʠʟʤʝʥʝʥʠʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʥʘ ʫʨʦʚʝʥʴ ʦʙʱʠʭ 

ʢʣʝʪʦʯʥʳʭ ʨʝʘʢʮʠʡ [Drogue, 2002; Balaban et al., 2005]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʥʘʥʠʝ 

ʪʦʛʦ, ʢʘʢ ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʦʠʟʚʦʜʷʪ ɸʌʂ ʩʦʚʝʨʰʝʥʥʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʧʦʥʠʤʘʥʠʷ 

ʧʘʪʦʛʝʥʝʟʘ ʠ ʧʦʠʩʢʘ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʪʘʨʛʝʪʠʨʦʚʘʥʥʳʭ 

ʚʦʟʜʝʡʩʪʚʠʡ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʙʦʣʝʟʥʝʡ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ. 

ʇʝʨʚʦʝ ʩʦʦʙʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ ʜʳʭʘʪʝʣʴʥʘʷ ʮʝʧ ʩʧʦʩʦʙʥʘ ʛʝʥʝʨʠʨʦʚʘʪʴ ɸʌʂ, 

ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʚ 1966 ʛʦʜʫ [Jensen, 1966], ʘ ʟʘʪʝʤ ʚ ʧʠʦʥʝʨʩʢʠʭ ʨʘʙʦʪʘʭ ɹ. 

ʏʘʥʩʘ ʠ ʩʦʘʚʪʦʨʦʚ ʙʳʣʦ ʪʚʝʨʜʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ 

ʪʘʢʞʝ ʧʨʦʠʟʚʦʜʷʪ ʅ2ʆ2 [Chance et al., 1979; Loschen et al., 1971; Boveris, Chance, 

1973]. ɺ ʜʘʣʴʥʝʡʰʝʤ ʚʳʷʩʥʠʣʦʩʴ, ʯʪʦ ʵʪʦʪ ʅ2ʆ2 ʦʙʨʘʟʦʚʘʣʩʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʜʠʩʤʫʪʘʮʠʠ ʩʫʧʝʨʦʢʩʠʜʘ (ʆ2
Å -

) ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʴʶ 

[Loschen et al., 1974; Forman, Kennedy, 1974].  ʆʜʥʦʚʨʝʤʝʥʥʦʝ ʦʪʢʨʳʪʠʝ 

ʩʦʙʩʪʚʝʥʥʦʡ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ ʤʠʪʦʭʦʥʜʨʠʡ (MnSOD) ʩʪʘʣʦ ʚʝʩʢʠʤ 
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ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʙʦʣʴʰʦʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʟʥʘʯʝʥʠʷ  ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 

ʧʨʦʜʫʢʮʠʠ O2
Å -

 [Weisiger, Fridovich, 1973]. ʉ ʵʪʦʛʦ ʠ ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ 

ʥʘʢʦʧʠʣʘʩʴ ʙʦʣʴʰʘʷ ʠ ʪʨʫʜʥʦʦʙʦʟʨʠʤʘʷ ʣʠʪʝʨʘʪʫʨʘ, ʧʦʩʚʷʱʝʥʥʘʷ ʤʦʣʝʢʫʣʷʨʥʳʤ 

ʤʝʭʘʥʠʟʤʘʤ ʛʝʥʝʨʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ɸʌʂ. ɺ ʮʝʣʦʤ, ʩʫʱʝʩʪʚʫʝʪ ʜʚʘ 

ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʘ ɸʌʂ, ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʷʭ (ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ, ʥʦ ʥʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʥʘ ʢʦʤʧʣʝʢʩʝ I): 

ʦʙʨʘʪʥʳʡ ʧʝʨʝʥʦʩ ʵʣʝʢʪʨʦʥʦʚ, ʢʦʛʜʘ ʟʥʘʯʝʥʠʝ ȹp ʚʳʩʦʢʦʝ, ʘ ʧʫʣ CoQ ʠʩʪʦʱʘʝʪʩʷ, 

ʠ ʬʣʘʚʠʥʤʦʥʦʥʫʢʣʝʦʪʠʜ, ʢʦʛʜʘ ʠʤʝʝʪ ʤʝʩʪʦ ʚʳʩʦʢʦʝ ʟʥʘʯʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʅɸɼ-

ʅ/ʅɸɼ
+
. ʉʣʝʜʫʝʪ, ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʢʦʛʜʘ ʤʠʪʦʭʦʥʜʨʠʠ ʘʢʪʠʚʥʦ 

ʩʠʥʪʝʟʠʨʫʶʪ ɸʊʌ, ʩʢʦʨʦʩʪʴ ʧʨʦʠʟʚʦʜʩʪʚʘ O2
Å-
 ʦʯʝʥʴ ʥʠʟʢʘ, ʘ ʩʘʡʪ, ʛʜʝ ʦʙʨʘʟʫʶʪʩʷ 

ɸʌʂ, ʥʝʦʧʨʝʜʝʣʝʥʥʳʤ. ʆʩʥʦʚʥʦʝ (ʦʢʦʣʦ 80%) ʢʦʣʠʯʝʩʪʚʦ ʩʫʧʝʨʦʢʩʠʜ-ʘʥʠʦʥʘ 

ʦʙʨʘʟʫʝʪʩʷ ʧʨʠ ʧʦʪʝʨʝ ʵʣʝʢʪʨʦʥʦʚ ʵʣʝʢʪʨʦʥʥʦ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʴʶ ʤʠʪʦʭʦʥʜʨʠʡ 

[Halliwell, 1981]. ʊʘʢʦʚʘʷ ʧʦʪʝʨʷ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ ʧʝʨʝʜʘʯʝ ʵʣʝʢʪʨʦʥʦʚ ʚ 

ʢʦʤʧʣʝʢʩʝ ʅɸɼ(ʌ)-ʅ-ʢʦʬʝʨʤʝʥʪ Q-ʨʝʜʫʢʪʘʟʘ ʠ ʩʦʩʪʘʚʣʷʝʪ ʦʙʳʯʥʦ 1 ï 4 % ʦʪ 

ʦʙʱʝʛʦ ʧʦʪʦʢʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʮʝʧʠ [ʊʝʨʝʰʠʥʘ, 2005].  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ 

ʦʙʟʦʨʥʳʭ ʨʘʙʦʪ ʫʜʝʣʷʝʪʩʷ ʧʨʦʜʫʢʮʠʠ ʪʘʢ ʥʘʟʳʚʘʝʤʦʡ ʧʨʦʢʩʠʤʘʣʴʥʦʡ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʬʦʨʤʝ ɸʌʂ ï O2
Å -

, ʢʦʪʦʨʘʷ ʦʙʨʘʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʰʠʥʝʨʠʠ, ʨʘʩʧʦʣʦʞʝʥʥʦʡ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʝ ʠ ʚ ʤʘʪʨʠʢʩʝ ʤʠʪʦʭʦʥʜʨʠʡ 

[Murphy, 2009], ʭʦʪʷ ʝʩʪʴ ʠ ʜʨʫʛʠʝ  ʧʦʪʝʥʮʠʘʣʴʥʦ ʚʘʞʥʳʝ ʠʩʪʦʯʥʠʢʠ ɸʌʂ, 

ʩʚʷʟʘʥʥʳʝ ʩ ʥʘʨʫʞʥʦʡ ʤʝʤʙʨʘʥʦʡ ʠ ʤʝʞʤʝʤʙʨʘʥʥʳʤ ʧʨʦʩʪʨʘʥʩʪʚʦʤ [Cadenas, 

Davies, 2000; Andreyev et al., 2005]. ʕʪʦ ʦʩʦʙʦʝ ʚʥʠʤʘʥʠʝ ʢ ʧʨʦʢʩʠʤʘʣʴʥʳʤ ɸʌʂ 

ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʠʤʝʥʥʦ ʠʭ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʷʚʣʷʝʪʩʷ ʛʣʘʚʥʦʡ ʤʠʰʝʥʴʶ ʜʣʷ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʠ ʠʤʝʥʥʦ ʥʘ ʨʝʜʫʢʮʠʶ 

ʧʨʦʠʟʚʦʜʩʪʚʘ O2
Å -

 ʚʦʟʣʘʛʘʶʪʩʷ ʥʘʠʙʦʣʴʰʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʥʘʜʝʞʜʳ. ʆʜʥʘʢʦ, ʩ 

ʵʪʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʚʘʞʝʥ ʥʝ ʪʦʣʴʢʦ ʤʝʭʘʥʠʟʤ, ʥʦ ʠ ʫʨʦʚʝʥʴ ʧʨʦʜʫʢʮʠʠ ɸʌʂ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʚ ʨʘʟʥʳʭ ʩʠʪʫʘʮʠʷʭ. 
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1.2.2 ʋʨʦʚʝʥʴ ʧʨʦʜʫʢʮʠʠ ɸʌʂ (O2
Å-
 ) ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʞʠʚʦʪʥʳʭ ʪʢʘʥʝʡ in 

vivo 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʦʛʦ, ʢʘʢʦʝ ʟʥʘʯʝʥʠʝ  ʠʤʝʝʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ 

O2
Å-
 ʜʣʷ ʨʘʟʚʠʪʠʷ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʘʢʪʠʚʘʮʠʠ ʩʚʷʟʘʥʥʳʭ ʩ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʤʠ ʨʝʘʢʮʠʷʤʠ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʥʝʦʙʭʦʜʠʤʦ 

ʟʥʘʪʴ, ʩʢʦʣʴʢʦ O2
Å -

 ʛʝʥʝʨʠʨʫʝʪʩʷ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. 

ʅʘʠʙʦʣʴʰʠʡ ʪʝʤʧ ʧʨʦʠʟʚʦʜʩʪʚʘ H2O2 ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʤʠʪʦʭʦʥʜʨʠʷʤʠ 

ʧʨʦʠʩʭʦʜʠʪ ʚ ʪʘʢ ʥʘʟʳʚʘʝʤʦʤ çʩʦʩʪʦʷʥʠʠ 2è, ʢʦʛʜʘ ʦʥʠ ʠʤʝʶʪ ʚʳʩʦʢʫʶ ȹp, 

ʫʤʝʥʴʰʝʥʥʳʡ ʧʫʣ CoQ ʠ ʥʝ ʧʨʦʠʟʚʦʜʷʪ ɸʊʌ [Murphy, 2009]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ 

ʛʝʥʝʨʘʮʠʷ ɸʌʂ ʠʜʝʪ ʚ ʦʩʥʦʚʥʦʤ ʟʘ ʩʯʝʪ ʦʙʨʘʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ  ʥʘ 

ʢʦʤʧʣʝʢʩʝ I, ʠ ʦʢʦʣʦ 1-2% ʦʪ O2 ʧʦʪʨʝʙʣʷʝʤʦʛʦ ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʤʠʪʦʭʦʥʜʨʠʷʤʠ 

ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʧʨʝʦʙʨʘʟʫʝʪʩʷ ʚ O2
Å -

 [Andreyev et al., 2005; Chance et al., 1979; 

Kudin et al., 2004].  ʉ ʪʦʛʦ ʚʨʝʤʝʥʠ, ʢʘʢ ʵʪʘ ʦʮʝʥʢʘ ʙʳʣʘ ʦʧʫʙʣʠʢʦʚʘʥʘ ɹ. ʏʘʥʩʦʤ ʠ 

ʩʦʘʚʪʦʨʘʤʠ [Chance et al., 1979; Boveris, Chance, 1973], ʦʥʘ ʧʦʣʫʯʠʣʘ ʦʯʝʥʴ 

ʰʠʨʦʢʦʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʚ ʣʠʪʝʨʘʪʫʨʝ ʠ ʯʘʩʪʦ ʦʰʠʙʦʯʥʦ ʧʨʠʚʦʜʠʪʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʢʘʢ ʧʦʢʘʟʘʪʝʣʴ ʪʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʢʠʩʣʦʨʦʜʘ, ʢʦʪʦʨʳʡ ʧʨʝʦʙʨʘʟʫʝʪʩʷ  ʚ ʩʫʧʝʨʦʢʩʠʜ ʚ 

ʫʩʣʦʚʠʷʭ in vivo, ʭʦʪʷ ʜʘʞʝ ʚ ʦʨʠʛʠʥʘʣʴʥʦʡ ʧʫʙʣʠʢʘʮʠʠ ʧʦʜʯʝʨʢʠʚʘʝʪʩʷ, ʯʪʦ 

ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʥʪʝʨʧʨʝʪʠʨʦʚʘʪʴ ʪʦʣʴʢʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʩʣʦʚʠʡ 

ʢʦʥʢʨʝʪʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ [Boveris, Chance, 1973]. ʇʨʷʤʘʷ ʵʢʩʪʨʘʧʦʣʷʮʠʷ ʜʘʥʥʳʭ, 

ʧʦʣʫʯʝʥʥʳʭ in vitro, ʥʘ ʝʩʪʝʩʪʚʝʥʥʳʝ ʫʩʣʦʚʠʷ in vivo ʦʢʘʟʳʚʘʝʪʩʷ ʥʝʚʦʟʤʦʞʥʦʡ ʧʦ 

ʥʝʩʢʦʣʴʢʠʤ ʧʨʠʯʠʥʘʤ. ɺʦ-ʧʝʨʚʳʭ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ O2
Å
- ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʧʨʦʠʩʭʦʜʠʪ ʚʦ ʚʨʝʤʷ ʦʙʨʘʪʥʦʛʦ ʧʝʨʝʥʦʩʘ ʵʣʝʢʪʨʦʥʦʚ ʚ ʫʩʣʦʚʠʷʭ 

ʥʘʩrɦ ʝʥʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʩʫʙʩʪʨʘʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʩʫʢʮʠʥʘʪ, ʫʨʦʚʥʠ ʢʦʪʦʨʳʭ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʥʘʤʥʦʛʦ ʥʠʞʝ. ɺʦ-ʚʪʦʨʳʭ, ʠʟʤʝʨʝʥʠʷ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʚʳʧʦʣʥʷʶʪʩʷ, ʢʘʢ ʧʨʘʚʠʣʦ, ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʵʨʠʨʦʚʘʥʥʦʡ ʜʦ 

ʥʘʩʳʱʝʥʠʷ ʚʦʟʜʫʭʦʤ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ ~ 200 ʤʢʤʦʣʴ ʆ2. ʇʦʩʢʦʣʴʢʫ  

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ O2
Å -
, ʚʝʨʦʷʪʥʦ, ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ O2, 

ʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ O2 ʚʦʢʨʫʛ ʤʠʪʦʭʦʥʜʨʠʡ ʩʦʩʪʘʚʣʷʝʪ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ 

10-50 ʤʢʄ, ʛʝʥʝʨʘʮʠʷ O2 
Å -

 in vivo  ʤʦʞʝʪ ʙʳʪʴ ʚ 5-10 ʨʘʟ ʥʠʞʝ, ʯʝʤ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʷʭ ʚ ʪʦʤ ʞʝ ʩʦʩʪʦʷʥʠʠ. ʊʨʝʪʠʡ ʠ ʩʘʤʳʡ ʚʘʞʥʳʡ 
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ʬʘʢʪʦʨ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʵʢʩʪʨʘʧʦʣʷʮʠʶ ʨʝʟʫʣʴʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ in vitro ʥʘ 

ʧʨʦʜʫʢʮʠʶ O2
Å
- ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʚ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʠʪʫʘʮʠʡ in vivo, ʚʝʨʦʷʪʥʦ, ʙʫʜʫʪ ʧʨʦʠʟʚʦʜʠʪʴ ɸʊʌ ʠ ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʙʫʜʝʪ ʥʘʭʦʜʠʪʴʩʷ ʚ çʩʦʩʪʦʷʥʠʠ 3è ʩ ʧʦʥʠʞʝʥʥʳʤ ȹp ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʦʢʠʩʣʝʥʥʳʤ ʧʫʣʦʤ ʅɸɼ-ʅ ʠ CoQ [Murphy, 2009]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʪʝʤʧʳ 

ʛʝʥʝʨʘʮʠʠ ʠʤʠ H2O2 ʷʚʣʷʶʪʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʩʦʩʪʦʷʥʠʷʤʠ 1 

ʠʣʠ 2. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʫʨʦʚʥʠ ʧʨʦʜʫʢʮʠʠ O2
Å -

 ʚ 0,12-2% ʦʪ ʧʦʪʨʝʙʣʝʥʥʦʛʦ ʧʨʠ 

ʜʳʭʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʤʠʪʦʭʦʥʜʨʠʷʤʠ in vitro ʥʝ ʤʦʛʫʪ ʙʳʪʴ ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʥʳ ʥʘ 

ʩʠʪʫʘʮʠʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʛʜʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʛʝʥʝʨʘʮʠʷ O2
Å-
 a priori  

ʜʦʣʞʥʘ ʙʳʪʴ ʚʦ ʤʥʦʛʦ ʨʘʟ ʥʠʞʝ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʥʝʢʦʪʦʨʳʝ ʘʚʪʦʨʳ ʫʢʘʟʳʚʘʶʪ ʥʘ 

ʥʝʚʦʟʤʦʞʥʦʩʪʴ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʘʞʝ ʛʨʫʙʦ ʦʮʝʥʠʪʴ, ʢʘʢʦʝ ʢʦʣʠʯʝʩʪʚʦ  O2
Å-
 

ʧʨʦʠʟʚʦʜʠʪʩʷ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʟ-ʟʘ 

ʥʝʜʦʩʪʘʪʢʘ ʟʥʘʥʠʡ ʦ ʙʘʟʦʚʦʤ ʨʝʞʠʤʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ in vivo 

[Murphy, 2009]. ɼʦʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩ ʫʤʝʥʴʰʝʥʥʳʤ ʧʫʣʦʤ ʅɸɼ-ʅ ʠ ʦʙʨʘʪʥʳʤ 

ʧʝʨʝʥʦʩʦʤ ʵʣʝʢʪʨʦʥʦʚ ʚ ʨʘʟʥʳʭ ʢʣʝʪʢʘʭ ʪʘʢʞʝ ʥʝʠʟʚʝʩʪʥʘ. ɽʩʣʠ ʤʠʪʦʭʦʥʜʨʠʠ ʚ 

ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʧʨʦʚʦʜʷʪ ʙʦʣʴʰʫʶ ʯʘʩʪʴ ʩʚʦʝʛʦ ʚʨʝʤʝʥʠ ʚ ʨʝʞʠʤʝ 

ʙʣʠʟʢʦʤ ʢ çʩʦʩʪʦʷʥʠʶ 3è (ʵʪʦ ʩʯʠʪʘʝʪʩʷ ʩʘʤʳʤ ʚʝʨʦʷʪʥʳʤ), ʪʦ ʦʮʝʥʢʘ ʧʨʦʜʫʢʮʠʠ 

O2
Å -

 ʚ ʤʘʪʨʠʢʩʝ, ʠʩʭʦʜʷ ʠʟ ʜʘʥʥʳʭ ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʩʪʘʥʦʚʠʪʩʷ 

ʩʦʚʝʨʰʝʥʥʦ ʥʝʜʦʩʪʦʚʝʨʥʦʡ [Murphy, 2009]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʭʦʪʷ ʠʤʝʝʪʩʷ 

ʩʝʨʴʝʟʥʦʝ ʢʦʩʚʝʥʥʦʝ ʩʚʠʜʝʪʝʣʴʩʪʚʦ ʦʪʥʦʩʠʪʝʣʴʥʦ ʦʙʨʘʟʦʚʘʥʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʦʛʦ ʫʨʦʚʥʷ ɸʌʂ ʚ ʬʦʨʤʝ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ 

ʢʦʤʧʦʥʝʥʪʦʚ ʵʪʠʭ ʦʨʛʘʥʝʣʣ, ʜʘʪʴ ʪʦʯʥʫʶ ʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʫʨʦʚʥʶ 

ʛʝʥʝʨʘʮʠʠ O2
Å -  

ʚ ʚʠʜʝ ʜʦʣʠ ʦʪ ʧʦʪʨʝʙʣʝʥʥʦʛʦ ʧʨʠ ʜʳʭʘʥʠʠ ʢʠʩʣʦʨʦʜʘ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʚʥʫʪʨʠ ʢʣʝʪʦʢ ʧʦʢʘ ʥʝ ʧʨʝʜʩʪʘʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʳʤ.  

ɽʩʣʠ ʦʮʝʥʢʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʧʨʦʜʫʢʮʠʠ O2
Å-
 ʦʪ ʢʦʣʠʯʝʩʪʚʘ 

ʧʦʪʨʝʙʣʝʥʥʦʛʦ ʢʠʩʣʦʨʦʜʘ ʥʝʚʦʟʤʦʞʥʘ, ʪʦ ʤʦʞʥʦ ʣʠ ʦʮʝʥʠʪʴ ʛʝʥʝʨʘʮʠʶ ɸʌʂ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʢʘʢʠʤ-ʣʠʙʦ ʜʨʫʛʠʤ ʧʫʪʝʤ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʜʘʥʥʳʭ in vitro? 

ʄʘʢʩʠʤʘʣʴʥʦ ʚʦʟʤʦʞʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ʆ2
Å -

 ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ ʜʦʣʞʥʦ 

ʙʳʪʴ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʦ ʩʦʜʝʨʞʘʥʠʶ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʜʳʭʘʪʝʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ 

(ʪʘʢʠʭ ʢʘʢ ʢʦʤʧʣʝʢʩ I), ʠ ʢʦʨʨʝʣʠʨʦʚʘʪʴ ʩ ʤʘʢʩʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʴʶ ʜʳʭʘʥʠʷ. ʊʝʤ 
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ʥʝ ʤʝʥʝʝ, ʬʘʢʪʠʯʝʩʢʠʡ ʫʨʦʚʝʥʴ ʧʨʦʜʫʢʮʠʠ  ʆ2
Å -

  ʥʘʩʪʦʣʴʢʦ ʪʝʩʥʦ ʟʘʚʠʩʠʪ ʦʪ ʪʘʢʠʭ 

ʬʘʢʪʦʨʦʚ, ʢʘʢ ȹp ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʅɸɼ-ʅ / ʅɸɼ
+
 (ʢʦʪʦʨʳʝ ʧʦʜʚʝʨʞʝʥʳ ʟʘʤʝʪʥʳʤ 

ʢʦʣʝʙʘʥʠʷʤ in vivo), ʯʪʦ ʩʦʚʝʨʰʝʥʥʦ ʥʝʚʦʟʤʦʞʥʦ ʩʢʘʟʘʪʴ, ʥʘʩʢʦʣʴʢʦ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʤʠʪʦʭʦʥʜʨʠʷʤʠ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʞʠʚʦʪʥʳʭ ʨʘʟʥʦʛʦ ʚʦʟʨʘʩʪʘ ʠʣʠ 

ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ, ʠʤʝʶʪ ʦʪʥʦʰʝʥʠʝ ʢ ʩʠʪʫʘʮʠʠ ʚ ʞʠʚʦʡ ʢʣʝʪʢʝ [Murphy, 

2009]. ʄʦʞʥʦ ʣʠ ʚʳʧʦʣʥʠʪʴ ʪʘʢʫʶ ʦʮʝʥʢʫ ʧʫʪʝʤ ʧʨʷʤʦʛʦ ʠʟʤʝʨʝʥʠʷ ʫʨʦʚʥʷ ɸʌʂ 

ʚ ʪʢʘʥʷʭ? ʂ ʩʦʞʘʣʝʥʠʶ, ʧʦʢʘ ʥʝ ʩʫʱʝʩʪʚʫʝʪ ʢʦʨʨʝʢʪʥʳʭ ʤʝʪʦʜʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ 

ʧʦ ʪʘʢʠʤ ʨʝʟʫʣʴʪʘʪʘʤ ʜʘʞʝ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʮʝʥʠʪʴ ʫʨʦʚʝʥʴ 

ʛʝʥʝʨʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʷʤʠ O2
Å-
 ʚ ʝʩʪʝʩʪʚʝʥʥʳʭ ʫʩʣʦʚʠʷʭ. ʂʣʘʩʩʠʯʝʩʢʘʷ ʦʮʝʥʢʘ 

ʧʨʦʠʟʚʦʜʩʪʚʘ H2O2 ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʜʣʷ ʧʝʨʬʫʟʠʨʦʚʘʥʥʦʡ ʧʝʯʝʥʠ, ʛʜʝ 

ʧʨʦʠʟʚʦʜʩʪʚʦ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ ʚ ʮʝʣʦʤ ʦʨʛʘʥʝ ʠʟʤʝʨʷʣʠ ʧʦ ʠʟʤʝʥʝʥʠʷʤ 

çʢʘʪʘʣʘʟʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ Iè [Oshino et al., 1975]. ɺ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ 

ʫʩʪʘʥʦʚʣʝʥʘ ʩʢʦʨʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ ʚ 80 ʥʤʦʣʴ/ʤʠʥ. H2O2 ʥʘ ʛʨʘʤʤ 

ʩʳʨʦʛʦ ʚʝʩʘ ʪʢʘʥʠ [Palacios-Callender et al., 2004], ʧʨʠʯʝʤ ʦʢʦʣʦ 12 ʥʤʦʣʴ/ʤʠʥ 

H2O2 ʥʘ ʛ ʩʳʨʦʛʦ ʚʝʩʘ ʧʦʣʫʯʘʣʦʩʴ ʧʨʠ ʧʝʨʝʩʯʝʪʝ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘ ʯʠʩʪʳʝ 

ʤʠʪʦʭʦʥʜʨʠʠ [Boveris et al., 1972]. ʆʜʥʘʢʦ ʜʘʞʝ ʚ ʵʪʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʳ ʟʘʢʣʶʯʠʣʠ, 

ʯʪʦ ʧʨʦʜʫʢʮʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʅ2ʆ2 ʚ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʙʳʣʘ 

ʪʘʢʦʡ ʞʝ, ʢʘʢ ʜʣʷ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ, ʧʦʪʨʝʙʣʷʶʱʠʭ ʩʫʢʮʠʥʘʪ ʠ 

ʛʝʥʝʨʠʨʫʶʱʠʭ H2O2 ʧʨʠ ʦʙʨʘʪʥʦʤ ʧʝʨʝʥʦʩʝ ʵʣʝʢʪʨʦʥʦʚ [Boveris et al., 1972]. 

ʇʦʪɻʦʤʫ, ʥʝʩʤʦʪʨʷ ʥʘ ʯʘʩʪʳʝ ʩʧʝʢʫʣʷʮʠʠ ʥʘ ʵʪʫ ʪʝʤʫ ʚ ʨʘʟʣʠʯʥʳʭ ʧʫʙʣʠʢʘʮʠʷʭ, 

ʚʩʝ ʝʱʝ ʩʣʦʞʥʦ ʩʢʘʟʘʪʴ, ʢʘʢʦʚ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʫʨʦʚʝʥʴ ʛʝʥʝʨʘʮʠʠ O2
Å-
 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʚ ʞʠʚʳʭ  ʪʢʘʥʷʭ, ʢʘʢ ʦʥ ʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʦʙʩʪʦʷʪʝʣʴʩʪʚʘʭ ʠ ʢʘʢʦʚ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʦʙʱʠʡ ʧʫʣ 

ɸʌʂ, ʭʦʪʷ ʠ ʥʝʪ ʩʦʤʥʝʥʠʡ, ʯʪʦ ʵʪʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʢʦʣʠʯʝʩʪʚʦ. ʕʪʦ 

ʦʙʩʪʦʷʪʝʣʴʩʪʚʦ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪʴ ʚʚʠʜʫ ʧʨʠ ʦʙʩʫʞʜʝʥʠʠ ʵʬʬʝʢʪʦʚ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ʵʪʠ ʵʬʬʝʢʪʳ ʤʦʛʫʪ 

ʙʳʪʴ ʩʚʷʟʘʥʳ ʥʝ ʩ ʟʘʱʠʪʦʡ ʦʪ ʙʦʣʴʰʦʛʦ ʧʫʣʘ ʆ2
Å -
, ʛʝʥʝʨʠʨʫʝʤʳʭ ʤʠʪʦʭʦʥʜʨʠʷʤʠ, 

ʘ ʩ ʙʦʣʝʝ ʪʦʥʢʠʤ ʚʤʝʰʘʪʝʣʴʩʪʚʦʤ ʚ ʩʠʛʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ, ʨʝʛʫʣʠʨʫʝʤʳʝ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤʠ ɸʌʂ. ʀʥʪʝʨʝʩʥʳʡ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʭʦʨʦʰʦ ʠʟʫʯʝʥʥʳʡ 

ʧʨʠʤʝʨ ʩʦʯʝʪʘʥʠʷ ʨʦʣʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ɸʌʂ ʢʘʢ ʠʩʪʦʯʥʠʢʘ ʦʢʠʩʣʠʪʝʣʴʥʳʭ 
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ʧʦʚʨʝʞʜʝʥʠʡ ʠ ʤʦʜʫʣʷʪʦʨʘ ʩʠʛʥʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʠʪʫʘʮʠʷ 

ʛʠʧʦʢʩʠʠ. 

 

1.2.3 ʇʘʨʘʜʦʢʩʘʣʴʥʘʷ ʧʨʦʜʫʢʮʠʷ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ (H2O2) 

ʧʨʠ ʛʠʧʦʢʩʠʠ 

ʊʚʝʨʜʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʦʠʟʚʦʜʩʪʚʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ɸʌʂ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʫʩʣʦʚʠʷʭ ʦʯʝʥʴ ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ  O2 [Murphy, 2009]. ʕʪʠ 

ʛʠʧʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ, ʝʩʣʠ ʩʦʜʝʨʞʘʥʠʝ O2 ʚ 

ʩʨʝʜʝ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 21% ʜʦ 1-3% [Guzy, Schumacker, 2006]. ʊʦʯʥʳʡ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʫʚʝʣʠʯʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʧʨʠ 

ʜʝʬʠʮʠʪʝ ʢʠʩʣʦʨʦʜʘ ʧʦʢʘ ʥʝ ʨʘʩʰʠʬʨʦʚʘʥ, ʥʦ ʥʘʭʦʜʠʪʩʷ ʚ ʩʦʩʪʦʷʥʠʠ ʘʢʪʠʚʥʦʛʦ 

ʠʟʫʯʝʥʠʷ [Murphy, 2009]. 

ʆ ʪʦʤ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʦʢʩʠʠ ʚʦʟʥʠʢʘʝʪ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ, ʭʦʨʦʰʦ 

ʠʟʚʝʩʪʥʦ [ɿʝʥʢʦʚ ʠ ʩʦʘʚʪ., 2001]. ɽʱʝ ʙʦʣʝʝ ʠʥʪʝʨʝʩʥʳʤʠ ʦʢʘʟʘʣʠʩʴ ʜʘʥʥʳʝ ʦ ʪʦʤ, 

ʯʪʦ ʛʝʥʝʨʠʨʫʝʤʳʝ ʧʨʠ ʥʝʜʦʩʪʘʪʢʝ ʢʠʩʣʦʨʦʜʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ɸʌʂ ʠʛʨʘʶʪ 

ʚʘʞʥʫʶ ʩʝʥʩʦʨʥʫʶ ʨʦʣʴ. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ ʧʨʦʜʫʢʮʠʝʡ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ɸʌʂ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʣʝʪʢʘʭ HIF-1 - ʮʠʪʦʢʠʥʘ, ʢʦʪʦʨʳʡ ʠʛʨʘʝʪ 

ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʦʪʚʝʪʝ ʢʣʝʪʦʢ ʥʘ ʛʠʧʦʢʩʠʶ [Semenza, 2004]. HIF-1 ʷʚʣʷʝʪʩʷ 

ʛʝʪʝʨʦʜʠʤʝʨʦʤ (ʚʢʣʶʯʘʶʱʠʤ HIF-1Ŭ ʠ HIF-1ɓ), ʢʦʪʦʨʳʡ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪʩʷ ʚ ʷʜʨʦ 

ʠ, ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ, ʠʥʠʮʠʠʨʫʝʪ ʪʨʘʥʩʢʨʠʧʮʠʶ ʨʷʜʘ ʛʝʥʦʚ ʚ ʦʪʚʝʪ 

ʥʘ ʥʝʜʦʩʪʘʪʦʢ ʢʠʩʣʦʨʦʜʘ [Mateo et al., 2003; Semenza, 2004; Zhou et al., 2007]. HIF-

1Ŭ ʢʦʥʩʪʠʪʫʪʠʚʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʢʣʝʪʢʝ, ʥʦ, ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʦʢʩʠʠ, ʦʥ ʙʳʩʪʨʦ 

ʛʠʜʨʦʢʩʠʣʠʨʫʝʪʩʷ ʧʦ ʦʩʪʘʪʢʘʤ ʧʨʦʣʠʥʘ, ʯʪʦ ʤʘʨʢʠʨʫʝʪ HIF-1Ŭ ʜʣʷ ʙʳʩʪʨʦʡ 

ʫʙʠʢʚʠʪʠʥ-ʟʘʚʠʩʠʤʦʡ ʧʨʦʪʝʦʩʦʤʘʣʴʥʦʡ ʜʝʛʨʘʜʘʮʠʠ [Semenza, 2004; Patten et al., 

2010]. ʂʦʛʜʘ ʢʦʥʮʝʥʪʨʘʮʠʷ O2 ʧʘʜʘʝʪ, HIF-1Ŭ ʧʝʨʝʩʪʘʝʪ ʨʘʟʨʫʰʘʪʴʩʷ, ʯʪʦ 

ʧʦʟʚʦʣʷʝʪ ʩʬʦʨʤʠʨʦʚʘʪʴʩʷ ʛʝʪʝʨʦʜʠʤʝʨʫ HIF-1 ʠ ʠʥʜʫʮʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ 

ʩʝʨʠʠ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʥʘ ʛʠʧʦʢʩʠʶ [Sanjuán-Pla et al., 2005]. ɺʘʞʥʳʤ 

ʬʘʢʪʦʨʦʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ ʥʘʢʦʧʣʝʥʠʝ HIF-1, ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʧʨʦʣʠʣʛʠʜʨʦʢʩʠʣʘʟʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘ ʢ H2O2, ʚʝʨʦʷʪʥʦ, ʧʦ ʧʨʠʯʠʥʝ ʨʝʘʢʮʠʠ ʩ 

ʧʝʨʦʢʩʠʜʦʤ ʥʝʛʝʤʦʚʳʤ ʞʝʣʝʟʘ ʚ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʝ ʬʝʨʤʝʥʪʘ [Guzy, Schumacker, 
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2006]. ʇʨʠʯʝʤ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʳ ʛʠʧʦʢʩʠʠ, ʚʳʟʚʘʥʥʳʝ ʜʝʡʩʪʚʠʝʤ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ɸʌʂ ʥʘ HIF-1, ʤʦʛʫʪ ʙʳʪʴ ʟʘʙʣʦʢʠʨʦʚʘʥʳ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʘʜʨʝʩʦʚʘʥʥʳʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ [Guzy, Schumacker, 2006]. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʜʳʭʘʪʝʣʴʥʘʷ ʮʝʧʴ ʤʠʪʦʭʦʥʜʨʠʡ ʤʦʞʝʪ ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʝʥʩʦʨʘ O2, 

ʛʝʥʝʨʠʨʫʷ H2O2 ʚ ʫʩʣʦʚʠʷʭ ʛʠʧʦʢʩʠʠ ʠ ʩʥʠʞʘʷ ʘʢʪʠʚʥʦʩʪʴ ʧʨʦʣʠʣʛʠʜʨʦʢʩʠʣʘʟʳ, 

ʪʝʤ ʩʘʤʳʤ ʩʪʘʙʠʣʠʟʠʨʫʷ HIF-1Ŭ ʠ ʤʦʜʫʣʠʨʫʷ ʢʣʝʪʦʯʥʳʡ ʦʪʚʝʪ ʥʘ ʛʠʧʦʢʩʠʶ 

[Guzy, Schumacker, 2006].  

 

1.2.4  ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ  

ʇʨʠʚʝʜʝʥʥʳʡ ʚʳʰʝ ʧʨʠʤʝʨ ʘʢʪʠʚʘʮʠʠ HIF-1 ʧʨʠ ʛʠʧʦʢʩʠʠ ʧʦʟʚʦʣʷʝʪ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ, ʧʦʤʠʤʦ ʯʠʩʪʦ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʣʝʜʩʪʚʠʡ ʛʝʥʝʨʘʮʠʠ ɸʌʂ, ʵʪʠ 

ʧʨʦʮʝʩʩʳ, ʚʦʟʤʦʞʥʦ, ʠʤʝʶʪ ʥʝʢʦʪʦʨʳʡ ʧʦʟʠʪʠʚʥʳʡ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʩʤʳʩʣ. 

ʅʘʠʙʦʣʴʰʝʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʠʤʝʝʪ ʩʠʛʥʘʣʴʥʘʷ ʬʫʥʢʮʠʷ 

ɸʌʂ [Droge, 2002; Balaban et al., 2005]. ʆʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ 

ʩʠʛʥʘʣʳ ʚʥʫʪʨʠ ʢʣʝʪʢʠ ʤʦʛʫʪ ʧʨʠʚʦʜʠʪʴ ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ H2O2, 

ʢʦʪʦʨʳʡ ʤʦʜʫʣʠʨʫʝʪ ʘʢʪʠʚʥʦʩʪʴ ʙʝʣʢʦʚ-ʤʠʰʝʥʝʡ ʩ ʧʦʤʦʱʴʶ ʦʙʨʘʪʠʤʦʛʦ 

ʦʢʠʩʣʝʥʠʷ ʢʨʠʪʠʯʝʩʢʠʭ ʪʠʦʣʦʚʳʭ ʛʨʫʧʧ ʙʝʣʢʦʚ [Hurd et al., 2007], ʠʟʤʝʥʷʷ, ʪʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʘʢʪʠʚʥʦʩʪʴ ʪʘʢʠʭ ʬʝʨʤʝʥʪʦʚ, ʢʘʢ ʢʠʥʘʟʳ, ʬʦʩʬʘʪʘʟʳ ʠ ʬʘʢʪʦʨʳ 

ʪʨʘʥʩʢʨʠʧʮʠʠ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʮʠʪʦʟʦʣʝ ʠʣʠ ʷʜʨʝ. ʍʦʪʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

ʚʝʩʴʤʘ ʤʘʣʦ ʠʟʚʝʩʪʥʦ ʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʨʝʜʦʢʩ-ʩʠʛʥʘʣʠʟʘʮʠʠ [Murphy, 2009], 

ʚʩʝ ʞʝ ʠʤʝʶʪʩʷ ʥʝʢʦʪʦʨʳʝ ʫʢʘʟʘʥʠʷ ʦʪʥʦʩʠʪʝʣʴʥʦ ʪʦʛʦ, ʢʘʢʠʤʠ ʤʦʛʫʪ ʙʳʪʴ ʵʪʠ 

ʚʝʨʦʷʪʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ. ʅʘʧʨʠʤʝʨ, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʅ2ʆ2 ʤʦʞʝʪ 

ʚʳʩʪʫʧʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʨʝʪʨʦʛʨʘʜʥʦʛʦ ʩʠʛʥʘʣʘ ʚ ʢʣʝʪʢʫ, ʩʦʦʙʱʘʷ ʦ ʩʦʩʪʦʷʥʠʠ ȹp 

ʠʣʠ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʧʫʣʘ ʅɸɼ-ʅ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ 

ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤ ʦʙʨʘʟʦʤ ʢʦʨʨʝʢʪʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ, ʪʨʘʥʩʣʷʮʠʶ ʪʨʘʥʩʧʦʨʪ 

ʠʣʠ ʜʝʛʨʘʜʘʮʠʶ ʢʦʤʧʦʥʝʥʪʦʚ ʤʠʪʦʭʦʥʜʨʠʡ. ɺʝʩʴʤʘ ʠʥʪʝʨʝʩʥʳ, ʭʦʪʷ ʧʦʢʘ ʠ 

ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳ ʩʦʦʙʱʝʥʠʷ ʦ ɸʌʂ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʦʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, 

ʦʩʦʙʝʥʥʦ ʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ, ʤʠʦʬʠʙʨʦʙʣʘʩʪʦʚ ʠ ʦʩʪʝʦʢʣʘʩʪʦʚ [Bai et al., 2005; 

Popova et al., 2010; Srinivasan et al., 2010; Lee et al., 2011; Nierobisz et al.2011; 

Hyeon et al., 2013]. 
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ɼʘʥʥʳʝ ʦ ʩʠʛʥʘʣʴʥʦʡ ʬʫʥʢʮʠʠ ɸʌʂ ʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʩʠʪʫʘʮʠʷʭ, ʥʝʩʤʦʪʨʷ ʥʘ ʩʚʦʶ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʦʩʪʴ, ʠʤʝʶʪ ʧʨʠʥʮʠʧʠʘʣʴʥʦʝ 

ʟʥʘʯʝʥʠʝ, ʧʦʩʢʦʣʴʢʫ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʠ ʦʙʲʷʩʥʷʪʴ ʵʬʬʝʢʪʳ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʥʝʩʚʦʜʠʤʳʝ ʢ ʧʨʦʩʪʦʡ ʟʘʱʠʪʝ 

ʢʦʤʧʦʥʝʥʪʦʚ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ. 

 

1.3 ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ: ʦʙʱʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ 

ʠ ʧʨʝʜʩʪʘʚʠʪʝʣʠ. ʇʣʘʩʪʦʭʠʥʦʥʠʣʜʝʮʠʣʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ (SkQ1) ʚ ʨʷʜʫ 

ʜʨʫʛʠʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

1.3.1 ʆʙʱʠʝ ʩʚʝʜʝʥʠʷ 

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʦʪʨʠʮʘʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʚʥʫʪʨʠ ʤʠʪʦʭʦʥʜʨʠʡ ʜʣʷ 

ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʥʘʢʦʧʣʝʥʠʷ ʚ ʥʠʭ ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʥʘʯʠʥʘʝʪʩʷ ʩ ʠʟʷʱʥʦʡ 

ʨʘʙʦʪʳ ʛʨʫʧʧʳ ɽ. ɸ. ʃʠʙʝʨʤʘʥʘ ʠ ɺ. ʇ. ʉʢʫʣʘʯʝʚʘ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʦʥʳ ʩ ʜʝʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʟʘʨʷʜʦʤ (ʠʦʥʳ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʷ) 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʧʨʦʥʠʢʘʶʪ ʚ ʤʠʪʦʭʦʥʜʨʠʠ [Liberman et al., 1969]. ɺ ʵʪʠʭ ʠʦʥʘʭ 

ʟʘʨʷʜ ʨʘʩʧʨʝʜʝʣʝʥ ʧʦ ʙʦʣʴʰʦʡ ʛʠʜʨʦʬʦʙʥʦʡ ʤʦʣʝʢʫʣʝ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʝʡ ʚʦʜʳ ʚʦʢʨʫʛ ʠʦʥʠʟʠʨʦʚʘʥʥʦʛʦ ʘʪʦʤʘ ʠ ʧʦʟʚʦʣʷʝʪ ʠʦʥʘʤ 

ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ, ʠʩʧʦʣʴʟʫʷ ʵʥʝʨʛʠʶ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʡ ʨʘʟʥʦʩʪʠ 

ʧʦʪʝʥʮʠʘʣʦʚ (ȹɣ) [Liberman et al., 1969; Grinius et al., 1970; Bakeeva et al., 1970; 

Isaev et al., 1970; Liberman, Skulachev, 1970; Green, 1974; ʉʢʫʣʘʯʝʚ, 1989; 

Antonenko et al., 2008; Cortés-Rojo et al., 2011]. ʇʦʩʢʦʣʴʢʫ ʤʘʪʨʠʢʩ ʤʠʪʦʭʦʥʜʨʠʡ 

ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʳʤ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʢʦʤʧʘʨʪʤʝʥʪʦʤ ʚʥʫʪʨʠ ʢʣʝʪʢʠ, 

ʚʝʱʝʩʪʚʦ, ʩʦʝʜʠʥʝʥʥʦʝ ʩ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʧʨʦʥʠʢʘʶʱʠʤ ʠʦʥʦʤ, ʙʫʜʝʪ 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʥʘʢʘʧʣʠʚʘʪʴʩʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩ ʢʦʵʬʬʠʮʠʝʥʪʦʤ ʥʘʢʦʧʣʝʥʠʷ 1000 

ʧʨʠ ȹɣ ʨʘʚʥʦʤ 180 ʤɺ ʩʦʛʣʘʩʥʦ ʫʨʘʚʥʝʥʠʶ ʅʝʨʥʩʪʘ [Liberman, Skulachev, 1970; 

ʉʢʫʣʘʯʝʚ, 1989]. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪ ʩ ʧʨʦʥʠʢʘʶʱʠʤʠ ʢʘʪʠʦʥʘʤʠ ʚ ʩʚʦʝ ʚʨʝʤʷ 

ʧʦʩʣʫʞʠʣʠ ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ ʘʨʛʫʤʝʥʪʦʚ ʚ ʧʦʣʴʟʫ ʩʧʨʘʚʝʜʣʠʚʦʩʪʠ 

ʭʝʤʦʦʩʤʦʪʠʯʝʩʢʠʡ ʢʦʥʮʝʧʮʠʠ ʇ. ʄʠʪʯʝʣʣʘ, ʘ ʩʘʤʠ ʪʘʢʠʝ ʢʘʪʠʦʥʳ ʧʦ 

ʧʨʝʜʣʦʞʝʥʠʶ ɼ. ɻʨʠʥʘ ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ çʉʢʫʣʘʯʝʚ-ʠʦʥʦʚè (Sk) [Green, 1974]. 
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ɺʩʢʦʨʝ ʧʦʩʣʝ ʦʪʢʨʳʪʠʷ ʧʨʦʥʠʢʘʶʱʠʭ ʢʘʪʠʦʥʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʥʠ ʤʦʛʫʪ 

ʩʣʫʞʠʪʴ çʤʦʣʝʢʫʣʘʤʠïɻ ʣʝʢʪʨʦʚʦʟʘʤʠè, ʦʙʝʩʧʝʯʠʚʘʷ ʥʘʢʦʧʣʝʥʠʝ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʥʝʟʘʨʷʞʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʩʚʷʟʘʥʥʳʭ ʩ ʢʘʪʠʦʥʘʤʠ [ʉʢʫʣʘʯʝʚ, 1989; ʉʝʚʝʨʠʥ ʠ 

ʩʦʘʚʪ., 1970; Levitsky, Skulachev, 1972]. ɺ ʩʚʷʟʠ ʩ ʧʦʷʚʣʝʥʠʝʤ ʠ ʧʦʧʫʣʷʨʠʟʘʮʠʝʡ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʡ ʪʝʦʨʠʠ ʩʪʘʨʝʥʠʷ ɼ. ʍʘʨʤʘʥʘ [Harman, 1956; Harman, 1992], 

ʦʙʲʷʩʥʷʶʱʝʡ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʮʝʣʦʛʦ ʨʷʜʘ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ 

ʧʦʚʨʝʞʜʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ɸʌʂ, ʚʦʟʥʠʢʣʘ ʝʩʪʝʩʪʚʝʥʥʘʷ ʠʜʝʷ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʩʦʝʜʠʥʝʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʩ ʧʨʦʥʠʢʘʶʱʠʤ ʢʘʪʠʦʥʦʤ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʦʯʠʩʪʠʪʴ 

çʩʘʤʦʝ ʛʨʷʟʥʦʝ ʤʝʩʪʦ ʚ ʢʣʝʪʢʝè, ʪ.ʝ. ʚʥʫʪʨʝʥʥʝʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʠʪʦʭʦʥʜʨʠʡ, ʛʜʝ, 

ʢʘʢ ʧʦʣʘʛʘʣʠ, ʦʙʨʘʟʫʝʪʩʷ ʥʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ɸʌʂ [Antonenko et al., 2008].  

ʇʨʠʥʮʠʧ çʤʦʣʝʢʫʣ-ʵʣʝʢʪʨʦʚʦʟʦʚè ʜʣʷ ʥʘʢʦʧʣʝʥʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʨʘʟʣʠʯʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʙʳʣ ʚʧʝʨʚʳʝ ʧʨʠʤʝʥʝʥ ʄ. ʄʵʨʬʠ ʠ ʈ. ʉʤʠʪʦʤ. ʆʥʠ 

ʩʠʥʪʝʟʠʨʦʚʘʣʠ ʩʦʝʜʠʥʝʥʠʷ, ʩʦʩʪʦʷʱʠʝ ʠʟ ʪʠʦʙʫʪʠʣʘ [Burns et al., 1995] ʠʣʠ Ŭ-

ʪʦʢʦʬʝʨʦʣʘ [Smith et al., 1999], ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʢʘʪʠʦʥʦʤ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʷ 

[Antonenko et al., 2008]. ʇʦʟʞʝ ʵʪʠ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʙʳʣʠ ʟʘʤʝʥʝʥʳ ʥʘ ʫʙʠʭʠʥʦʣ, 

ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʧʦʣʫʯʠʪʴ ʚʦʟʦʙʥʦʚʣʷʝʤʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪ (ʦʢʠʩʣʝʥʥʳʝ ʬʦʨʤʳ 

ʫʙʠʭʠʥʦʥʘ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʝʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʤʦʛʫʪ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʩ ʧʦʤʦʱʴʶ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ) [Kelso et al., 2001; 

Cochemé et al., 2007; Eremeyev et al., 2009; Antonenko et al., 2008; Duveau et al., 

2010]. ɹʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʪʘʢʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʥʘʟʚʘʥʥʦʝ MitoQ ï ʥʘʢʘʧʣʠʚʘʝʪʩʷ 

ʚ ʵʥʝʨʛʠʟʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʠʩʧʦʣʴʟʫʷ ʵʥʝʨʛʠʶ ȹɣ; ʦʥʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʦʢʠʩʣʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʣʠʧʠʜʦʚ ʨʘʜʠʢʘʣʘʤʠ OHÅ  in vitro, ʫʚʝʣʠʯʠʚʘʝʪ 

ʚʳʞʠʚʘʝʤʦʩʪʴ ʢʣʝʪʦʢ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢ ɸʌʂ, ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʷʭ MitoQ ʥʘʤʥʦʛʦ 

ʙʦʣʝʝ ʥʠʟʢʠʭ, ʯʝʤ CoQ ʠʣʠ Ŭ-ʪʦʢʦʬʝʨʦʣʘ, ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʢʫʣʴʪʫʨ ʬʠʙʨʦʙʣʘʩʪʦʚ ʧʨʠ ʧʦʚʳʰʝʥʥʦʤ ʩʦʜʝʨʞʘʥʠʠ ʢʠʩʣʦʨʦʜʘ [James et al., 2005;  

Kelso et al., 2002; Saretzki et al., 2003; Jauslin et al., 2003; Murphy, Smith, 2007; 

Antonenko et al., 2008]. 

ʂ ʩʦʞʘʣʝʥʠʶ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ MitoQ ʧʨʦʷʚʠʣʠʩʴ ʝʛʦ 

ʧʨʦʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ [James et al., 2005; O'Malley et al., 2006; Doughan,  
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Dikalov, 2007], ʯʪʦ ʦʛʨʘʥʠʯʠʚʘʝʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʧʨʠʤʝʥʠʤʦʩʪʴ ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ 

ʜʣʷ ʪʝʨʘʧʠʠ ʟʘʙʦʣʝʚʘʥʠʡ [Antonenko et al., 2008].  

ʀʤʝʷ ʚʚʠʜʫ ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʠ ʮʝʣʴ ï ʫʩʦʚʝʨʰʝʥʩʪʚʦʚʘʪʴ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ 

ʤʠʪʦʭʦʥʜʨʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ ʧʫʪʝʤ ʠʭ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ, ʛʨʫʧʧʦʡ 

ɺ.ʇ.ʉʢʫʣʘʯʝʚʘ ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʠ ʠʩʧʳʪʘʥ ʙʦʣʴʰʦʡ ʨʷʜ ʩʦʝʜʠʥʝʥʠʡ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʦʪ MitoQ ʩʪʨʦʝʥʠʝʤ ʢʘʢ ʦʜʥʦʡ ʪʦʣʴʢʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʯʘʩʪʠ 

(SkQ1, SkQ3, SkQ5, DMQ, SkQT), ʪʘʢ ʠ ʦʙʦʠʭ ï ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʠ 

ʧʨʦʥʠʢʘʶʱʝʛʦ ʢʘʪʠʦʥʘ (SkQ4, SkQ2M, SkQR1, SkQRT1 SkQBerb ʠ SkQPalm) 

(ʪʘʙʣʠʮʘ 1).  

 

ʊʘʙʣʠʮʘ 1 ï ʆʙʱʘʷ  ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʚʘʞʥʝʡʰʠʭ ʧʨʝʜʩʪʘʚʠʪʝʣʝʡ ʢʣʘʩʩʘ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ  
 

SkQ1 ʉʦʝʜʠʥʝʥʠʝ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʠʟ ʭʣʦʨʦʧʣʘʩʪʦʚ ʨʘʩʪʝʥʠʡ ï ʧʣʘʩʪʦʭʠʥʦʥʘ ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʷ ʚ 

ʢʘʯʝʩʪʚʝ ʧʨʦʥʠʢʘʶʱʝʛʦ ʢʘʪʠʦʥʘ. ʆʙʣʘʜʘʝʪ ʦʯʝʥʴ ʚʳʩʦʢʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʠ ʧʨʦʥʠʢʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ, ʰʠʨʦʢʠʤ ʢʦʨʠʜʦʨʦʤ ʵʬʬʝʢʪʠʚʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʤʝʞʜʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʠ 

ʧʨʦʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ ʠ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤʠ ʵʬʬʝʢʪʘʤʠ. 

ʅʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʢʣʘʩʩʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ. 

MitoQ  ʉʦʝʜʠʥʝʥʠʝ ʧʨʦʥʠʢʘʶʱʝʛʦ ʢʘʪʠʦʥʘ ʪʨʠʬʝʥʠʥʣʬʦʩʬʦʥʠʷ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʠʟ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ 

ʤʠʪʦʭʦʥʜʨʠʡ ï ʫʙʠʭʠʥʦʥʘ. ʀʩʪʦʨʠʯʝʩʢʠ ʧʝʨʚʳʡ ʧʨʝʜʩʪʘʚʠʪʝʣʴ ʢʣʘʩʩʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ. ʆʢʘʟʳʚʘʝʪ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʙʠʦʣʦʛʠʯʝʩʢʠ ʟʥʘʯʠʤʳʭ ʵʬʬʝʢʪʦʚ, ʥʦ 

ʦʙʣʘʜʘʝʪ ʭʫʜʰʠʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ SkQ1 ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɸʥʘʣʦʛ 

MitoQ - MitoQ10 - ʧʦʢʘ ʥʝ ʠʩʧʳʪʘʥ in vivo. 

SkQR1 ʌʣʫʦʨʝʩʮʝʥʪʥʳʡ ʘʥʘʣʦʛ SkQ1, ʧʦʟʚʦʣʷʶʱʠʡ ʩʣʝʜʠʪʴ ʟʘ ʝʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʢʘʢ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʪʘʨʛʝʪʠʨʦʚʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʞʠʚʦʡ ʢʣʝʪʢʝ ʠʣʠ ʦʨʛʘʥʠʟʤʝ (ʚ ʢʘʯʝʩʪʚʝ 

ʧʨʦʥʠʢʘʶʱʝʛʦ ʢʘʪʠʦʥʘ ʠʩʧʦʣʴʟʦʚʘʥ ʨʦʜʘʤʠʥ). ʆʙʣʘʜʘʝʪ ʥʝʩʢʦʣʴʢʦ ʠʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ SkQ1 ī ʙʦʣʴʰʝʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʣʠʧʠʜʥʳʤ 

ʤʝʤʙʨʘʥʘʤ, ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʴʶ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʇʦʢʘʟʘʥʳ ʟʥʘʯʠʤʳʝ 

ʧʦʟʠʪʠʚʥʳʝ ʵʬʬʝʢʪʳ ʥʘ ʤʦʜʝʣʷʭ ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ. 

SkQ2ʄ ʉʦʝʜʠʥʝʥʠʝ, ʚ ʢʦʪʦʨʦʤ ʚ ʢʘʯʝʩʪʚʝ ʧʨʦʥʠʢʘʶʱʝʛʦ ʢʘʪʠʦʥʘ ʠʩʧʦʣʴʟʦʚʘʥ ʢʘʨʥʠʪʠʥ. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ 

ʦʧʳʪʦʚ in vitro ʦʙʣʘʜʘʝʪ ʦʯʝʥʴ ʩʣʘʙʦʡ ʧʨʦʥʠʢʘʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʴʶ. ʕʬʬʝʢʪʳ in vivʦ ʥʝ ʠʟʚʝʩʪʥʳ. 

SkQ3 ʄʦʜʠʬʠʮʠʨʦʚʘʥʥʳʡ, ʙʦʣʝʝ ʩʪʘʙʠʣʴʥʳʡ ʚʘʨʠʘʥʪ SkQ1, ʦʜʥʘʢʦ, ʦʙʣʘʜʘʶʱʠʡ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʀʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʝʡʩʪʚʫʶʱʝʡ ʩʫʙʩʪʘʥʮʠʠ ʚ 

ʙʠʦʪʝʭʥʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ, ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʭ ʜʣʷ ʟʘʱʠʪʳ ʨʘʩʪʝʥʠʡ ʦʪ ʩʪʨʝʩʩʘ, ʧʨʦʜʣʝʥʠʷ 

ʩʨʦʢʘ ʠʭ ʞʠʟʥʠ. 

SkQ4 ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʥʝ ʩʦʜʝʨʞʘʱʝʝ ʬʦʩʬʦʨʘ ʠ ʘʨʦʤʘʪʠʯʝʩʢʠʭ ʛʨʫʧʧ. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʪʝʩʪʦʚ in vitro ʦʙʣʘʜʘʝʪ ʦʩʣʘʙʣʝʥʥʦʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ SkQ1 ʧʨʦʥʠʢʘʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʴʶ. ʅʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʩʠʩʪʝʤʘʭ ʥʝ ʠʩʧʳʪʳʚʘʣʦʩʴ. 
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ʆʢʦʥʯʘʥʠʝ ʪʘʙʣʠʮʳ 1 

 
SkQ5 ʉʦʝʜʠʥʝʥʠʝ ʩ ʫʢʦʨʦʯʝʥʥʳʤ ʣʠʥʢʝʨʥʳʤ ʟʚʝʥʦʤ ʤʝʞʜʫ ʦʩʪʘʪʢʦʤ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʷ ʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ. ʉʫʱʝʩʪʚʝʥʥʦ ʤʝʥʝʝ ʛʠʜʨʦʬʦʙʥʦ. ʇʨʦʥʠʢʘʶʱʘʷ ʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʥʠʞʝ, ʯʝʤ ʫ SkQ1. ʉʚʦʡʩʪʚʘ in vivo ʥʝ ʠʟʚʝʩʪʥʳ. 

SkQT1, 

SkQTR1 

ɸʥʘʣʦʛʠ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ SkQ1 ʠ SkQR1, ʚ ʢʦʪʦʨʳʭ ʚ ʢʘʯʝʩʪʚʝ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʯʘʩʪʠ 

ʧʨʠʩʦʝʜʠʥʝʥ ʥʝ ʧʣʘʩʪʦʭʠʥʦʥ, ʘ ʪʠʤʦʭʠʥʦʥ. ʀʤʝʶʪʩʷ ʦʛʨʘʥʠʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦʙ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʠ 

ʧʨʦʥʠʢʘʶʱʝʡ ʘʢʪʠʚʥʦʩʪʠ in vitro. ʉʯʠʪʘʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤʠ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ in vivo, ʦʜʥʘʢʦ 

ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦʢʘ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʳ. 

DMQ, 

C12īTPP 

ɺʝʱʝʩʪʚʘ, ʧʦ ʩʪʨʫʢʪʫʨʝ ʩʭʦʜʥʳʝ ʩ SkQ1 ʠ MitoQ, ʥʦ ʩ ʦʪʩʫʪʩʪʚʫʶʱʝʡ (ʉ12īʊʈʈ) ʠʣʠ ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʥʦʡ (DMQ) ī ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʥʪʨʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

SkQBerb, 

SkQPalm 

ʇʝʨʚʳʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ, ʩʢʦʥʩʪʨʫʠʨʦʚʘʥʥʳʝ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ 

ʥʘʪʫʨʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, ʘ ʠʤʝʥʥʦ, ʦʩʪʘʪʢʦʚ ʧʣʘʩʪʦʭʠʥʦʥʘ, ʥʦʥʠʣʘ, ʘʮʝʪʠʣʘ ʠ ʙʝʨʙʝʨʠʥʘ ʠʣʠ 

ʧʘʣʴʤʠʪʠʥʘ. ʆʙʣʘʜʘʶʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ in vitro, in vivo ʥʝ ʠʩʧʳʪʘʥʳ. 

C10Berb, 

C10Palm 

ɸʥʘʣʦʛʠ SkQBerb ʠ SkQPalm ʙʝʟ ʦʩʪʘʪʢʘ ʧʣʘʩʪʦʭʠʥʦʥʘ, ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ  

ʇʨʠʤʝʯʘʥʠʝ ï ʪʘʙʣʠʮʘ ʩʦʩʪʘʚʣʝʥʘ ʧʦ ʜʘʥʥʳʤ ʨʘʙʦʪʳ ʖ. ʅ. ɸʥʪʦʥʝʥʢʦ ʠ 

ʩʦʘʚʪʦʨʦʚ [Antonenko et al., 2008] ʩ ʜʦʧʦʣʥʝʥʠʷʤʠ, ʚʟʷʪʳʤʠ ʠʟ ʜʨʫʛʠʭ ʧʫʙʣʠʢʘʮʠʡ [Asin-

Cayuela et al., 2004; Tauskela, 2007; Khailova et al., 2008; Rokitskaya et al., 2008; Plecitá-

Hlavatá et al., 2009; Izyumov et al., 2010; Severin et al. 2010; Antonenko et al., 2011; 

Skulachev et al., 2011; Lyamzaev et al., 2011; Chernyak et al., 2012; Antonenko et al., 2012; 

Pustovidko et al., 2013; Chernyak et al., 2013; Antonenko et al., 2013; Rokitskaya et al., 2013; 

Khailova et al., 2014]. 

 

ʅʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʠʟʫʯʝʥʥʳʤ ʠʟ ʥʠʭ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʷʚʣʷʝʪʩʷ 

SkQ1, ʧʦʵʪʦʤʫ ʝʛʦ ʩʚʦʡʩʪʚʘ ʙʫʜʫʪ ʦʧʠʩʘʥʳ ʙʦʣʝʝ ʧʦʜʨʦʙʥʦ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʦʩʪʘʣʴʥʳʤʠ. ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʚ ʦʧʳʪʘʭ ʩ SkQ1 ʦʙʳʯʥʦ 

ʠʩʧʦʣʴʟʫʝʪʩʷ ʉ12TPP ï ʚʝʱʝʩʪʚʦ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʝ SkQ1 ʙʝʟ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ 

ʯʘʩʪʠ (ʧʣʘʩʪʦʭʠʥʦʥʘ). 

 

1.3.2 ʍʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ, ʬʠʟʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ SkQ1 

ʅʘʟʚʘʥʠʝ çSkQè ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʙʠʥʘʮʠʶ ʧʨʠʥʷʪʦʛʦ ʩʦʢʨʘʱʝʥʥʦʛʦ 

ʥʘʠʤʝʥʦʚʘʥʠʷ çʉʢʫʣʘʯʝʚ-ʠʦʥʦʚè (Sk) ʠ ʭʠʥʦʥʘ (Q).  

ʍʠʤʠʯʝʩʢʠ SkQ1 ï ʵʪʦ [10-(4,5-ʜʠʤʝʪʠʣ-3,6-ʜʠʦʢʩʦʮʠʢʣʦʛʝʢʩʘ-1,4-ʜʠʝʥ-1-

ʠʣ)ʜʝʮʠʣ](ʪʨʠʬʝʥʠʣ)ʬʦʩʬʦʥʠʷ ʙʨʦʤʠʜ (ʧʦ ʥʦʤʝʥʢʣʘʪʫʨʝ IUPAC) ʠʣʠ 10-(6'-

ʧʣʘʩʪʦʭʠʥʦʥʠʣʜʝʮʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʡ ʙʨʦʤʠʜ, ʪʦ ʝʩʪʴ ʦʩʥʦʚʘʥʠʝ, ʩʦʩʪʦʷʱʝʝ 

ʠʟ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʷ, ʩʚʷʟʘʥʥʦʛʦ ʩ ʧʣʘʩʪʦʭʠʥʦʥʦʤ ʯʝʨʝʟ 10-ʯʣʝʥʥʫʶ 
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ʧʨʝʜʝʣʴʥʫʶ ʫʛʣʝʚʦʜʦʨʦʜʥʫʶ ʮʝʧʦʯʢʫ ʠ ʧʨʝʜʩʪʘʚʣʝʥʥʦʝ ʢʘʢ ʩʦʣʴ 

ʙʨʦʤʦʚʦʜʦʨʦʜʥʦʡ ʢʠʩʣʦʪʳ (ʨʠʩʫʥʦʢ 1).  

 

 

ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʘʜʨʝʩʩʦʚʘʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ 

ʧʣʘʩʪʦʭʠʥʦʥʘ SkQ1  (10-(6'-ʧʣʘʩʪʦʭʠʥʦʥʠʣʜʝʮʠʣ)ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʷ ʙʨʦʤʠʜʘ). 

ʇʨʠʤʝʯʘʥʠʝ ï ʤʦʣʷʨʥʘʷ ʤʘʩʩʘ SkQ1 ʨʘʚʥʘ 617 ʛ/ʤʦʣʴ. 

 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, SkQ1 ʩʭʦʞ ʧʦ ʩʪʨʦʝʥʠʶ ʩ MitoQ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʯʘʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʦʙʳʯʥʳʡ ʜʣʷ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ 

ʫʙʠʭʠʥʦʥ ʟʘʤʝʥʝʥ ʥʘ ʢʦʤʧʦʥʝʥʪ ʵʣʝʢʪʨʦʥʥʦʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ ʭʣʦʨʦʧʣʘʩʪʦʚ - 

ʧʣʘʩʪʦʭʠʥʦʥ. ʊʘʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ ʙʳʣʘ ʩʜʝʣʘʥʘ ʠʩʭʦʜʷ ʠʟ ʧʦʣʦʞʝʥʠʷ, ʯʪʦ 

ʧʣʘʩʪʦʭʠʥʦʥ ï ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪ, ʯʝʤ ʫʙʠʭʠʥʦʥ [Kruk et al., 1997; 

Loshadkin et al., 2002; Roginsky et al., 2003], ʧʦʩʢʦʣʴʢʫ ʵʪʦ ʩʚʦʡʩʪʚʦ ʙʦʣʝʝ ʚʘʞʥʦ 

ʜʣʷ ʭʣʦʨʦʧʣʘʩʪʦʚ, ʧʨʦʜʫʮʠʨʫʶʱʠʭ ʢʠʩʣʦʨʦʜ ʠ ʧʦʛʣʦʱʘʶʱʠʭ ʩʚʝʪ ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʩʠʥʛʣʝʪʥʦʛʦ ʢʠʩʣʦʨʦʜʘ. ʂʠʩʣʘʷ ʩʨʝʜʘ ʪʠʣʘʢʦʠʜʦʚ ʪʘʢʞʝ 

ʩʧʦʩʦʙʩʪʚʫʶʪ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ, ʪʘʢ ʢʘʢ ʧʨʦʪʦʥʠʨʦʚʘʥʠʝ ʩʫʧʝʨʦʢʩʠʜ-

ʘʥʠʦʥʘ (ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʨʘʜʠʢʘʣʘ HO2
Å
) ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ ʝʛʦ ʘʛʨʝʩʩʠʚʥʦʩʪʴ 

[Antonenko et al., 2008]. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʟʘʤʝʥʘ ʫʙʠʭʠʥʦʥʘ ʥʘ ʧʣʘʩʪʦʭʠʥʦʥ ʜʦʣʞʥʘ 

ʧʦʚʳʩʠʪʴ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ 

ʩʦʝʜʠʥʝʥʠʷ ʠ ʫʚʝʣʠʯʠʪʴ çʦʢʥʦè ʤʝʞʜʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʠ ʧʨʦʦʢʩʠʜʘʥʪʥʳʤ 

ʜʝʡʩʪʚʠʝʤ. ɺ ʯʠʩʪʦʤ ʚʠʜʝ ʣʠʦʬʠʣʴʥʦ ʚʳʩʫʰʝʥʥʳʡ SkQ1 ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 

ʢʦʨʠʯʥʝʚʘʪʫʶ ʩʤʦʣʦʦʙʨʘʟʥʫʶ ʤʘʩʩʫ, ʨʘʩʪʚʦʨʳ ʢʦʪʦʨʦʡ ʠʤʝʶʪ ʞʝʣʪʦʚʘʪʳʡ ʮʚʝʪ. 
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ʇʨʝʧʘʨʘʪ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʷʭ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 96% 

ʵʪʘʥʦʣʝ ʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 0
ʦ
ʉ ʦʩʪʘʝʪʩʷ ʩʪʘʙʠʣʴʥʳʤ ʚ ʪʝʯʝʥʠʝ ʤʥʦʛʠʭ ʥʝʜʝʣʴ. 

ɺʦʜʥʳʝ ʨʘʩʪʚʦʨʳ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ ʯʨʝʟʚʳʯʘʡʥʦ ʥʝʩʪʘʙʠʣʴʥʳ, SkQ1 ʧʦʣʥʦʩʪʴʶ 

ʨʘʟʨʫʰʘʝʪʩʷ ʧʨʠ 25
ʦ
ʉ ʠ ʨʅ=7,0 ʫʞʝ ʯʝʨʝʟ ʩʫʪʢʠ. ʈʘʟʨʫʰʝʥʠʝ ʚʝʱʝʩʪʚʘ ʨʝʟʢʦ 

ʫʩʢʦʨʷʝʪʩʷ ʥʘ ʩʚʝʪʫ. ʇʣʘʩʪʠʢʦʚʘʷ ʧʦʩʫʜʘ ʣʝʛʢʦ ʩʦʨʙʠʨʫʝʪ ʥʘ ʩʚʦʠ ʩʪʝʥʢʠ  SkQ1 ʠʟ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ; ʚ ʩʪʝʢʣʷʥʥʦʡ ʧʦʩʫʜʝ ʩʦʨʙʮʠʷ ʪʘʢʞʝ ʧʨʦʠʩʭʦʜʠʪ, ʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ. ɺʩʝ ʵʪʦ ʩʦʟʜʘʝʪ ʦʩʦʙʳʝ ʪʨʫʜʥʦʩʪʠ ʚ ʨʘʙʦʪʝ ʩ SkQ1 ʠ ʪʨʝʙʫʝʪ 

ʪʱʘʪʝʣʴʥʦʛʦ ʜʠʥʘʤʠʯʝʩʢʦʛʦ ʢʦʥʪʨʦʣʷ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʨʘʙʦʯʠʭ ʨʘʩʪʚʦʨʘʭ.  

ɺʝʱʝʩʪʚʦ ʦʙʣʘʜʘʝʪ ʚʳʨʘʞʝʥʥʦʡ ʣʠʧʦʬʠʣʴʥʦʩʪʴʶ. ɺ ʜʦʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʞʠʚʦʪʥʳʭ ʨʘʩʧʨʝʜʝʣʝʥʠʝ SkQ1 ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ ʧʨʦʠʩʭʦʜʠʣʦ 

ʚ ʪʝʯʝʥʠʝ 48 ʯ ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʛʦ ʚʚʝʜʝʥʠʷ. ɹʳʣʦ 

ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ SkQ1 ʧʨʠʩʫʪʩʪʚʫʝʪ ʚ ʥʘʠʙʦʣʴʰʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʚ ʪʢʘʥʷʭ ʧʦʯʢʠ, 

ʧʝʯʝʥʠ ʠ ʩʝʨʜʮʝ ʚ ʪʝʯʝʥʠʝ 1 ʯ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ. SkQ1 ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʳʩʪʨʦ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤʫ ʨʘʩʱʝʧʣʝʥʠʶ ʠ ʢʦʚʘʣʝʥʪʥʦʤʫ ʩʚʷʟʳʚʘʥʠʶ ʩ 

ʙʝʣʢʘʤʠ. 

 

1.3.3 ʉʨʘʚʥʠʪʝʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʚʦʡʩʪʚ SkQ1 ʠ ʜʨʫʛʠʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʧʨʦʥʠʢʘʶʱʠʭ ʢʘʪʠʦʥʦʚ ʥʘ ʩʫʙʢʣʝʪʦʯʥʳʭ ʦʙʲʝʢʪʘʭ 

ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʙʠʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʳ ʜʣʷ ʢʘʪʠʦʥʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ 

ʭʠʥʦʥʦʚ. ʉʝʨʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ ʧʨʦʥʠʢʘʶʱʠʭ ʢʘʪʠʦʥʦʚ ʙʳʣʘ ʠʩʧʳʪʘʥʘ 

ʛʨʫʧʧʦʡ ɺ.ʇ.ʉʢʫʣʘʯʝʚʘ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʙʠʣʠʧʠʜʥʫʶ ʤʝʤʙʨʘʥʫ 

[Antonenko et al., 2008]. ʇʨʷʤʳʝ ʠʟʤʝʨʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʝʨʝʥʦʩʘ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʠʟ 

ʦʜʥʦʛʦ ʤʦʥʦʩʣʦʷ ʙʠʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʳ ʚ ʜʨʫʛʦʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʫʢʘʟʘʥʥʘʷ 

ʩʢʦʨʦʩʪʴ ʧʘʜʘʝʪ ʚ ʨʷʜʫ SkQR1>SkQ1>SkQ3>MitoQ. ɺ ʦʙʣʘʩʪʠ ʢʦʥʮʝʥʪʨʘʮʠʡ 5 Ŀ 

10
ï5
ï5 · 10

ï4
 ʄ SkQ1 ʩʦʟʜʘʚʘʣ ʜʠʬʬʫʟʠʦʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʫʨʘʚʥʝʥʠʝʤ ʅʝʨʥʩʪʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, SkQ1, SkQ3 ʠ SkQR1 ʠʤʝʣʠ ʥʘʠʚʳʩʰʫʶ 

ʧʨʦʥʠʢʘʶʱʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʩʨʝʜʠ ʚʩʝʭ ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʥʦʚʳʭ ʩʦʝʜʠʥʝʥʠʡ 

[Antonenko et al., 2008].  

ʂʦʵʬʬʠʮʠʝʥʪ ʥʘʢʦʧʣʝʥʠʷ ʤʦʞʥʦ ʦʮʝʥʠʪʴ, ʫʯʠʪʳʚʘʷ ʚʝʣʠʯʠʥʫ ȹɣ ʥʘ 

ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʝ ʢʣʝʪʢʠ ʠ ʥʘ ʤʝʤʙʨʘʥʝ ʤʠʪʦʭʦʥʜʨʠʡ, ʯʪʦ ʚ ʩʫʤʤʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 
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104-ʢʨʘʪʥʦʤʫ ʛʨʘʜʠʝʥʪʫ SkQ ʤʝʞʜʫ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʦʡ ʠ ʤʘʪʨʠʢʩʦʤ 

ʤʠʪʦʭʦʥʜʨʠʡ, ʘ ʪʘʢʞʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʝʩʪʴ ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 

ʤʝʤʙʨʘʥʘ/ʚʦʜʘ, ʢʦʪʦʨʳʡ ʩʦʩʪʘʚʣʷʝʪ ʚ ʩʣʫʯʘʝ SkQ 1 Ŀ 10
4
. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʢʦʥʮʝʥʪʨʘʮʠʷ SkQ1 ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʣʠʧʠʜʥʦʤ ʤʦʥʦʩʣʦʝ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ 

ʤʠʪʦʭʦʥʜʨʠʡ ʤʦʞʝʪ ʧʨʝʚʳʰʘʪʴ ʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ ʚ 108 

ʨʘʟ, ʪ.ʝ. ʩʦʩʪʘʚʣʷʪʴ ʦʢʦʣʦ 1 Ŀ 10ï4 M ʧʨʠ 1 Ŀ 10ï12 M SkQ1 ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʡ ʩʨʝʜʝ 

(ʨʠʩʫʥʦʢ 2). 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ SkQ ʚ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤʘʭ. ɸʥʪʠ- ʠ 

ʧʨʦʦʢʩʠʜʘʥʪʥʳʝ ʩʚʦʡʩʪʚʘ SkQ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʨʫʧʧʦʡ ɺ.ʇ.ʉʢʫʣʘʯʝʚʘ ʚ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ, ʤʠʮʝʣʣʘʭ, ʣʠʧʦʩʦʤʘʭ ʠ ʙʠʣʠʧʠʜʥʳʭ ʤʝʤʙʨʘʥʘʭ [Antonenko et 

al. 2008]. ʉʧʦʩʦʙʥʦʩʪʴ SkQ1 ʥʝʡʪʨʘʣʠʟʦʚʘʪʴ ʨʘʜʠʢʘʣʳ OH
Å
 ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʠʟʤʝʨʷʣʘʩʴ ʧʦ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʣʶʤʠʥʦʣʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ 

ʘʟʦʠʥʠʮʠʘʪʦʨʦʤ 2,2'-ʘʟʦʙʠʩ(2-ʘʤʠʜʠ-ʥʦʧʨʦʧʘʥ) ʜʠʛʠʜʨʦʭʣʦʨʠʜʦʤ. ɺ ʵʪʦʡ ʩʠʩʪʝʤʝ 

0,5 ʤʢʄ SkQ1H2 (ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʘ SkQ1) ʩʫʱʝʩʪʚʝʥʥʦ ʩʥʠʞʘʝʪ 

ʣʶʤʠʥʝʩʮʝʥʮʠʶ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʦʢʠʩʣʝʥʥʳʡ SkQ1 ʛʦʨʘʟʜʦ ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ. 

MitoQH2 ʦʙʣʘʜʘʣ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ, ʯʝʤ SkQ1H2, ʘ MitoQ 

ʙʳʣ ʩʦʚʝʨʰʝʥʥʦ ʥʝ ʘʢʪʠʚʝʥ. ʇʨʦʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ SkQ1 ʠ MitoQ ʚ ʚʦʜʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʠʟʤʝʨʷʣʘʩʴ ʧʦ ʩʢʦʨʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʛʠʜʨʦʭʠʥʦʥʦʚ ʜʦ 

ʭʠʥʦʥʦʚ ʠʣʠ ʧʦ ʩʢʦʨʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ O2 ʜʦ O2Å
_
. ʆʙʘ ʤʝʪʦʜʘ ʷʩʥʦ ʧʦʢʘʟʘʣʠ, 

ʯʪʦ ʧʨʦʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ MitoQ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ SkQ1. 

ɸʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʪʝʭ ʞʝ ʩʦʝʜʠʥʝʥʠʡ ʚ ʣʠʧʠʜʥʳʭ ʤʠʮʝʣʣʘʭ 

ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʪʦʨʤʦʞʝʥʠʶ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʤʝʪʠʣʦʚʦʛʦ ʵʬʠʨʘ ʣʠʥʦʣʝʚʦʡ 

ʢʠʩʣʦʪʳ. ʍʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ SkQ1H2 ʠ MitoQH2 

ʩʣʫʞʠʣʘ ʢʦʥʩʪʘʥʪʘ ʩʢʦʨʦʩʪʠ ʨʝʘʢʮʠʠ ʤʝʞʜʫ ʧʝʨʦʢʩʠʜʥʳʤ ʨʘʜʠʢʘʣʦʤ 

ʦʢʩʠʛʝʥʠʨʦʚʘʥʥʦʛʦ ʦʩʪʘʪʢʘ ʣʠʥʦʣʝʚʦʡ ʢʠʩʣʦʪʳ ʩ ʭʠʥʦʣʦʤ, ʢʦʪʦʨʘʷ 

ʢʦʥʢʫʨʠʨʦʚʘʣʘ ʩ ʨʘʟʚʠʪʠʝʤ ʮʝʧʥʦʡ ʨʝʘʢʮʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʝʘʢʮʠʦʥʥʘʷ 

ʩʧʦʩʦʙʥʦʩʪʴ SkQ1H2 ʦʢʘʟʘʣʘʩʴ ʧʦʯʪʠ ʚ 4 ʨʘʟʘ ʚʳʰʝ, ʯʝʤ ʫ MitoQH2. ʆʢʠʩʣʝʥʥʳʝ 

ʬʦʨʤʳ SkQ1 ʠ MitoQ ʙʳʣʠ ʥʝʘʢʪʠʚʥʳ ʚ ʵʪʦʡ ʩʠʩʪʝʤʝ [Roginsky et al., 2009]. 
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ʈʠʩʫʥʦʢ 2 ï ʉʭʝʤʘ, ʠʣʣʶʩʪʨʠʨʫʶʱʘʷ ʥʘʢʦʧʣʝʥʠʝ SkQ ʚʦ ʚʥʫʪʨʝʥʥʝʤ ʤʦʥʦʩʣʦʝ 

ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ ʤʠʪʦʭʦʥʜʨʠʡ (ʠʟ ʨʘʙʦʪʳ ʖ. ʅ. ɸʥʪʦʥʝʥʢʦ ʠ ʩʦʘʚʪʦʨʦʚ 

[Antonenko et al. 2008]). ʇʨʠʤʝʯʘʥʠʝ ï ʚʝʣʠʯʠʥʳ ȹɣ ʥʘ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʝ ʢʣʝʪʢʠ ʠ ʥʘ 

ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʝ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠʥʷʪʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʟʘ 60 ʠ 180 ʤɺ, ʘ 

ʢʦʵʬʬʠʮʠʝʥʪ ʨʘʩʧʨʝʜʝʣʝʥʠʷ SkQ ʚ ʩʠʩʪʝʤʝ ʤʝʤʙʨʘʥʘ/ʚʦʜʘ ʟʘ 10 000:1. 

 

ɺ ʜʨʫʛʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʚ ʛʨʫʧʧʝ  ɺ.ʇ.ʉʢʫʣʘʯʝʚʘ 

[Antonenko et al. 2008] ʠʩʩʣʝʜʦʚʘʣʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ SkQ1 ʠ MitoQ ʚ 

ʣʠʧʦʩʦʤʘʭ, ʠʩʧʦʣʴʟʫʷ ʨʘʟʥʳʝ ʤʝʪʦʜʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʥʘʢʦʧʣʝʥʠʝ ʚʝʱʝʩʪʚ, ʨʝʘʛʠʨʫʶʱʠʭ ʩ ʪʠʦʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ (ʥʘʠʙʦʣʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʡ ʩʧʦʩʦʙ ʜʝʪʝʢʮʠʠ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ) ʟʘʤʝʪʥʦ 

ʟʘʤʝʜʣʷʝʪʩʷ ʚ ʧʨʠʩʫʪʩʪʚʠʠ SkQ1H2, ʘ ʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ SkQ1 ʙʳʣʘ ʟʥʘʯʠʪʝʣʴʥʦ 

ʤʝʥʝʝ ʵʬʬʝʢʪʠʚʥʘ. ɼʣʷ ʠʟʫʯʝʥʠʷ ɸʌʂ-ʟʘʚʠʩʠʤʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʙʝʣʢʦʚ ʚ 

ʤʝʤʙʨʘʥʘʭ ʙʳʣʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʤʦʜʝʣʴ, ʛʜʝ ʠʟʤʝʨʷʣʘʩʴ ʵʣʝʢʪʨʠʯʝʩʢʘʷ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʩʦʟʜʘʚʘʝʤʘʷ ʚ ʙʠʣʠʧʠʜʥʦʡ ʤʝʤʙʨʘʥʝ ʛʨʘʤʠʮʠʜʠʥʦʤ ɼ. ɹʳʣʦ 

ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʘʢʪʠʚʘʮʠʷ ʛʨʘʤʠʮʠʜʠʥʦʚʳʭ ʢʘʥʘʣʦʚ ʧʨʝʜʦʪʚʨʘʱʘʝʪʩʷ SkQ1 ʠ 

MitoQ, ʧʨʠʯʝʤ SkQ1 ʙʳʣ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʝʥ [Antonenko et al. 2008].  

ʅʘʢʦʥʝʮ, ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ SkQ1 ʥʘ 

ʜʳʭʘʪʝʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʣʠʧʠʜʦʚ ʚ ʧʝʯʝʥʠ ʢʨʳʩ ʧʦʩʣʝ ʛʠʧʦʪʝʨʤʠʯʝʩʢʦʛʦ ʭʨʘʥʝʥʠʷ ʦʨʛʘʥʘ (ʇʝʪʨʝʥʢʦ ʠ 
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ʩʦʘʚʪ., 2009). ɺ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʭʦʣʦʜʥʦʝ 

ʭʨʘʥʝʥʠʝ ʠʟʦʣʠʨʦʚʘʥʥʦʡ ʧʝʯʝʥʠ ʢʨʳʩ ʚ ʪʝʯʝʥʠʝ 18 ʯʘʩʦʚ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ 

ʧʨʦʜʫʢʪʦʚ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʩ 2-ʪʠʦʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʧʦʚʳʰʝʥʠʶ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ Fe(2+)-ʘʩʢʦʨʙʘʪ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 

ʣʠʧʠʜʦʚ ʠ ʫʛʥʝʪʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ. ʉʦʛʣʘʩʥʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʠʩʧʳʪʘʥʠʡ, SkQ1 ʜʦʟʦʟʘʚʠʩʠʤʦ ʠʥʛʠʙʠʨʫʝʪ ʘʢʪʠʚʘʮʠʶ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ ʧʦʟʠʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ 

ʩʦʧʨʷʞʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ.  

ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ c ʠʟʦʣʠʨʦʚʘʥʥʳʤʠ ʤʠʪʦʭʦʥʜʨʠʷʤʠ. ʀʟʤʝʨʝʥʥʘʷ ʦʙʱʘʷ 

ʩʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ SkQ1H2 ʦʢʘʟʘʣʘʩʴ ʥʠʞʝ, ʯʝʤ ʩʢʦʨʦʩʪʴ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ SkQ1 

ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʴʶ. ʕʪʦ ʦʟʥʘʯʘʝʪ, ʯʪʦ ʚ ʜʳʰʘʱʠʭ ʤʠʪʦʭʦʥʜʨʠʷʭ SkQ1 ʚ 

ʦʩʥʦʚʥʦʤ ʥʘʭʦʜʠʪʩʷ ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ, ʢʦʪʦʨʘʷ ʦʙʣʘʜʘʝʪ ʚʳʩʦʢʦʡ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ [Antonenko et al. 2008]. ʏʨʝʟʚʳʯʘʡʥʦ ʚʘʞʝʥ ʚʦʧʨʦʩ ʦ 

ʩʦʦʪʥʦʰʝʥʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʠ ʧʨʦʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʥʘ 

ʦʩʥʦʚʝ ʧʨʦʥʠʢʘʶʱʠʭ ʢʘʪʠʦʥʦʚ, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥʦ ʧʦ ʩʢʦʨʦʩʪʠ 

ʥʘʢʦʧʣʝʥʠʷ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ. ʉʨʘʚʥʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ, ʠʥʛʠʙʠʨʫʶʱʠʭ ʥʘʢʦʧʣʝʥʠʷ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ ʚ 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʢʨʳʩ ʧʨʠʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʝ 2. ʇʦ 

ʨʝʟʫʣʴʪʘʪʘʤ ʵʪʦʛʦ ʪʝʩʪʘ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ SkQ1 ʠ SkQR1 ʙʳʣʠ ʥʘʠʙʦʣʝʝ 

ʵʬʬʝʢʪʠʚʥʳ, ʘ MitoQ ï ʥʘʠʤʝʥʝʝ ʵʬʬʝʢʪʠʚʝʥ ʩʨʝʜʠ ʠʩʧʳʪʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ. 

ɼʠʘʧʘʟʦʥ ʢʦʥʮʝʥʪʨʘʮʠʡ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʝʪʩʷ ʠʩʢʣʶʯʠʪʝʣʴʥʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʵʬʬʝʢʪ ʜʣʷ SkQ1 ʦʢʘʟʘʣʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʰʠʨʝ (0,9ï850 ʥʄ), ʯʝʤ 

ʜʣʷ MitoQ (350ï550 ʥʄ), ʘ SkQ3 ʟʘʥʷʣ ʧʨʦʤʝʞʫʪʦʯʥʦʝ ʧʦʣʦʞʝʥʠʝ (25ï1600 ʥʄ) 

[Antonenko et al., 2008]. 

ʇʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ SkQ1, SkQ3 ʠʣʠ MitoQ ʚʳʰʝ 10
ï6

 M ʧʨʦʷʚʣʷʣʩʷ 

ʨʘʟʦʙʱʘʶʱʠʡ ʵʬʬʝʢʪ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ. ʂʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʠ ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʣʩʷ 

ʨʘʟʦʙʱʘʶʱʠʡ ʵʬʬʝʢʪ SkQ, ʙʦʣʝʝ ʯʝʤ ʚ 1000 ʨʘʟ ʧʨʝʚʳʰʘʣʠ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʨʦʷʚʣʷʣʦʩʴ ʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ ʜʝʡʩʪʚʠʝ. ɼʣʷ MitoQ ʵʪʦ çʦʢʥʦè ʙʳʣʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ [Antonenko et al., 2008]. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʝ 

ʜʝʡʩʪʚʠʝ SkQ1 ʧʨʦʷʚʣʷʣʦʩʴ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʚ ʟʘʱʠʪʝ ʦʪ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ 
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ʊʘʙʣʠʮʘ 2 ï ʂʦʥʮʝʥʪʨʘʮʠʠ ʩʦʝʜʠʥʝʥʠʡ, ʩʥʠʞʘʶʱʠʝ ʚ ʜʚʘ ʨʘʟʘ ʩʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ 

ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʢʨʳʩʳ, ʦʙʨʘʙʦʪʘʥʥʳʭ Fe2+ ʠ 

ʘʩʢʦʨʙʘʪʦʤ (ʧʦ ʖ.ʅ. ɸʥʪʦʥʝʥʢʦ ʠ ʩʦʘʚʪʦʨʘʤ (Antonenko et al., 2008)) 

 
ʉʦʝʜʠʥʝʥʠʝ C1/2, ʥM 

SkQ1 25 

SkQR1 25 

SkQ3 400 

DMQ 110 

MitoQ 1000 

ɼʝʮʠʣʧʣʘʩʪʦʭʠʥʦʥ 2000 

C12ʊʈʈ ʥʝʪ ʵʬʬʝʢʪʘ ʧʨʠ 2 000 

 

ʢʘʨʜʠʦʣʠʧʠʥʘ, ʬʦʩʬʦʣʠʧʠʜʘ ʭʘʨʘʢʪʝʨʥʦʛʦ ʜʣʷ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ 

ʤʠʪʦʭʦʥʜʨʠʡ [Antonenko et al., 2008]. ɿʥʘʯʝʥʠʝ ʵʪʦʛʦ ʬʘʢʪʘ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ 

ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʝ ʢʘʨʜʠʦʣʠʧʠʥʘ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʩʦʙʳʪʠʝʤ ʧʨʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤ ʩʪʨʝʩʩʝ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ [Tyurin et al. 2007; Basova, et al. 2007; 

Skulachev et al., 2010] ʠ ʠʥʠʮʠʠʨʫʝʪ ʘʧʦʧʪʦʟ [Choi, 2007]. ɹʣʦʢʠʨʫʷ ʵʪʦ ʦʢʠʩʣʝʥʠʝ, 

SkQ1 ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʛʠʙʝʣʴ ʢʣʝʪʦʢ. ɽʱʝ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʨʦʠʟʚʦʜʥʳʝ 

ʧʣʘʩʪʦʭʠʥʦʥʘ ʙʣʦʢʠʨʫʶʪ ʪʘʢʦʡ ʨʘʥʥʠʡ ʵʪʘʧ ʘʧʦʧʪʦʟʘ, ʢʘʢ ʬʨʘʛʤʝʥʪʘʮʠʷ 

ʤʠʪʦʭʦʥʜʨʠʡ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʣʩʷ ʧʨʠ 8 Ŀ 10
ï13

 M SkQR1 

ʠ 1 Ŀ 10
ï11

 M SkQ1.  

ʊʦʣʴʢʦ ʠʤʝʷ ʚʚʠʜʫ ʦʧʠʩʘʥʥʳʝ ʚʳʰʝ ʜʚʘ ʩʚʦʡʩʪʚʘ SkQ1, ʘ ʠʤʝʥʥʦ ï ʪʦ, ʯʪʦ ʦʥ 

ʷʚʣʷʝʪʩʷ ʚʦʟʦʙʥʦʚʣʷʝʤʳʤ ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ ʠ ʩʧʝʮʠʬʠʯʝʩʢʠ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ, ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʪʦʣʴ ʥʠʟʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ 

ʧʨʝʧʘʨʘʪʘ. ʆʜʥʘʢʦ ʵʬʬʝʢʪʠʚʥʦʝ ʥʘʢʦʧʣʝʥʠʝ ʢʘʪʠʦʥʥʳʭ ʭʠʥʦʥʦʚ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ ʫʞʝ ʚ ʤʠʢʨʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʦʥʠ ʧʨʦʷʚʣʷʶʪ 

ʧʨʦʦʢʩʠʜʘʥʪʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʠ ʩʪʠʤʫʣʠʨʫʶʪ ʘʧʦʧʪʦʟ ʚ ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ. ɺ ʩʣʫʯʘʝ MitoQ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʤʝʜʣʝʥʥʦ ʩʤʝʥʷʝʪʩʷ ʥʘ 

ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʡ ʧʨʠ ʥʝʙʦʣʴʰʦʤ ʧʦʚʳʰʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʥʦʥʘ; ʙʣʘʛʦʜʘʨʷ 

ʰʠʨʦʢʦʤʫ ʦʢʥʫ ʤʝʞʜʫ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʠ ʧʨʦʦʢʩʠʜʘʥʪʥʳʤ ʵʬʬʝʢʪʠʚʥʳʤʠ 

ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ, ʩʦʩʪʘʚʣʷʶʱʝʤʫ ʪʨʠ ʧʦʨʷʜʢʘ, SkQ1 ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʦʛʨʘʞʜʝʥ ʦʪ ʪʘʢʦʛʦ ʧʦʙʦʯʥʦʛʦ ʷʚʣʝʥʠʷ [Antonenko et al., 2008]. ɺ ʮʝʣʦʤ, 
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ʵʢʩʧʝʨʠʤʝʥʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ SkQ1 ʷʚʣʷʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʳʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ, ʯʝʤ ʜʨʫʛʠʝ ʝʛʦ ʠʩʧʳʪʘʥʥʳʝ ʘʥʘʣʦʛʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ 

ʩʯʠʪʘʪʴ SkQ1 (ʥʘʨʷʜʫ ʩ SkQR1, ʥʝʢʦʪʦʨʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʥʠʟʢʘʷ 

ʩʪʘʙʠʣʴʥʦʩʪʴ ʚʝʱʝʩʪʚʘ) ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʜʣʷ ʠʩʧʳʪʘʥʠʷ ʥʘ ʪʝʨʘʧʝʚʪʠʯʝʩʢʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʦʪʥʦʰʝʥʠʠ ʨʘʟʣʠʯʥʳʭ ʙʦʣʝʟʥʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʣʝʞʘʱʠʭ ʚ ʠʭ ʦʩʥʦʚʝ 

ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʨʘʟʚʠʪʠʠ ʢʦʪʦʨʳʭ ʟʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʠʛʨʘʝʪ 

ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʝʥʝʟʘ. 

 

1.4  ʕʬʬʝʢʪʳ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʚ ʩʚʷʟʠ ʩ 

ʨʦʣʴʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʧʘʪʦʛʝʥʝʟʝ  ʦʩʥʦʚʥʳʭ 

ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʚʷʟʘʥʥʳʭ ʩ ʥʠʤʠ ʟʘʙʦʣʝʚʘʥʠʡ ʯʝʣʦʚʝʢʘ 

ʠ ʞʠʚʦʪʥʳʭ. 

1.4.1 ɸʣʴʪʝʨʘʮʠʷ (ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʥʝʢʨʦʟ ʠ ʘʧʦʧʪʦʟ) 

ʇʦʜ ʘʣʴʪʝʨʘʮʠʝʡ ʚ ʦʙʱʝʡ ʧʘʪʦʣʦʛʠʠ ʧʨʠʷʪʦ ʧʦʥʠʤʘʪʴ ʩʦʚʦʢʫʧʥʦʩʪʴ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ ʚ ʦʪʚʝʪ ʥʘ ʨʘʟʣʠʯʥʳʝ ʧʦʚʨʝʞʜʘʶʱʠʝ 

ʚʦʟʜʝʡʩʪʚʠʷ [ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 1979;  ʉʘʨʢʠʩʦʚ, 1988, ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; 

ʃʝʢʮʠʠé, 1996; ʉʘʨʢʠʩʦʚ ʠ ʩʦʘʚʪ., 1997; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; ʃʝʢʮʠʠé, 

2003; ʇʘʫʢʦʚ, 2015]. ɺʳʜʝʣʷʶʪ ʜʚʝ ʙʦʣʴʰʠʝ ʢʘʪʝʛʦʨʠʠ ʪʘʢʠʭ ʨʝʘʢʮʠʡ: 

ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ, ʪʦ ʝʩʪʴ ʚʠʜʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʚʳʭ 

ʩʪʨʫʢʪʫʨ, ʦʪʨʘʞʘʶʱʠʝ ʥʘʨʫʰʝʥʠʷ ʠʭ ʤʝʪʘʙʦʣʠʟʤʘ, ʠ ʧʨʦʮʝʩʩʳ ʛʠʙʝʣʠ (ʥʝʢʨʦʟʘ ʚ 

ʰʠʨʦʢʦʤ ʩʤʳʩʣʝ ʵʪʦʛʦ ʩʣʦʚʘ) [ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 1979;  ʅʝʧʦʤʥʷʱʠʭ, 1991; 

ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; ʇʘʫʢʦʚ, 2015]. ʂ 

ʩʦʞʘʣʝʥʠʶ, ʧʦʥʷʪʠʝ çʜʠʩʪʨʦʬʠʠè ʠ ʩʧʠʩʦʢ ʦʪʥʦʩʷʱʠʭʩʷ ʢ ʥʝʡ ʷʚʣʝʥʠʡ, ʨʘʚʥʦ ʢʘʢ 

ʠ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ, ʠʤʝʶʪ ʥʝʢʦʪʦʨʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ ʠ ʧʦ-

ʨʘʟʥʦʤʫ ʦʧʠʩʳʚʘʶʪʩʷ ʜʘʞʝ ʚ ʫʯʝʙʥʦʡ ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʦʡ ʣʠʪʝʨʘʪʫʨʝ 

[ʐʧʝʨʣʠʥʛ, 1974; ʂʨʳʞʘʥʦʚʩʢʠʡ, 1974; ʄʦʣʜʘʚʩʢʠʡ, 1989; ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; 

ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; ʃʝʢʮʠʠé, 2003; ʇʘʫʢʦʚ, 2015].  
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ʇʦʭʦʞʠʤ ʦʙʨʘʟʦʤ ʩʠʪʫʘʮʠʷ ʦʙʩʪʦʠʪ ʠ ʩ ʛʠʙʝʣʴʶ ʢʣʝʪʦʢ, ʩʦʚʨʝʤʝʥʥʘʷ 

ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʢʦʪʦʨʦʡ, ʧʦʤʠʤʦ ʫʞʝ ʪʨʘʜʠʮʠʦʥʥʳʭ  ʜʣʷ ʧʘʪʦʣʦʛʠʠ ʥʝʢʨʦʟʘ ʠ 

ʘʧʦʧʪʦʟʘ, ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʤʥʦʞʝʩʪʚʦ ʜʨʫʛʠʭ ʚʘʨʠʘʥʪʦʚ, ʧʦʜʯʘʩ ʪʘʢʠʭ ʵʢʟʦʪʠʯʥʳʭ, 

ʢʘʢ ʵʥʪʦʟ, ʧʠʨʦʧʪʦʟ ʠ ʢʦʨʥʠʬʠʢʘʮʠʷ [Galluzzi et al., 2012], ʯʘʩʪʴ ʠʟ ʢʦʪʦʨʳʭ 

ʦʧʠʩʘʥʘ ʣʠʰʴ ʚ ʝʜʠʥʠʯʥʳʭ ʨʘʙʦʪʘʭ ʥʘ ʤʦʜʝʣʷʭ in vitro. 

ʅʝʩʤʦʪʨʷ ʥʘ ʪʘʢʫʶ ʥʝʦʧʨʝʜʝʣʝʥʥʦʩʪʴ, ʦʙʳʯʥʫʶ ʜʣʷ ʠʥʪʝʥʩʠʚʥʦ 

ʨʘʟʚʠʚʘʶʱʠʭʩʷ ʦʙʣʘʩʪʝʡ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʤʝʶʪʩʷ ʧʦʣʦʞʝʥʠʷ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ 

ʘʣʴʪʝʨʘʪʠʚʥʳʤ ʨʝʘʢʮʠʷʤ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʡ, ʢʦʪʦʨʳʝ ʧʨʠʟʥʘʶʪʩʷ ʚʩʝʤʠ ʘʚʪʦʨʘʤʠ. 

ʊʘʢ, ʥʘʧʨʠʤʝʨ, ʚ ʣʶʙʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʧʨʠʩʫʪʩʪʚʫʶʪ 

ʞʠʨʦʚʘʷ, ʛʠʘʣʠʥʦʚʦ-ʢʘʧʝʣʴʥʘʷ ʠ ʛʠʜʨʦʧʠʯʝʩʢʘ ̫ʜʠcʪʨʦʬʠʠ [ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 

1979;  ʉʘʨʢʠʩʦʚ, 1988; Faccini, J. M. 1990, ʅʝʧʦʤʥʷʱʠʭ, 1991; ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 

1995; ʃʝʢʮʠʠé, 1996; ʉʘʨʢʠʩʦʚ ʠ ʩʦʘʚʪ., 1997; Monographs on Pathology of 

Laboratory Animalsé,1983-1998; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; Goljan,  2001; 

ʃʝʢʮʠʠé, 2003; Greaves, 2007; Underwood, 2009; Haschek, 2009; Thoolen, 2010; 

Toxicologic pathologyé, 2013; ʇʘʫʢʦʚ, 2015], ʧʨʠʯʝʤ, ʤʝʭʘʥʠʟʤʦʤ ʧʝʨʚʦʡ ʠʟ ʥʠʭ 

ʩʯʠʪʘʝʪʩʷ ʠʟʙʳʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʚ ʢʣʝʪʢʫ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ ʪʨʠʛʣʠʮʝʨʠʜʦʚ, 

ʙʣʦʢʠʨʦʚʘʥʠʝ ʬʝʨʤʝʥʪʦʚ, ʦʩʫʱʝʩʪʚʣʷʶʱʠʭ ʦʢʠʩʣʝʥʠʝ  ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

ʬʝʨʤʝʥʪʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʩʠʥʪʝʟ ʬʦʩʬʦʣʠʧʠʜʦʚ ʠ ʣʠʧʦʧʨʦʪʝʠʥʦʚ; ʛʠʘʣʠʥʦʚʦ-

ʢʘʧʝʣʴʥʘʷ ʜʠʩʪʨʦʬʠʷ ʚʳʟʳʚʘʝʪʩʷ ʛʠʧʝʨʧʨʦʜʫʢʮʠʝʡ ʙʝʣʢʦʚ, ʥʘʨʫʰʝʥʠʝʤ ʠʭ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʦʣʜʠʥʛʘ ʠʣʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʧʨʦʪʝʦʩʦʤʘʣʴʥʦʡ ʠ ʣʠʟʦʩʦʤʘʣʴʥʦʡ  

ʫʪʠʣʠʟʘʮʠʠ ʙʝʣʢʦʚʳʭ ʢʦʤʧʦʥʝʥʪʦʚ; ʛʠʜʨʦʧʠʯʝʩʢʘʷ ʜʠʩʪʨʦʬʠʷ ʩʚʷʟʘʥʘ ʣʠʙʦ ʩ 

ʧʨʦʩʪʳʤ ʥʘʨʫʰʝʥʠʝʤ ʠʟʙʠʨʘʪʝʣʴʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ 

(ʥʘʧʨʠʤʝʨ, ʙʝʣʢʘʤʠ-ʧʝʨʬʦʨʠʥʘʤʠ), ʣʠʙʦ ʩ ʧʘʜʝʥʠʝʤ ʫʨʦʚʥʷ ɸʊʌ ʚ ʢʣʝʪʢʝ, 

ʩʚʷʟʘʥʥʦʡ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʜʠʩʬʫʥʢʮʠʝʡ ʤʠʪʦʭʦʥʜʨʠʡ, ʣʠʙʦ ʩ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ 

ʬʫʥʢʮʠʡ ʙʝʣʢʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʦʜʜʝʨʞʘʥʠʝ ʚʦʜʥʦ-ʠʦʥʥʦʛʦ ʙʘʣʘʥʩʘ 

[ʄʘʥʩʫʨʦʚ, ʄʠʨʦʜʞʦʚ, 1979; ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 1979;  ʃʝʙʝʜʝʚ ʠ ʩʦʘʚʪ., 1984; 

ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; Goljan, 2001; 

Majno, 2004; Greaves 2007; Underwood, 2009; Thoolen, 2010; Toxicologic 

pathologyé, 2013]. ʕʪʠ ʪʠʧʳ ʜʠʩʪʨʦʬʠʡ, ʦʙʳʯʥʦ ʥʘʙʣʶʜʘʶʱʠʝʩʷ ʚ ʢʣʝʪʢʘʭ 

ʧʘʨʝʥʭʠʤʳ ʦʨʛʘʥʦʚ, ʤʦʞʥʦ ʥʘʟʚʘʪʴ çʢʣʘʩʩʠʯʝʩʢʠʤʠ ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʤʠ 

http://www.ncbi.nlm.nih.gov/pubmed?term=Thoolen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21191096
http://www.ncbi.nlm.nih.gov/pubmed?term=Thoolen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21191096
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ʜʠʩʪʨʦʬʠʷʤʠè. ɼʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʢʣʝʪʦʯʥʳʭ ʠ ʪʢʘʥʝʚʳʭ ʨʝʘʢʮʠʡ (ʚ ʧʘʨʝʥʭʠʤʝ ʠ ʚ 

ʩʪʨʦʤʝ ʦʨʛʘʥʦʚ), ʢʘʢ ʟʝʨʥʠʩʪʘʷ ʜʠʩʪʨʦʬʠʷ, ʘʤʠʣʦʠʜʦʟ, ʢʘʣʴʮʠʥʦʟ, ʛʝʤʦʩʠʜʝʨʦʟ, 

ʣʠʧʦʬʫʩʮʠʥʦʟ, ʤʫʢʦʠʜʥʦʝ ʠ ʬʠʙʨʠʥʦʠʜʥʦʝ ʥʘʙʫʭʘʥʠʝ ʠ ʪ.ʜ. ʢʘʢ ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ 

ʠʟʤʝʥʝʥʠʷ ʧʨʠʟʥʘʶʪʩʷ ʥʝ ʚʩʝʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ [ɿʘʡʜ, ʇʦʪʘʧʦʚʘ, 1973; 

ʐʧʝʨʣʠʥʛ, 1974; ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 1979; ʅʝʧʦʤʥʷʱʠʭ, 1991; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 

2001; Goljan, 2001; ʃʝʢʮʠʠé, 2003; Majno, 2004; Underwood, 2009; Toxicologic 

pathologyé, 2013]. ʊʦ ʞʝ ʤʦʞʥʦ ʩʢʘʟʘʪʴ ʠ ʦ ʛʠʙʝʣʠ ʢʣʝʪʦʢ ʠ ʪʢʘʥʝʚʳʭ ʩʪʨʫʢʪʫʨ ï 

ʥʝʢʨʦʟ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʬʠʙʨʠʥʦʠʜʥʳʡ) ʠ ʘʧʦʧʪʦʟ ʢʘʢ ʜʚʘ ʚʘʞʥʝʡʰʠʭ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʳʭ ʚʘʨʠʘʥʪʘ ʠʤʝʶʪʩʷ ʚ ʣʶʙʳʭ ʢʣʘʩʩʠʬʠʢʘʮʠʷʭ [ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 

1995; ʃʝʢʮʠʠé, 1996; Levin, 1999; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; Majno, 2004; Greaves, 

2007; Elmore, 2007; ʄʘʥʩʢʠʭ, 2007; Underwood, 2009; Haschek, 2009; Thoolen, 

2010; Galluzzi et al., 2012; Toxicologic pathologyé, 2013; ʇʘʫʢʦʚ, 2015], ʪʦʛʜʘ ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʘʫʪʦʬʘʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʦʣʝʝ ʰʠʨʦʢʦʝ ʧʦʥʷʪʠʝ, ʯʝʤ ʧʨʦʩʪʦ 

ʧʨʦʮʝʩʩ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ [ʄʘʥʩʢʠʭ, 2007], ʤʠʪʦʪʠʯʝʩʢʘʷ ʢʘʪʘʩʪʨʦʬʘ ʠʥʦʛʜʘ 

ʩʯʠʪʘʝʪʩʷ ʚʘʨʠʘʥʪʦʤ ʘʧʦʧʪʦʟʘ, ʘ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʷʚʣʝʥʠʷ (ʘʚʪʦʰʠʟʠʩ, ʵʥʪʦʟ, 

ʧʠʨʦʧʪʦʟ ʠ ʪ.ʜ.) ʧʦʢʘ ʠʤʝʝʪ ʟʥʘʯʝʥʠʝ ʪʦʣʴʢʦ ʜʣʷ ʦʯʝʥʴ ʫʟʢʦʛʦ ʢʨʫʛʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʥʘʙʣʶʜʝʥʠʡ [Galluzzi et al., 2012]. ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ 

çʢʣʘʩʩʠʯʝʩʢʠʭè ʜʠʩʪʨʦʬʠʡ ʠ ʪʘʢʠʭ ʚʘʨʠʘʥʪʦʚ ʢʣʝʪʦʯʥʦʡ ʪʢʘʥʝʚʦʡ ʛʠʙʝʣʠ, ʢʘʢ 

ʘʧʦʧʪʦʟ ʠ ʥʝʢʨʦʟ, ʩʣʫʞʠʪ ʠʭ ʫʥʠʚʝʨʩʘʣʴʥʦʩʪʴ ï ʚʩʝ ʦʥʠ ʚʧʦʣʥʝ ʭʘʨʘʢʪʝʨʥʳ ʩʘʤʳʭ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʨʛʘʥʦʚ ï ʧʝʯʝʥʠ, ʧʦʯʝʢ, ʩʝʨʜʮʘ, ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʦʨʛʘʥʦʚ ʢʨʦʚʝʪʚʦʨʝʥʠʷ ʠ ʪ.ʜ. ʠ ʤʦʛʫʪ ʙʳʪʴ ʦʪʚʝʪʦʤ ʥʘ ʰʠʨʦʢʠʡ 

ʢʨʫʛ ʧʦʚʨʝʞʜʘʶʱʠʭ ʚʥʝʰʥʠʭ ʠ ʚʥʫʪʨʝʥʥʠʭ ʬʘʢʪʦʨʦʚ, ʪʘʢʠʭ ʢʘʢ ʠʰʝʤʠʷ, 

ʠʥʪʦʢʩʠʢʘʮʠʷ, ʚʠʨʫʩʥʳʝ ʠʥʬʝʢʮʠʠ ʠ ʪ.ʜ. ʩʧʦʩʦʙʥʳʭ ʦʢʘʟʳʚʘʪʴ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʝ 

ʧʦʚʨʝʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʬʝʨʤʝʥʪʥʳʝ ʠ ʩʠʛʥʘʣʴʥʳʝ ʩʠʩʪʝʤʳ. 

ʄʦʨʬʦʣʦʛʠʯʝʩʢʘʷ ʬʦʨʤʘ ʨʝʘʢʮʠʠ ʥʘ ʘʣʴʪʝʨʘʮʠʶ ʙʦʣʴʰʝ ʟʘʚʠʩʠʪ ʦʪ ʦʩʦʙʝʥʥʦʩʪʝʡ 

ʤʝʪʘʙʦʣʠʟʤʘ ʪʢʘʥʠ ʠ ʩʠʣʳ ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʚʦʟʜʝʡʩʪʚʠʷ, ʯʝʤ ʦʪ ʧʨʠʨʦʜʳ 

ʘʣʴʪʝʨʠʨʫʶʱʝʛʦ ʬʘʢʪʦʨʘ (ʥʘʧʨʠʤʝʨ, ʚ ʧʝʯʝʥʠ ʪʠʧʠʯʥʳʤ ʦʪʚʝʪʦʤ ʥʘ ʫʤʝʨʝʥʥʦʝ 

ʧʦʚʨʝʞʜʝʥʠʝ ʩʣʫʞʠʪ ʞʠʨʦʚʘʷ ʜʠʩʪʨʦʬʠʷ, ʧʨʠ ʙʦʣʝʝ ʩʠʣʴʥʳʭ ʚʦʟʜʝʡʩʪʚʠʷʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʘʧʦʧʪʦʟ, ʛʠʜʨʦʧʠʯʝʩʢʘʷ ʜʠʩʪʨʦʬʠʷ ʠ ʥʝʢʨʦʟ ʛʝʧʘʪʦʮʠʪʦʚ) [Thoolen, 

2010].  
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ɺʧʦʣʥʝ ʧʦʥʷʪʥʦ, ʯʪʦ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ ʠ ʤʝʪʦʜʘʤ ʝʛʦ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʦʪʚʦʜʠʪʩʷ ʦʩʦʙʦʝ ʤʝʩʪʦ ʚ ʧʘʪʦʛʝʥʝʟʝ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʦʩʥʦʚʝ 

ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʨʘʟʥʦʦʙʨʘʟʥʳʝ ʘʣʴʪʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ (ʠʰʝʤʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ 

ʩʝʨʜʮʘ, ʮʝʨʝʙʨʦʚʘʩʢʫʣʷʨʥʘʷ ʙʦʣʝʟʥʴ, ʠʰʝʤʠʷ ʧʦʯʝʢ, ʪʦʢʩʠʯʝʩʢʘʷ ʜʠʩʪʨʦʬʠʷ 

ʧʝʯʝʥʠ, ʧʦʯʝʢ ʠ ʤʠʦʢʘʨʜʘ, ʮʠʪʦʩʪʘʪʠʯʝʩʢʘʷ ʠ ʣʫʯʝʚʘʷ ʙʦʣʝʟʥʠ, ʩʘʭʘʨʥʳʡ ʜʠʘʙʝʪ, 

ʚʠʨʫʩʥʳʡ ʛʝʧʘʪʠʪ ʠ ʤʥʦʛʠʝ ʜʨʫʛʠʝ) [Halliwell, 1984; Katz, 1986; Halliwell, 1987; 

Flaherty, Weisfeldt, 1988; Halliwell, 1989;  Halliwell, Gutteridge, 1990; ʃʦʛʠʥʦʚ, 

ʄʘʪʶʰʠʥ, 1991; Aruoma et al., 1991; Harman, 1992; Martínez-Cayuela, 1995; Gupta 

et al., 2014]. ʅʘʠʙʦʣʴʰʝʝ ʚʥʠʤʘʥʠʝ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʧʨʠʚʣʝʢʘʣʠ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʧʨʠ ʠʰʝʤʠʯʝʩʢʦʤ ʠ ʛʠʧʦʢʩʠʯʝʩʢʦʤ ʧʦʚʨʝʞʜʝʥʠʠ 

ʪʢʘʥʝʡ, ʦʩʦʙʝʥʥʦ ʚ ʩʠʪʫʘʮʠʠ ʨʝʦʢʩʠʛʝʥʘʮʠʠ (ʨʝʧʝʨʬʫʟʠʠ), ʩ ʢʦʪʦʨʦʡ ʩʚʷʟʘʥ 

ʬʝʥʦʤʝʥ ʛʠʧʝʨʧʨʦʜʫʢʮʠʠ ɸʌʂ ʚ ʪʢʘʥʷʭ, ʧʝʨʝʥʝʩʰʠʭ ʠʰʝʤʠʶ. ʇʨʦʙʣʝʤʘ 

ʦʙʨʘʟʦʚʘʥʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʠ ʛʠʧʦʢʩʠʠ ʫʞʝ ʙʳʣʘ ʫʧʦʤʷʥʫʪʘ ʚ ʨʘʟʜʝʣʝ 

1.2.3, ʠ ʙʳʣʦ ʦʪʤʝʯʝʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʠʥʪʝʥʩʠʚʥʫʶ ʨʘʟʨʘʙʦʪʢʫ ʵʪʦʛʦ ʚʦʧʨʦʩʘ, 

ʤʝʭʘʥʠʟʤ ʛʝʥʝʨʘʮʠʠ ɸʌʂ ʚʩʝ ʝʱʝ ʦʩʪʘʝʪʩʷ ʟʘʛʘʜʦʯʥʳʤ. ʊʦ ʞʝ ʩʘʤʦʝ ʤʦʞʥʦ 

ʩʢʘʟʘʪʴ ʠ ʦ ʚʩʧʣʝʩʢʝ ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʧʨʠ ʨʝʧʝʨʬʫʟʠʠ, ʥʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʨʦʣʴ 

ɸʌʂ ʚ ʨʘʟʚʠʪʠʠ  ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ, ʥʝʢʨʦʪʠʯʝʩʢʠʭ ʠ ʘʧʦʧʪʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʪʢʘʥʷʭ, ʧʝʨʝʥʝʩʰʠʭ ʛʠʧʦʢʩʠʶ ʠ ʧʦʜʚʝʨʛʥʫʚʰʠʭʩʷ ʘʣʴʪʝʨʘʮʠʠ ʧʦʩʣʝ 

ʨʝʦʢʩʠʛʝʥʘʮʠʠ, ʥʝ ʧʦʜʣʝʞʠʪ ʩʦʤʥʝʥʠʶ [ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 1979;  ʉʪʨʫʢʦʚ, 

ʉʝʨʦʚ, 1995; ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; ʇʨʦʩʢʫʨʷʢʦʚ ʠ ʩʦʘʚʪ., 

2002; ʃʝʢʮʠʠé, 2003; Underwood, 2009]. ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʚʢʣʘʜ ʚ ʛʝʥʝʨʘʮʠʶ 

ɸʌʂ ʚʦ ʚʨʝʤʷ ʨʝʧʝʨʬʫʟʠʠ ʩʚʷʟʘʥ, ʢʘʢ ʧʦʣʘʛʘʶʪ,  ʩ ʨʝʟʢʠʤ ʨʦʩʪʦʤ ʧʦʪʨʝʙʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʫʪʝʯʢʠ ʵʣʝʢʪʨʦʥʦʚ 

ʠʟ ʵʣʝʢʪʨʦʥʥʦʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ (ʩʤ. ʨʘʟʜʝʣ 1.2) [Murphy, 2009]. ɼʨʫʛʠʤʠ 

ʠʩʪʦʯʥʠʢʘʤʠ ʨʘʜʠʢʘʣʦʚ ʧʨʠ ʨʝʧʝʨʬʫʟʠʦʥʥʦʤ ʧʦʚʨʝʞʜʝʥʠʠ ʩʣʫʞʘʪ ʨʝʘʢʮʠʠ, 

ʢʘʪʘʣʠʟʠʨʫʝʤʳʝ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʦʡ, ʧʨʦʦʢʩʠʜʘʥʪʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʡ ʪʘʢʞʝ 

ʟʘʚʠʩʠʪ ʦʪ ʬʘʢʪʦʨʘ, ʚʳʩʚʦʙʦʞʜʘʶʱʝʛʦʩʷ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ ʥʘʨʫʰʝʥʠʠ ʠʭ 

ʮʝʣʦʩʪʥʦʩʪʠ [Flaherty, Weisfeldt, 1988; Martínez-Cayuela, 1995; Saksela et al., 1999] 

ʠ ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʦʡ. ʂʨʦʤʝ ʪʦʛʦ, ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʜʫʢʮʠʶ ɸʌʂ ʚ ʦʯʘʛʘʭ 

ʠʰʝʤʠʠ ʦʢʘʟʳʚʘʶʪ ʢʣʝʪʢʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʠʥʬʠʣʴʪʨʘʪʘ (ʩʤ. 1.4.2), ʚʳʟʳʚʘʝʤʦʝ 
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ʠʤʠ ʧʦʚʨʝʞʜʝʥʠʝ ʧʨʠʥʷʪʦ ʥʘʟʳʚʘʪʴ ʚʪʦʨʠʯʥʦʡ ʘʣʴʪʝʨʘʮʠʝʡ. ɺ ʥʝʨʚʥʦʡ ʪʢʘʥʠ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʧʦʚʨʝʞʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ ʧʨʦʠʟʚʦʜʷʪ ʘʢʪʠʚʠʨʫʝʤʳʝ 

ʩʚʦʙʦʜʥʳʤʠ ʨʘʜʠʢʘʣʘʤʠ ʧʨʦʮʝʩʩʳ ʵʢʩʘʡʪʦʪʦʢʩʠʯʥʦʩʪʠ  [Halliwell, Gutteridge, 

1984; ʏʫʛʫʥʦʚ ʠ ʩʦʘʚʪ., 2009]. ʆʙʨʘʟʫʶʱʠʝʩʷ ɸʌʂ ʧʦʚʨʝʞʜʘʶʪ ʬʝʨʤʝʥʪʘʪʠʚʥʳʝ 

ʩʠʩʪʝʤʳ ʢʣʝʪʢʠ, ʧʨʠʚʦʜʷ ʢ ʞʠʨʦʚʦʡ ʜʠʩʪʨʦʬʠʠ (ʚ ʧʝʯʝʥʠ ʠ ʚ ʤʠʦʢʘʨʜʝ), 

ʠʥʛʠʙʠʨʫʶʪ ʬʝʨʤʝʥʪʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʠʦʥʥʳʡ ʛʦʤʝʦʩʪʘʟ ʠ ʥʘʨʫʰʘʶʪ 

ʠʟʙʠʨʘʪʝʣʴʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ (ʛʠʜʨʦʧʠʯʝʩʢʘʷ ʜʠʩʪʨʦʬʠʷ ʠ 

ʥʝʢʨʦʟ ʚ ʧʦʯʢʘʭ, ʩʝʨʜʮʝ, ʧʝʯʝʥʠ, ʤʦʟʛʝ), ʥʘʨʫʰʘʶʪ ʥʦʨʤʘʣʴʥʫʶ ʢʦʥʬʦʨʤʘʮʠʶ 

ʙʝʣʢʦʚ ʠ ʤʘʢʨʦʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ (ʛʠʘʣʠʥʦʚʦ-ʢʘʧʝʣʴʥʘʷ ʜʠʩʪʨʦʬʠʷ ʚ ʧʝʯʝʥʠ 

ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʘʭ), ʚʳʟʳʚʘʶʪ ʧʦʚʨʝʞʜʝʥʠʝ ʤʝʤʙʨʘʥ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʜʨʫʛʠʭ 

ʦʨʛʘʥʝʣʣ, ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʧʦʧʪʦʟ-ʠʥʠʮʠʠʨʫʶʱʠʭ ʬʘʢʪʦʨʦʚ ʠ 

ʜʝʧʦʥʠʨʦʚʘʥʥʳʭ ʚ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʩʝʪʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʨʘʟʨʳʚʳ ʚ ɼʅʂ, ʯʪʦ 

ʟʘʚʝʨʰʘʝʪʩʷ ʘʢʪʠʚʘʮʠʝʡ ʨʷʜʘ ʧʨʦʪʝʠʥʢʠʥʘʟ, ʬʦʩʬʦʣʠʧʘʟ, ʠ ʛʠʜʨʦʣʘʟ ʠ, ʚ 

ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ï ʘʧʦʧʪʦʟʦʤ ʠʣʠ ʥʝʢʨʦʟʦʤ ʢʣʝʪʦʢ [ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 1979; 

ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; ʇʨʦʩʢʫʨʷʢʦʚ ʠ 

ʩʦʘʚʪ., 2002; ʃʝʢʮʠʠé, 2003; Majno, 2004; ʄʘʥʩʢʠʭ, 2007; Underwood, 2009; 

ʏʘʩʦʚʩʢʠʭ, 2009; Thoolen, 2010; ʇʘʫʢʦʚ, 2015]. 

ʇʦʜʦʙʥʳʝ ʩʮʝʥʘʨʠʠ ʨʘʟʚʠʪʠʷ ʘʣʴʪʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʩ ʫʯʘʩʪʠʝʤ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʨʝʘʢʮʠʡ, ʚʳʟʚʘʥʥʳʭ ɸʌʂ,  ʦʧʠʩʘʥʳ ʥʝ ʪʦʣʴʢʦ ʜʣʷ 

ʩʠʪʫʘʮʠʠ ʩ ʠʰʝʤʠʯʝʩʢʠʤ ʠ ʨʝʧʝʨʬʫʟʠʦʥʥʳʤ ʧʦʚʨʝʞʜʝʥʠʝʤ ʪʢʘʥʝʡ, ʥʦ ʠ ʜʣʷ 

ʜʨʫʛʠʭ ʧʦʚʨʝʞʜʘʶʱʠʭ ʘʛʝʥʪʦʚ ï ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʨʘʚʤʳ [Halliwell, 1987 Halliwell, 

Gutteridge, 1990], ʠʦʥʠʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʠ [ʈʷʙʯʝʥʢʦ, 1979; ʂʦʤʘʨ, ʍʘʥʩʦʥ, 1980; 

ʊʠʤʦʬʝʝʚ ï ʈʝʩʦʚʩʢʠʡ ʠ ʩʦʘʚʪ., 1980; Halliwell, 1987; Aruoma et al., 1991; Harman, 

1992; Martínez-Cayuela, 1995; ʇʨʘʟʜʥʦʚʘ, 2013], ʵʥʜʦʛʝʥʥʳʭ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ 

ʬʘʢʪʦʨʦʚ (ʪʘʢʠʭ, ʢʘʢ ʘʤʠʣʦʠʜʥʳʝ ʙʝʣʢʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ) 

[Halliwell, Gutteridge, 1990; Harman, 1992; Martínez-Cayuela, 1995], ʨʘʟʣʠʯʥʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ (ʘʣʣʦʢʩʘʥʘ, ʧʨʝʧʘʨʘʪʦʚ-ʮʠʪʦʩʪʘʪʠʢʦʚ, ʵʪʘʥʦʣʘ, 

ʧʘʨʘʮʝʪʘʤʦʣʘ, ʪʠʦʘʮʝʪʘʤʠʜʘ, ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ ʠ ʜʨ.), ʚʠʨʫʩʥʳʭ 

ʠʥʬʝʢʮʠʡ [Halliwell, 1987; Halliwell, Gutteridge, 1990; Aruoma et al., 1991; 

Martínez-Cayuela, 1995]. ʇʨʘʚʜʘ, ʩʪʦʠʪ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ ʙʦʣʴʰʝ 
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ʠʟʚʝʩʪʥʦ ʦ ʮʠʪʦʟʦʣʴʥʳʭ ʠ ʤʠʢʨʦʩʦʤʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʘʭ ʧʨʦʜʫʢʮʠʠ ɸʌʂ, ʯʝʤ ʦ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ [Halliwell, 1987, Halliwell, Gutteridge, 1990; Aruoma et al., 1991; 

Martínez-Cayuela, 1995]. ʅʘʢʦʧʣʝʥʦ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʠʥʬʦʨʤʘʮʠʠ ʦ ʧʦʟʠʪʠʚʥʦʡ 

ʨʦʣʠ ʢʣʘʩʩʠʯʝʩʢʠʭ, ʥʝ ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ  ʤʠʪʦʭʦʥʜʨʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

(ʪʦʢʦʬʝʨʦʣʘ, ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʜʨ.) ʧʨʠ ʘʣʴʪʝʨʘʪʠʚʥʦʡ ʧʘʪʦʣʦʛʠʠ [Harman, 

1992; Gupta et al., 2014], ʦʜʥʘʢʦ ʥʠ ʦʜʠʥ ʠʟ ʥʠʭ ʥʝ ʚʦʰʝʣ ʚ ʧʦʚʩʝʜʥʝʚʥʫʶ 

ʢʣʠʥʠʯʝʩʢʫʶ ʧʨʘʢʪʠʢʫ. 

ɹʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʦʦʙʱʝʥʠʡ ʦʙ ʵʬʬʝʢʪʘʭ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʪʘʨʛʝʪʠʨʦʚʘʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ, ʦʢʘʟʳʚʘʝʤʳʭ ʥʘ ʩʚʷʟʘʥʥʳʝ ʩ 

ʘʣʴʪʝʨʘʮʠʝʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ ʠ ʘʣʴʪʝʨʘʪʠʚʥʳʝ 

ʧʨʦʮʝʩʩʳ ʚ ʢʣʝʪʢʘʭ ʠ ʦʨʛʘʥʘʭ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ ʥʘ ʘʧʦʧʪʦʟ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʚ 

ʢʣʝʪʢʘʭ in vitro ʠ ʥʘ ʧʦʚʨʝʞʜʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʠʰʝʤʠʝʡ ʠ ʨʝʧʝʨʬʫʟʠʝʡ ex vivo ʠ in 

vivo. ʇʨʘʚʜʘ, ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʙʦʣʴʰʠʥʩʪʚʝ ʨʘʙʦʪ ʥʝ ʩʪʘʚʠʣʦʩʴ ʩʧʝʮʠʘʣʴʥʦʡ 

ʟʘʜʘʯʠ ʠʟʫʯʠʪʴ ʦʩʦʙʝʥʥʦʩʪʠ ʠ ʜʠʥʘʤʠʢʫ ʪʢʘʥʝʚʳʭ (ʛʠʩʪʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ) 

ʠʟʤʝʥʝʥʠʡ, ʚʳʟʚʘʥʥʳʭ ʘʣʴʪʝʨʠʨʫʶʱʠʤ ʘʛʝʥʪʦʤ; ʚʦ ʤʥʦʛʠʭ ʩʣʫʯʘʷʭ ʦ ʪʘʢʠʭ 

ʵʬʬʝʢʪʘʭ ʧʨʠʭʦʜʠʪʩʷ ʩʫʜʠʪʴ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʦʣʫʯʝʥʥʳʭ ʘʚʪʦʨʘʤʠ ʢʦʩʚʝʥʥʳʭ 

ʜʘʥʥʳʭ (ʙʠʦʭʠʤʠʯʝʩʢʠʭ, ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ).  

ʉʨʝʜʠ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʝʨʚʦʝ ʤʝʩʪʦ ʧʨʠʥʘʜʣʝʞʠʪ MitoQ (ʩʤ. 

ʪʘʙʣʠʮʫ 1). ʅʘ ʤʦʜʝʣʷʭ in vitro ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ ʫʩʧʝʰʥʦ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʘʧʦʧʪʦʟ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʧʝʨʦʢʩʠʜʦʤ ʚʦʜʦʨʦʜʘ ʚ ʢʣʝʪʢʘʭ 

ʦʩʪʝʦʩʘʨʢʦʤʳ 143B [Keiso et al., 2001], ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʢʣʝʪʢʘʭ 

ʛʝʧʘʪʦʤʳ [Jadidian et al., 2014], ʛʝʥʪʘʤʠʮʠʥʦʤ ʚ ʣʠʥʠʠ ʢʣʝʪʦʢ ʠʟ ʢʦʨʪʠʝʚʘ ʦʨʛʘʥʘ 

[Ojano-Dirain, et al., 2012], 6-ʛʠʜʨʦʢʩʠʜʦʧʘʤʠʥʦʤ ʚ ʢʣʝʪʢʘʭ ʣʠʥʠʠ SH-SY5Y [Solesio 

et al., 2013], ʛʠʧʝʨʛʣʠʢʝʤʠʝʡ ʚ ʙʝʪʘ-ʢʣʝʪʢʘʭ ʦʩʪʨʦʚʢʦʚ ʃʘʥʛʝʨʛʘʥʩʘ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ [Lim et al., 2011], 2-ʤʝʪʦʢʩʠʵʩʪʨʘʜʠʦʣʦʤ ʚ ʢʣʝʪʢʘʭ 

ʥʝʡʨʦʙʣʘʩʪʦʤʳ [Zhang et al., 2011], ʙʝʪʘ-ʘʤʠʣʦʠʜʦʤ ʚ ʥʝʡʨʦʥʘʭ [Manczak et al., 

2010], ʛʠʧʦʭʣʦʨʥʦʡ ʢʠʩʣʦʪʦʡ ʚ ʢʣʝʪʢʘʭ ʬʝʪʘʣʴʥʦʡ ʧʝʯʝʥʠ [Whiteman et al., 2008], 

ʤʫʪʘʮʠʷʤʠ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʛʝʥʦʤʝ [Jou et al., 2007], ʚʦʟʜʝʡʩʪʚʠʝʤ ʥʘ 

ʨʝʮʝʧʪʦʨ ʥʝʡʪʨʦʪʨʦʬʠʥʘ ʚ ʵʤʙʨʠʦʥʘʣʴʥʳʭ ʤʦʪʦʥʝʡʨʦʥʘʭ [Pehar et al., 2007], 

ʠʥʬʨʘʢʨʘʩʥʳʤ ʠ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠʟʣʫʯʝʥʠʝʤ ʚ ʬʠʙʨʦʙʣʘʩʪʘʭ [Schroeder et al., 
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2007; Oyewole et al., 2014], ʜʦʢʦʟʦʛʝʢʩʘʝʥʦʝʚʦʡ ʢʠʩʣʦʪʦʡ ʠ ʙʫʪʠʨʘʪʦʤ ʚ 

ʠʤʤʦʨʪʘʣʠʟʦʚʘʥʥʳʭ ʢʦʣʦʥʦʮʠʪʘʭ [Ng et al., 2005], ʙʝʩʩʳʚʦʨʦʪʦʯʥʦʡ ʩʨʝʜʦʡ ʚ 

ʢʣʝʪʢʘʭ ʬʝʦʭʨʦʤʦʮʠʪʦʤʳ [Galeotti et al., 2005] ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʩʠʥʪʝʟʘ 

ʛʣʶʪʘʪʠʦʥʘ ʚ ʬʠʙʨʦʙʣʘʩʪʘʭ ʙʦʣʴʥʳʭ ʘʪʘʢʩʠʝʡ ʌʨʠʜʨʠʭʘ [Jauslin et al., 2003]. 

ɺʧʨʦʯʝʤ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʠʤʝʶʪʩʷ ʠ ʧʨʦʪʠʚʦʧʦʣʦʞʥʳʝ ʫʢʘʟʘʥʠʷ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʳʤ 

MitoQ ʚ ʨʷʜʝ ʤʦʜʝʣʴʥʳʭ ʩʠʩʪʝʤ ʥʝ ʠʥʛʠʙʠʨʫʝʪ ʘʧʦʧʪʦʟ ʠ ʜʘʞʝ ʩʘʤ ʚʳʩʪʫʧʘʝʪ ʚ 

ʢʘʯʝʩʪʚʝ ʠʥʜʫʢʪʦʨʘ ʘʧʦʧʪʦʟʘ ʠ ʘʫʪʦʬʘʛʠʠ, ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ  ʟʘ ʩʯʝʪ ʩʚʦʠʭ 

ʧʨʦʦʢʩʠʜʘʥʪʥʳʭ ʩʚʦʡʩʪʚ [Doughan, Dikalov, 2007; Jarvis et al., 2007; Leo et al., 

2008; Mustapha et al., 2010; Vlachantoni et al., 2011; Gonzalez et al., 2014; Jadidian et 

al., 2014]. ʉʦʦʙʱʘʣʦʩʴ ʪʘʢʞʝ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ in vitro, ʚ ʢʦʪʦʨʳʭ 

MitoQ ʢʘʢ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʡ ʘʛʝʥʪ ʠ ʠʥʛʠʙʠʪʦʨ ʘʧʦʧʪʦʟʘ ʙʳʣ ʟʘʤʝʪʥʦ ʩʣʘʙʝʝ 

ʪʘʢʠʭ ʚʝʱʝʩʪʚ, ʢʘʢ ʤʝʣʘʪʦʥʠʥ ʠ ʪʠʨʦʥ [Oyewole et al., 2014; Jou et al., 2007].  

ʅʘ ʤʦʜʝʣʷʭ in vivo ʠ ex vivo ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ 

ʘʣʴʪʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ (ʛʠʙʝʣʴ ʢʣʝʪʦʢ) ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ MitoQ. 

ʕʪʦ ʦʪʥʦʩʠʪʩʷ ʢ ʛʝʤʘʪʦʣʦʛʠʯʝʩʢʠʤ ʧʨʦʷʚʣʝʥʠʷʤ (ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʠ) ʧʨʠ ʣʫʯʝʚʦʡ 

ʙʦʣʝʟʥʠ [Ramsey et al., 2014], ʘʤʠʦʪʨʦʬʠʯʝʩʢʦʤʫ ʣʘʪʝʨʘʣʴʥʦʤʫ ʩʢʣʝʨʦʟʫ [Miquel 

et al., 2014], ʜʨʫʛʠʤ ʥʝʡʨʦʜʝʛʝʥʝʨʘʪʠʚʥʳʤ ʨʘʩʩʪʨʦʡʩʪʚʘʤ [Chaturvedi, Beal, 2008; 

Hobbs et al., 2008; McManus et al., 2011; Wani et al., 2011; Orsucci et al., 2011]  (ʧʨʠ 

ʢʦʪʦʨʳʭ ʧʨʦʩʪʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʜʘʶʪ ʦʯʝʥʴ ʦʛʨʘʥʠʯʝʥʥʳʡ ʵʬʬʝʢʪ [Giordano et 

al., 2013], ʦʪʦʪʦʢʩʠʯʝʩʢʦʤʫ ʜʝʡʩʪʚʠʶ ʛʝʥʪʘʤʠʮʠʥʘ [Ojano-Dirain et al.,  2014], 

ʥʝʬʨʦʧʘʪʠʠ, ʚʳʟʚʘʥʥʦʡ ʮʠʩʧʣʘʪʠʥʦʤ [Mukhopadhyay et al., 2012], 

ʘʜʨʠʘʤʠʮʠʥʦʚʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ [Smith, Murphy, 2010],  ʧʨʠʟʥʘʢʘʤ ʘʣʴʪʝʨʘʮʠʠ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʧʦʯʝʯʥʳʭ ʪʨʘʥʩʧʣʘʥʪʘʥʪʦʚ ʧʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ [Mitchell et al., 

2011; Parajuli et al., 2012], ʧʦʚʨʝʞʜʝʥʠʶ ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ, ʚʳʟʚʘʥʥʦʤʫ 

ʦʢʩʠʜʘʪʠʚʥʳʤ ʩʪʨʝʩʩʦʤ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʚʦʟʜʝʡʩʪʚʠʠ [Wolff  et al., 2013], 

ʠʰʝʤʠʯʝʩʢʦʤʫ ʠ ʨʝʧʝʨʬʫʟʠʦʥʥʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʧʝʯʝʥʠ [Mukhopadhyay et al., 

2012] ʠ ʤʠʦʢʘʨʜʘ [Adlam et al., 2005; Neuzil et al., 2007], ʥʘʯʘʣʴʥʳʤ ʧʨʠʟʥʘʢʘʤ 

ʘʧʦʧʪʦʟʘ, ʚʳʟʚʘʥʥʳʤ ʚ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ ʦʙʲʝʤʥʦʡ ʧʝʨʝʛʨʫʟʢʦʡ ʩʝʨʜʮʘ [Gladden et 

al., 2011]. ʀʟ ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠʟʫʯʝʥʦ ʪʦʣʴʢʦ ʚʣʠʷʥʠʝ MitoQ ʥʘ 

ʪʦʢʩʠʯʝʩʢʫʶ (ʘʣʢʦʛʦʣʴʥʫʶ) ʞʠʨʦʚʫʶ ʜʠʩʪʨʦʬʠʶ ʧʝʯʝʥʠ, ʚʳʨʘʞʝʥʥʦʩʪʴ ʢʦʪʦʨʦʡ 
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ʫʤʝʥʴʰʘʣʘʩʴ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ ʧʨʝʧʘʨʘʪʘ [Chacko et al., 2011]. ʄʝʭʘʥʠʟʤ 

ʜʝʡʩʪʚʠʷ MitoQ ʥʘ ʧʨʦʮʝʩʩʳ ʘʣʴʪʝʨʘʮʠʠ ʩʚʷʟʳʚʘʶʪ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʩ ʝʛʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝʤ ʨʝʜʦʢʩ-ʟʘʚʠʩʠʤʳʭ ʩʠʛʥʘʣʴʥʳʭ 

ʧʨʦʮʝʩʩʦʚ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ, ʪʘʢʠʤʠ, ʢʘʢ ʫʢʦʨʦʯʝʥʠʝ ʪʝʣʦʤʝʨ, 

ʧʦʩʣʝʜʩʪʚʠʷ ʘʢʪʠʚʘʮʠʠ ʅɸɼʌ-ʅ-ʦʢʩʠʜʘʟʳ ʠ ʢʩʘʥʪʠʥʦʢʩʠʜʘʟʳ, ʦʪʢʨʳʪʠʝ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʧʦʨʳ (mPTP), ʪʨʘʥʩʣʦʢʘʮʠʷ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʦʛʦ ʙʝʣʢʘ Bax ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ ʠ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʝʞʜʫ ʢʣʝʪʦʯʥʳʤʠ 

ʢʦʤʧʘʨʪʤʝʥʪʘʤʠ [Saretzki et al., 2003; Valencia et al., 2006; Lowes et al., 2009; 

Cuperus, et al., 2010; Schmidt et al., 2010;  Gladden et al., 2011; Davidson, et al. 2012; 

Solesio et al., 2013; Sun et al., 2014]. ɼʝʡʩʪʚʠʷ MitoQ ʥʘ ʧʨʦʮʝʩʩʳ ʬʠʙʨʠʥʦʠʜʥʦʛʦ 

ʥʝʢʨʦʟʘ ʠ ʩʪʨʦʤʘʣʴʥʳʝ ʜʠʩʪʨʦʬʠʠ ʩʧʝʮʠʘʣʴʥʦ ʥʠʢʝʤ ʥʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ, ʦʜʥʘʢʦ, 

ʠʤʝʶʪʩʷ ʫʢʘʟʘʥʠʷ ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʵʪʠʤ ʧʨʝʧʘʨʘʪʦʤ ʵʢʩʧʨʝʩʩʠʠ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟ 

ʚ ʬʠʙʨʦʙʣʘʩʪʘʭ, ʚʳʟʚʘʥʥʦʡ ʬʨʘʛʤʝʥʪʘʮʠʝʡ ʢʦʣʣʘʛʝʥʦʚʳʭ ʚʦʣʦʢʦʥ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʦʨʦʯʥʦʛʦ ʢʨʫʛʘ, ʧʨʠʚʦʜʷʱʝʛʦ ʢ ʫʩʫʛʫʙʣʝʥʠʶ 

ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ [Fisher et al., 2009]. 

ʇʫʙʣʠʢʘʮʠʡ, ʧʦʩʚʷʱʝʥʥʳʭ ʚʣʠʷʥʠʶ ʥʘ ʘʣʴʪʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʧʨʦʥʠʢʘʶʱʠʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ï ʧʨʦʠʟʚʦʜʥʳʭ ʧʣʘʩʪʦʭʠʥʦʥʘ 

(SkQ1, SkQR1, SkQBerb, SkQPalm ʠ ʜʨ.) ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʘʥʘʣʦʛʠʯʥʳʭ 

ʨʘʙʦʪ ʩ ʨʘʙʦʪ ʩ MitoQ, ʦʜʥʘʢʦ ʨʝʟʫʣʴʪʘʪʳ ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʟʘʩʣʫʞʠʚʘʶʪ ʩʘʤʦʛʦ 

ʧʨʠʩʪʘʣʴʥʦʛʦ ʚʥʠʤʘʥʠʷ. In vitro ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʥʘʥʦʤʦʣʷʨʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ SkQ1, SkQR1, SkQBerb, SkQPalm ʢʘʢ ʠʥʛʠʙʠʪʦʨʦʚ 

ʘʧʦʧʪʦʟʘ ʠ ʝʛʦ ʨʘʥʥʝʡ ʩʪʘʜʠʠ ï ʜʨʦʙʣʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ ï ʚʳʟʚʘʥʥʳʭ ʧʝʨʦʢʩʠʜʦʤ 

ʚʦʜʦʨʦʜʘ ʠ ʜʨʫʛʠʤʠ ʚʦʟʜʝʡʩʪʚʠʷʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʝ ʠʟʣʫʯʝʥʠʝ, 

TNFŬ ʠ ʙʝʣʦʢ p66shc ʚ ʢʣʝʪʢʘʭ ʩʘʤʦʛʦ ʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ [Izyumov et al., 

2004; Skulachev, 2005;  Chernyak et al., 2006; Pletjushkina et al., 2006; Pletjushkina et 

al., 2006; Antonenko et al., 2008; Plotnikov et al., 2008; ʌʝʪʠʩʦʚʘ ʠ ʩʦʘʚʪ., 2010; 

Fetisova et al., 2010; Skulachev, 2011; Skulachev et al., 2011; ʌʝʪʠʩʦʚʘ ʠ ʩʦʘʚʪ., 

2011; Lyamzaev et al., 2011; Zorov et al., 2013; Galimov et al., 2014], ʧʨʠʯʝʤ ʨʘʟʥʠʮʘ 

ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ʧʨʝʧʘʨʘʪʦʚ ʩ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ ʠ ʧʨʦʦʢʩʠʜʘʥʪʥʳʤ 

(ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʠʤ) ʵʬʬʝʢʪʘʤʠ ʩʦʩʪʘʚʣʷʣʘ 1000 ʨʘʟ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʫʞʠʣʠ 
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ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʜʝʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʧʣʘʩʪʦʭʠʥʦʥʘ ʥʘ ʤʦʜʝʣʷʭ ʘʣʴʪʝʨʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ  in 

vivo ʠ ex vivo, ʦʩʦʙʝʥʥʦ ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ, ʤʠʦʢʘʨʜʝ ʠ ʚ ʧʦʯʢʘʭ. ʊʘʢ, ʚ ʦʙʰʠʨʥʦʡ 

ʨʘʙʦʪʝ ʃ.ɽ. ɹʘʢʝʝʚʦʡ ʠ  ʩʦʘʚʪʦʨʦʚ [Bakeeva et al., 2008] ʠʩʩʣʝʜʦʚʘʥʦ ʜʝʡʩʪʚʠʝ 

SkQ1 ʠ 10-(6'-ʧʣʘʩʪʦʣʭʠʥʦʥʠʣ) ʜʝʮʠʣʨʦʜʘʤʠʥʘ (SkQR1) ex vivo ʠ in vivo ʥʘ 

ʢʨʳʩʠʥʳʭ ʤʦʜʝʣʷʭ ʠʥʬʘʨʢʪʘ ʧʦʯʢʠ ʠ ʩʝʨʜʮʘ, ʚʳʟʚʘʥʥʳʭ ʠʰʝʤʠʝʡ/ʨʝʧʝʨʬʫʟʠʝʡ, ʘ 

ʪʘʢ ʞʝ ʠʰʝʤʠʯʝʩʢʦʛʦ ʠʥʩʫʣʴʪʘ. ʆʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʦʝʜʠʥʝʥʠʡ ʚ ʦʪʥʦʰʝʥʠʠ 

ʘʣʴʪʝʨʘʪʠʚʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʫʜʠʣʠ ʧʦ ʨʘʟʤʝʨʘʤ ʦʯʘʛʘ ʧʦʨʘʞʝʥʠʷ, ʚʳʞʠʚʘʝʤʦʩʪʠ 

ʞʠʚʦʪʥʳʭ ʠ ʫʨʦʚʥʶ ʤʘʨʢʝʨʥʳʭ ʬʝʨʤʝʥʪʦʚ ʚ ʢʨʦʚʠ. ɺʦ ʚʩʝʭ ʧʝʨʝʯʠʩʣʝʥʥʳʭ 

ʤʦʜʝʣʷʭ SkQ1 ʠʣʠ SkQR1 ʦʢʘʟʳʚʘʣʠ ʟʘʤʝʪʥʦʝ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʢʦʥʮʝʥʪʨʘʮʠʠ SkQ1 ʧʦʨʷʜʢʘ 125ï250 ʥʤʦʣʴ/ʢʛ ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ 2ï3 ʥʝʜʝʣʴ 

ʫʤʝʥʴʰʘʶʪ ʨʘʟʤʝʨ ʠʥʬʘʨʢʪʥʦʡ ʟʦʥʳ, ʚʳʟʚʘʥʥʦʡ ʠʰʝʤʠʝʡ/ʨʝʧʝʨʬʫʟʠʝʡ ʩʝʨʜʮʘ in 

vivo, ʠ ʩʥʠʞʘʶʪ ʩʦʜʝʨʞʘʥʠʝ ʚ ʢʨʦʚʠ ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ ʩʝʨʜʝʯʥʦʡ ʠʟʦʬʦʨʤʳ 

ʢʨʝʘʪʠʥʢʠʥʘʟʳ, ʫʨʦʚʝʥʴ ʢʦʪʦʨʳʭ ʚʦʟʨʘʩʪʘʝʪ ʚ ʨʝʟʫʣʴʪʘʪʝ ʠʰʝʤʠʠ/ʨʝʧʝʨʬʫʟʠʠ ʟʘ 

ʩʯʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʬʝʨʤʝʥʪʦʚ ʧʨʠ ʛʠʙʝʣʠ ʢʣʝʪʦʢ. ɸʚʪʦʨʘʤʠ ʜʘʥʥʦʡ ʨʘʙʦʪʳ 

ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʫ ʢʨʳʩ ʩ ʝʜʠʥʩʪʚʝʥʥʦʡ ʧʦʯʢʦʡ ʠʰʝʤʠʷ/ʨʝʧʝʨʬʫʟʠʷ ʵʪʦʡ 

ʧʦʯʢʠ ʧʨʠʚʦʜʠʪ ʢ ʛʠʙʝʣʠ ʙʦʣʴʰʠʥʩʪʚʘ ʞʠʚʦʪʥʳʭ ʯʝʨʝʟ ʯʝʪʳʨʝ ʜʥʷ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ 

ʦʜʥʦʢʨʘʪʥʘʷ ʠʥʲʝʢʮʠʷ SkQ1 ʠʣʠ SkQR1 (1 ʤʢʤʦʣʴ/ʢʛ ʟʘ ʜʝʥʴ ʜʦ ʠʰʝʤʠʠ) ʩʧʘʩʘʝʪ 

ʞʠʟʥʴ ʧʦʯʪʠ ʚʩʝʭ ʢʨʳʩ. ɺʚʝʜʝʥʠʝ SkQR1 ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ɸʌʂ ʚ ʢʣʝʪʢʘʭ ʧʦʯʝʢ, ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʚ ʢʨʦʚʠ ʫʨʦʚʥʷ ʢʨʝʘʪʠʥʠʥʘ ʠ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʧʦʯʢʦʡ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʧʦʢʘʟʘʥʦ, 

ʯʪʦ SkQ1, ʦʙʣʘʜʘʶʱʠʡ ʤʝʥʴʰʝʡ, ʯʝʤ SkQR1 ʩʧʦʩʦʙʥʦʩʪʴʶ, ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ 

ʤʝʤʙʨʘʥʳ, ʩʧʘʩʘʝʪ ʞʠʟʥʴ ʞʠʚʦʪʥʳʭ, ʥʦ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʦʜʝʨʞʘʥʠʷ 

ɸʌʂ ʚ ʢʣʝʪʢʘʭ ʧʦʯʢʠ ʠ ʢʨʝʘʪʠʥʠʥʘ ʚ ʢʨʦʚʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʦʜʝʣʠ 

ʢʦʤʧʨʝʩʩʠʦʥʥʦʡ ʠʰʝʤʠʠ/ʨʝʧʝʨʬʫʟʠʠ ʤʦʟʛʘ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʢʨʘʪʥʦʝ 

ʚʚʝʜʝʥʠʝ ʢʨʳʩʘʤ ʟʘ ʜʝʥʴ ʜʦ ʦʧʝʨʘʮʠʠ 1 ʤʢʤʦʣʴ SkQR1/ʢʛ ʫʤʝʥʴʰʘʝʪ ʨʘʟʤʝʨ ʦʯʘʛʘ 

ʧʦʚʨʝʞʜʝʥʠʷ ʤʦʟʛʘ. ʅʘ ʵʪʦʡ ʤʦʜʝʣʠ SkQ1 ʙʳʣ ʥʝʵʬʬʝʢʪʠʚʝʥ ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ 

ʚʩʣʝʜʩʪʚʠʝ ʙʦʣʝʝ ʥʠʟʢʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʛʝʤʘʪʦʵʥʮʝʬʘʣʠʯʝʩʢʦʛʦ ʙʘʨʴʝʨʘ ʜʣʷ 

ʜʘʥʥʦʛʦ ʚʝʱʝʩʪʚʘ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʨʝʟʫʣʴʪʘʪʳ ʜʘʣʴʥʝʡʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʝʡʩʪʚʠʷ 

SkQR1 ʧʨʠ ʠʰʝʤʠʠ/ʨʝʧʝʨʬʫʟʠʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʤʝʭʘʥʠʟʤ ʝʛʦ 
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ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʜʘʥʥʦʤ ʨʝʘʣʠʟʫʝʪʩʷ ʚʦ ʤʥʦʛʦʤ ʙʣʘʛʦʜʘʨʷ 

ʩʪʠʤʫʣʷʮʠʠ ʩʠʥʪʝʟʘ ʵʨʠʪʨʦʧʦʵʪʠʥʘ ʚ ʧʦʯʢʘʭ, ʢʦʪʦʨʳʡ ʦʢʘʟʳʚʘʝʪ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʡ ʟʘʱʠʪʥʳʡ ʵʬʬʝʢʪ ʥʘ ʠʰʝʤʠʟʠʨʦʚʘʥʥʫʶ ʪʢʘʥʴ [Silachev et al., 

2012; Silachev et al., 2014]. ɽʱʝ ʦʜʥʠʤ ʚʦʟʤʦʞʥʳʤ ʤʝʭʘʥʠʟʤʦʤ 

ʥʝʡʨʦʧʨʦʪʝʢʪʠʚʥʦʛʦ ʜʝʡʩʪʚʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ-ʧʨʦʠʟʚʦʜʥʳʭ ʧʣʘʩʪʦʭʠʥʦʥʘ 

ʷʚʣʷʝʪʩʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʝ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ ʟʘ ʩʯʝʪ ʤʷʛʢʦʛʦ ʨʘʟʦʙʱʝʥʠʷ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʛʠʧʝʨʧʦʣʷʨʠʟʘʮʠʠ [Plotnikov et al., 2012; 

Silachev et al., 2014; Khailova et al., 2014]. ʉʪʦʠʪ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ SkQR1 ʦʢʘʟʳʚʘʣ 

ʙʣʘʛʦʧʨʠʷʪʥʳʡ ʵʬʬʝʢʪ ʠ ʚ ʚʝʩʴʤʘ ʩʚʦʝʦʙʨʘʟʥʦʡ ʩʠʪʫʘʮʠʠ ï ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʰʝʤʠʠ ʩʪʝʥʢʠ ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʚ ʩʣʫʯʘʝ ʦʩʪʨʦʡ ʟʘʜʝʨʞʢʝ 

ʤʦʯʠ [Kirpatovsky et al., 2013]. ʂʨʦʤʝ ʠʰʝʤʠʠ, ʠʥʛʠʙʠʨʫʶʱʝʝ ʜʝʡʩʪʚʠʝ 

ʧʨʝʧʘʨʘʪʦʚ ʩʝʤʝʡʩʪʚʘ SkQ ʥʘ ʧʨʦʮʝʩʩʳ ʧʦʚʨʝʞʜʝʥʠʷ ʚ ʥʝʨʚʥʦʡ ʪʢʘʥʠ ʙʳʣʦ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʘʟʥʳʭ ʤʦʜʝʣʷʭ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ex vivo) [Kapay 

et al., 2011; Jankauskas et al., 2012; Skulachev, 2012; Kapay et al., 2013; Stefanova et 

al., 2014] ʠ ʥʘ ʤʦʜʝʣʠ ʚʦʟʨʘʩʪʥʦʡ ʨʝʪʠʥʦʧʘʪʠʠ [Saprunova et al., 2012]. 

ɼʨʫʛʦʡ ʛʨʫʧʧʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʙʳʣʦ ʠʟʫʯʝʥʦ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʩ 

ʧʠʱʝʡ SkQ1 ʚ ʪʝʯʝʥʠʝ 2-3 ʥʝʜʝʣʴ ʥʘ ʚʝʣʠʯʠʥʫ ʠʰʝʤʠʯʝʩʢʦʛʦ ʠ ʨʝʧʝʨʬʫʟʠʦʥʥʦʛʦ 

ʧʦʚʨʝʞʜʝʥʠʷ ʩʝʨʜʮʘ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʘ ʩʘʤʮʘʭ ʢʨʳʩ [ʇʠʩʘʨʝʥʢʦ ʠ 

ʩʦʘʚʪ., 2009]. ʂʦʥʪʨʦʣʴʥʳʤ ʢʨʳʩʘʤ ʧʝʨʦʨʘʣʴʥʦ (ʩ ʧʠʱʝʡ) ʚʚʦʜʠʣʠ ʪʘʢʠʝ ʞʝ ʜʦʟʳ 

ʙʨʦʤʠʜʘ ʥʘʪʨʠ,̫ ʪʘʢ ʢʘʢ SkQ1 ʩʦʜʝʨʞʠʪ, ʢʨʦʤʝ ʦʨʛʘʥʠʯʝʩʢʦʡ ʯʘʩʪʠ 

(ʧʣʘʩʪʦʭʠʥʦʥʘ, ʣʠʥʢʝʨʘ ʠ ʪʨʠʬʝʥʠʣʬʦʩʬʦʥʠʷ), ʪʘʢʞʝ ʠ ʙʨʦʤʠʜ-ʠʦʥʳ. ʇʦʩʣʝ 

ʘʥʝʩʪʝʟʠʠ ʫ ʞʠʚʦʪʥʳʭ ʠʥʜʫʮʠʨʦʚʘʣʠ ʨʝʛʠʦʥʘʣʴʥʫʶ ʠʰʝʤʠʶ ʤʠʦʢʘʨʜʘ, ʧʦʩʣʝ 

ʢʦʪʦʨʦʡ ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ ʚʳʧʦʣʥʷʣʘʩ ɹʨʝʧʝʨʬʫʟʠʷ. ɻʣʘʚʥʳʤ ʢʨʠʪʝʨʠʝʤ ʦʮʝʥʢʠ 

ʵʬʬʝʢʪʘ ʩʣʫʞʠʣ ʨʘʟʤʝʨ ʟʦʥʳ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ, ʦʧʨʝʜʝʣʷʝʤʳʡ ʧʦʩʣʝ ʦʙʨʘʙʦʪʢʠ 

ʩʨʝʟʦʚ ʩʝʨʜʮʘ ʪʝʪʨʘʟʦʣʠʝʤ ʩʠʥʠʤ. ʇʝʨʦʨʘʣʴʥʦʝ ʚʚʝʜʝʥʠʝ SkQ1 ʩ ʧʠʱʝʡ ʚ 

ʩʫʪʦʯʥʳʭ ʜʦʟʘʭ 125 ʥʤʦʣʴ/ʢʛ ʠ 250 ʥʤʦʣʴ/ʢʛ ʚ ʪʝʯʝʥʠʝ 2 ʠʣʠ 3 ʥʝʜʝʣʴ 

ʩʪʠʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦ ʫʤʝʥʴʰʘʣʦ ʨʘʟʤʝʨʳ ʟʦʥʳ ʠʥʬʘʨʢʪʘ. ʇʘʨʘʣʝʣʴʥʦ ʚ ʢʨʦʚʠ 

ʫʤʝʥʴʰʘʣʘʩʴ ʘʢʪʠʚʥʦʩʪʴ ʤʘʨʢʝʨʥʳʭ ʬʝʨʤʝʥʪʦʚ (ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ ʬʨʘʢʮʠʠ 

MB ʢʨʝʘʪʠʥʢʠʥʘʟʳ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʠʭ ʘʢʪʠʚʥʦʩʪʴʶ ʧʦʩʣʝ ʨʝʧʝʨʬʫʟʠʠ ʫ 

ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. ʆʜʥʦʚʨʝʤʝʥʥʦ ʥʘʙʣʶʜʘʣʦʩʴ ʫʣʫʯʰʝʥʠʝ ʙʠʦʭʠʤʠʯʝʩʢʠʭ 
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ʧʦʢʘʟʘʪʝʣʝʡ ʩʦʩʪʦʷʥʠʷ ʟʦʥʳ ʨʠʩʢʘ: ʙʦʣʴʰʝʡ ʩʦʭʨʘʥʥʦʩʪʴʶ ʧʫʣʘ 

ʘʜʝʥʠʥʥʫʢʣʝʦʪʠʜʦʚ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʬʦʩʬʦʢʨʝʘʪʠʥʘ. ɺ ʧʦʜʚʝʨʛʥʫʪʦʡ 

ʠʰʝʤʠʠ ʯʘʩʪʠ ʩʝʨʜʮʘ ʜʦʩʪʦʚʝʨʥʦ ʫʤʝʥʴʰʘʣʦʩʴ ʥʘʢʦʧʣʝʥʠʝ ʣʘʢʪʘʪʘ ʠ ʧʦʚʳʰʘʣʦʩʴ 

ʩʦʜʝʨʞʘʥʠʝ ʧʠʨʦʚʠʥʦʛʨʘʜʥʦʡ ʢʠʩʣʦʪʳ. ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʧʨʠʰʣʠ ʢ ʦʧʨʝʜʝʣʝʥʥʦʤʫ 

ʟʘʢʣʶʯʝʥʠʶ, ʩʦʛʣʘʩʥʦ ʢʦʪʦʨʦʤʫ ʚʚʝʜʝʥʠʝ ʩ ʧʠʱʝʡ SkQ1 ʫʚʝʣʠʯʠʚʘʝʪ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʠʦʢʘʨʜʘ ʢ ʠʰʝʤʠʠ ʠ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʧʝʨʬʫʟʠʠ, ʨʘʚʥʦ ʢʘʢ  

ʢʫʧʠʨʫʝʪ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʧʦʩʪʠʰʝʤʠʯʝʩʢʦʤ ʧʝʨʠʦʜʝ. ʕʪʦʪ ʚʳʚʦʜ ʙʳʣ ʧʦʣʥʦʩʪʴʶ ʧʦʜʪʚʝʨʞʜʝʥ ʥʘ ʤʦʜʝʣʠ 

ʠʰʝʤʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʤʠʦʢʘʨʜʘ ex vivo, ʧʨʠʯʝʤ ʧʨʠʯʠʥʫ ʦʙʥʘʨʫʞʝʥʥʦʛʦ 

ʵʬʬʝʢʪʘ ʘʚʪʦʨʳ ʚʠʜʝʣʠ ʚ ʧʦʚʳʰʝʥʠʠ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʩʪʘʪʫʩʘ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ 

[ʃʘʢʦʤʢʠʥ, ʂʘʧʝʣʴʢʦ, 2009].  

ʅʝʩʢʦʣʴʢʦ ʨʘʟʥʳʭ ʘʩʧʝʢʪʦʚ ʚʣʠʷʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʘʣʴʪʝʨʘʮʠʶ ʚ ʧʦʯʢʘʭ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ ʨʘʙʦʪʘʭ ʛʨʫʧʧʳ ɼ.ɹ. 

ɿʦʨʦʚʘ ʠ ɽ.ʖ. ʇʣʦʪʥʠʢʦʚʘ [Plotnikov et al., 2009; Plotnikov et al., 2010;  Plotnikov et 

al., 2011]. ʇʦʣʘʛʘʷ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʤʠ ʧʦʨʘʞʝʥʠʷʤʠ ʧʦʯʝʢ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʣʝʞʠʪ ʦʢʠʩʣʠʪʝʣʴʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ, ʷʚʣʷʶʪʩʷ ʥʝʬʨʦʧʘʪʠʷ, ʚʳʟʚʘʥʥʘʷ 

ʨʘʙʜʦʤʠʦʣʠʟʦʤ, ʛʝʥʪʘʤʠʮʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʧʦʨʘʞʝʥʠʝ ʠ ʧʦʚʨʝʞʜʝʥʠʝ, 

ʚʳʟʚʘʥʥʦʝ ʠʰʝʤʠʝʡ/ʨʝʧʝʨʬʫʟʠʝʡ, ʵʪʠ ʧʘʪʦʣʦʛʠʠ ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʪʠʧʦʚʳʭ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʡ ʩʪʨʘʪʝʛʠʠ ʟʘʱʠʪʳ 

ʧʦʯʝʢ. ʈʷʜʦʤ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʤ ʵʪʠʤʠ ʠʩʩʣʝʜʦʚʘʪʝʣʷʤʠ, ʙʳʣʦ 

ʧʦʜʪʚʝʨʞʜʝʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʠʛʨʘʶʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʵʪʠʭ 

ʧʘʪʦʣʦʛʠʷʭ, ʷʚʣʷʷʩʴ ʦʜʥʦʚʨʝʤʝʥʥʦ ʠʩʪʦʯʥʠʢʦʤ ʠ ʤʠʰʝʥʴʶ ʜʣʷ ʯʨʝʟʤʝʨʥʦʛʦ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ɸʌʂ. ɸʚʪʦʨʘʤʠ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ SkQR1 ʠʟʙʘʚʣʷʝʪ ʧʦʯʢʫ ʦʪ 

ʚʨʝʜʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʝʨʝʯʠʩʣʝʥʥʳʭ ʧʘʪʦʣʦʛʠʡ. ɺʥʫʪʨʠʙʨʶʰʠʥʥʦʝ ʚʚʝʜʝʥʠʝ 

SkQR1 ʜʦ ʠʥʜʫʢʮʠʠ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʩʪʦʷʥʠʷ ʥʝ ʪʦʣʴʢʦ ʥʦʨʤʘʣʠʟʦʚʘʣʦ ʫʨʦʚʝʥʴ 

ɸʌʂ ʠ ʧʨʦʜʫʢʪʦʚ ʇʆʃ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʧʦʯʝʢ, ʥʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʣʦ ʢ ʩʥʠʞʝʥʠʶ 

ʫʨʦʚʥʷ ʮʠʪʦʭʨʦʤʘ ʩ ʚ ʢʨʦʚʠ, ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦ ʥʦʨʤʘʣʴʥʫʶ ʚʳʜʝʣʠʪʝʣʴʥʫʶ 

ʬʫʥʢʮʠʶ ʧʦʯʝʢ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʥʠʞʘʣʦ ʩʤʝʨʪʥʦʩʪʴ ʩʨʝʜʠ ʞʠʚʦʪʥʳʭ, ʠʤʝʶʱʠʭ 

ʝʜʠʥʩʪʚʝʥʥʫʶ ʧʦʯʢʫ, ʧʦʜʚʝʨʞʝʥʥʫʶ ʠʰʝʤʠʠ/ʨʝʧʝʨʬʫʟʠʠ. ʇʨʦʠʟʚʦʜʥʦʝ SkQR1 

ʙʝʟ ʧʣʘʩʪʦʭʠʥʦʥʘ (C12R1), ʚʟʷʪʦʝ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʦʙʣʘʜʘʣʦ 
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ʥʝʢʦʪʦʨʳʤʠ, ʭʦʪʷ ʠ ʦʛʨʘʥʠʯʝʥʥʳʤʠ, ʥʝʬʨʦʧʨʦʪʝʢʪʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʠ ʪʘʢʞʝ 

ʧʦʚʳʰʘʣʦ ʚʳʞʠʚʘʝʤʦʩʪʴ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ ʠʰʝʤʠʠ/ʨʝʧʝʨʬʫʟʠʠ. ɼʝʪʘʣʴʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʢʘʟʘʣʦ, ʯʪʦ SkQR1 ʠʥʜʫʮʠʨʫʝʪ ʥʝʢʦʪʦʨʳʝ ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʵʣʝʤʝʥʪʳ ʩʠʩʪʝʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʰʝʤʠʯʝʩʢʫʶ ʪʦʣʝʨʘʥʪʥʦʩʪʴ ʚ ʧʦʯʢʘʭ ʠ 

ʥʝʬʨʦʧʨʦʪʝʢʮʠʶ ʧʨʠ ʠʰʝʤʠʠ, ʪʘʢʠʭ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʵʨʠʪʨʦʧʦʵʪʠʥʘ ʠ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʠʥʘʟʳ ʛʣʠʢʦʛʝʥʩʠʥʪʘʟʳ 3ɓ ʚ ʧʦʯʢʘʭ. SkQR1 ʪʘʢʞʝ 

ʥʦʨʤʘʣʠʟʦʚʘʣ ʫʨʦʚʝʥʴ ʧʦʯʝʯʥʦʛʦ ʵʨʠʪʨʦʧʦʵʪʠʥʘ, ʢʦʪʦʨʳʡ ʩʥʠʞʘʝʪʩʷ ʧʦʩʣʝ 

ʠʰʝʤʠʠ/ʨʝʧʝʨʬʫʟʠʠ ʧʦʯʢʠ ʠ ʚʚʝʜʝʥʠʷ ʠʟʚʝʩʪʥʦʛʦ ʥʝʬʨʦʪʦʢʩʠʯʝʩʢʦʛʦ ʘʛʝʥʪʘ 

ʛʝʥʪʘʤʠʮʠʥʘ. 

ʈʝʟʫʣʴʪʘʪʳ  ʠʩʧʳʪʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʩʦʝʜʠʥʝʥʠʡ 

ʧʣʘʩʪʦʭʠʥʦʥʘ ʥʘ ʜʨʫʛʠʭ ʤʦʜʝʣʷʭ ʘʣʴʪʝʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʝʜʠʥʠʯʥʳʭ 

ʧʫʙʣʠʢʘʮʠʷʭ. ʊʘʢ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SkQ1 ʠʥʛʠʙʠʨʫʝʪ ʚʦʟʨʘʩʪʥʦʡ ʣʠʧʦʬʫʩʮʠʥʦʟ 

ʧʠʛʤʝʥʪʥʦʛʦ ʵʧʠʪʝʣʠʷ [Saprunova et al., 2010], ʣʝʥʪʠʢʫʣʷʨʥʫʶ ʜʝʛʝʥʝʨʘʮʠʶ 

[Snytnikova et al., 2012], ʩʪʨʫʢʪʫʨʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʠʦʬʠʙʨʠʣʣ ʧʨʠ ʨʘʟʚʠʪʠʠ 

ʩʘʨʢʦʧʝʥʠʠ [Vays et al., 2014], ʨʝʧʝʨʬʫʟʠʦʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʪʨʘʥʩʧʣʘʥʪʘʥʪʝ 

ʧʝʯʝʥʠ ʧʦʩʣʝ ʝʛʦ ʭʨʘʥʝʥʠʷ ʚ ʛʠʧʦʪʝʨʤʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ [Cherkashina et al., 2011]. 

ʀʤʝʶʪʩʷ ʢʦʩʚʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʦʪ ʧʨʝʧʘʨʘʪ ʤʦʛ ʙʳ ʙʳʪʴ 

ʵʬʬʝʢʪʠʚʝʥ ʧʨʦʪʠʚ ʨʘʟʚʠʪʠʷ ʛʝʤʦʩʠʜʝʨʦʟʘ ʧʨʠ ʥʝʢʦʪʦʨʳʭ ʛʝʤʦʣʠʪʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʷʭ, ʧʦʩʢʦʣʴʢʫ ʩʧʦʩʦʙʝʥ ʧʦʚʳʰʘʪʴ ʫʩʪʦʡʯʠʚʦʩʪʴ ʵʨʠʪʨʦʮʠʪʦʚ ʢ ʛʝʤʦʣʠʟʫ, 

ʚʳʟʚʘʥʥʦʤʫ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ [Omarova, Antonenko, 2014]. 

ʀʟ ʚʩʝʛʦ ʨʘʩʩʤʦʪʨʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʤʦʞʥʦ ʟʘʢʣʶʯʠʪʴ, ʯʪʦ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʠʩʩʣʝʜʦʚʘʥʳ (ʩ ʢʦʥʩʪʘʪʘʮʠʝʡ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ 

ʧʦʟʠʪʠʚʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ) ʥʘ ʜʦʚʦʣʴʥʦ ʟʥʘʯʠʪʝʣʴʥʦʤ, ʥʦ ʜʘʣʝʢʦ ʥʝ ʧʦʣʥʦʤ ʢʨʫʛʝ 

ʚʘʞʥʝʡʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʭʩʷ 

ʘʣʴʪʝʨʘʮʠʝʡ ʠ ʯʪʦ ʧʨʠ ʜʦʚʦʣʴʥʦ ʧʦʜʨʦʙʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʘʙʣʶʜʘʚʰʠʭʩʷ 

ʵʬʬʝʢʪʦʚ ʥʘ ʤʦʣʝʢʫʣʷʨʥʦ-ʙʠʦʣʦʛʠʯʝʩʢʦʤ, ʮʠʪʦʣʦʛʠʯʝʩʢʦʤ (in vitro), 

ʙʠʦʭʠʤʠʯʝʩʢʦʤ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ (in vivo, ex vivo) ʫʨʦʚʥʷʭ, ʠʤʝʝʪʩʷ ʦʯʝʥʴ ʤʘʣʦ 

ʜʘʥʥʳʭ ʦʙ ʠʟʤʝʥʝʥʠʷʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʪʢʘʥʝʚʳʭ (ʛʠʩʪʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ) 

ʨʝʘʢʮʠʡ.   
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1.4.2 ɺʦʩʧʘʣʝʥʠʝ, ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʠ ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ 

ɺʨʦʞʜʝʥʥʳʡ ʠ ʘʜʘʧʪʠʚʥʳʡ ʠʤʤʫʥʠʪʝʪ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʣʦʞʥʫʶ 

ʩʠʩʪʝʤʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʢʣʝʪʦʯʥʳʭ ʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ, ʢʦʪʦʨʳʝ 

ʤʦʛʫʪ ʨʝʘʣʠʟʦʚʘʪʴʩʷ ʢʘʢ ʚ ʚʠʜʝ ʘʜʝʢʚʘʪʥʦʡ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ, ʠʤʤʫʥʥʦʛʦ 

ʦʪʚʝʪʘ ʥʘ ʧʘʪʦʛʝʥ ʠ ʩʘʥʦʛʝʥʝʟʘ, ʪʘʢ ʠ ʚ ʬʦʨʤʝ ʥʝʘʜʝʢʚʘʪʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʠʣʠ 

ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ, ʧʨʠʚʦʜʷʱʠʭ ʢ ʭʨʦʥʠʟʘʮʠʠ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʘʣʴʪʝʨʘʪʠʚʥʳʤ ʠʟʤʝʥʝʥʠʷʤ (ʚʪʦʨʠʯʥʦʡ ʘʣʴʪʝʨʘʮʠʠ) ʠ ʥʘʨʫʰʝʥʠʶ ʥʦʨʤʘʣʴʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʦʨʛʘʥʦʚ [ʉʪʨʫʢʦʚ, 1981; ʄʘʷʥʩʢʠʡ, 1991, ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 

1995; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001]. ɺʦʩʧʘʣʠʪʝʣʴʥʳʡ ʦʪʚʝʪ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ 

ʠʤʤʫʥʥʳʤʠ (ʩ ʫʯʘʩʪʠʝʤ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʠ ʢʦʤʧʣʝʢʩʘ ʘʥʪʠʛʝʥ-ʘʥʪʠʪʝʣʦ) ʠʣʠ 

ʥʝʠʤʤʫʥʥʳʤʠ ʤʝʭʘʥʠʟʤʘʤʠ (ʠʥʠʮʠʠʨʦʚʘʥʥʳʤʠ ʟʘ ʩʯʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʦʧʨʝʜʝʣʝʥʥʳʭ ʵʥʜʦʛʝʥʥʳʭ ʠʣʠ ʵʢʟʦʛʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩ ʪʦʣʣ-ʧʦʜʦʙʥʳʤʠ 

ʨʝʮʝʧʪʦʨʘʤʠ ʠ ʧʦʩʣʝʜʫʶʱʠʤʠ ʩʝʢʨʝʮʠʝʡ ʮʠʪʦʢʠʥʦʚ, ʘʢʪʠʚʘʮʠʝʡ ʵʥʜʦʪʝʣʠʷ ʠ 

ʨʝʢʨʫʪʠʨʦʚʘʥʠʝʤ ʢʣʝʪʦʢðʵʬʬʝʢʪʦʨʦʚ ʚ ʦʯʘʛ ʚʦʩʧʘʣʝʥʠʷ) [ʉʪʨʫʢʦʚ, 1981; 

ʃʝʢʮʠʠé, 1996; ʃʝʢʮʠʠé, 2003;  Majno, 2004; ʇʨʦʩʢʫʨʷʢʦʚ ʠ ʩʦʘʚʪ., 2005; 

Medzhitov, 2007; ʄʝʡʣ ʠ ʩʦʘʚʪ., 2007; Underwood, 2009; ʇʘʫʢʦʚ, 2015].  

ʂʘʢ ʠʟʚʝʩʪʥʦ, ʩʫʱʝʩʪʚʫʝʪ ʥʝʩʢʦʣʴʢʦ ʬʦʨʤ ʣʦʢʘʣʴʥʦʛʦ ʦʩʪʨʦʛʦ 

ʵʢʩʩʫʜʘʪʠʚʥʦʛʦ (ʩʝʨʦʟʥʦʝ, ʢʘʪʘʨʘʣʴʥʦʝ, ʩʝʨʦʟʥʦ-ʣʝʡʢʦʮʠʪʘʨʥʦʝ, ʛʥʦʡʥʦʝ, 

ʬʠʙʨʠʥʦʟʥʦʝ, ʛʝʤʦʨʨʘʛʠʯʝʩʢʦʝ, ʛʥʠʣʦʩʪʥʦʝ) ʠ ʣʦʢʘʣʴʥʦʛʦ ʞʝ ʭʨʦʥʠʯʝʩʢʦʛʦ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ (ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʝ, ʛʨʘʥʫʣʝʤʘʪʦʟʥʦʝ) ʚʦʩʧʘʣʝʥʠʷ [ʉʪʨʫʢʦʚ, 1981; 

ʉʪʨʫʢʦʚ, ʂʘʫʬʤʘʥ, 1989; ʄʘʷʥʩʢʠʡ, 1991, ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; ʃʝʢʮʠʠé, 1996; 

ʇʘʫʢʦʚ, 2015]. ɺʘʨʠʘʥʪ ʚʦʩʧʘʣʝʥʠʷ ʦʧʨʝʜʝʣʷʝʪʩʷ ʢʘʢ ʩʚʦʡʩʪʚʘʤʠ ʧʘʪʦʛʝʥʘ ʠʣʠ 

ʬʣʦʛʦʛʝʥʘ (ʚʠʨʫʣʝʥʪʥʦʩʪʴʶ, ʩʫʱʝʩʪʚʦʚʘʥʠʝʤ ʚʥʫʪʨʠ ʠʣʠ ʚʥʝ ʢʣʝʪʦʢ, ʥʘʣʠʯʠʝʤ ʫ 

ʥʝʛʦ ʵʢʟʦʪʦʢʩʠʥʘ, ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʳʟʳʚʘʪʴ ʘʣʴʪʝʨʘʮʠʶ ʠ ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʬʦʨʤʳ ʦʪʚʝʪʘ, ʩʧʦʩʦʙʦʤ ʫʭʦʜʘ ʦʪ ʩʠʩʪʝʤ ʵʣʠʤʠʥʘʮʠʠ), ʪʘʢ ʠ ʩʦʩʪʦʷʥʠʝʤ ʩʘʤʦʛʦ 

ʦʨʛʘʥʠʟʤʘ (ʫʨʦʚʥʝʤ ʵʢʩʧʨʝʩʩʠʠ ʮʠʪʦʢʠʥʦʚ ʠ ʪʦʣʣ-ʨʝʮʝʧʪʦʨʦʚ, ʤʦʣʝʢʫʣ ʘʜʛʝʟʠʠ ʥʘ 

ʵʥʜʦʪʝʣʠʠ, ʢʦʣʠʯʝʩʪʚʦʤ ʠ ʩʪʘʪʫʩʦʤ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʠ ʪ.ʜ.) [ʃʝʢʮʠʠé, 1996; 

ʃʝʢʮʠʠé, 2003;  Majno, 2004; ʇʨʦʩʢʫʨʷʢʦʚ ʠ ʩʦʘʚʪ., 2005; Underwood, 2009]. 

ʉʠʩʪʝʤʥʦʝ ʚʦʩʧʘʣʝʥʠʝ, ʠʥʘʯʝ ʠʤʝʥʫʝʤʦʝ çʩʠʥʜʨʦʤʦʤ ʩʠʩʪʝʤʥʦʡ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ 

ʨʝʘʢʮʠʠè, ʚʦʟʥʠʢʘʝʪ ʚʩʣʝʜʩʪʚʠʝ ʧʦʧʘʜʘʥʠʷ ʣʠʛʘʥʜʦʚ, ʘʢʪʠʚʠʨʫʶʱʠʭ ʪʦʣʣ-
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ʧʦʜʦʙʥʳʝ ʨʝʮʝʧʪʦʨʳ ʚ ʦʙʱʠʡ ʢʨʦʚʦʪʦʢ, ʯʪʦ ʚʝʜʝʪ ʢ ʛʝʥʝʨʘʣʠʟʦʚʘʥʥʦʡ ʘʢʪʠʚʘʮʠʠ 

ʵʥʜʦʪʝʣʠʷ ʠ ʣʝʡʢʦʮʠʪʦʚ, ʥʘʨʫʰʝʥʠʶ ʛʦʤʝʦʩʪʘʟʘ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʢʪʠʚʘʮʠʠ 

ʚʥʫʪʨʠʩʦʩʫʜʠʩʪʦʛʦ ʩʚʝʨʪʳʚʘʥʠʷ ʢʨʦʚʠ) ʠ ʨʝʛʫʣʷʮʠʠ ʩʦʩʫʜʠʩʪʦʛʦ ʪʦʥʫʩʘ, 

ʧʦʚʨʝʞʜʝʥʠʶ ʪʢʘʥʝʡ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ï ʢ ʧʦʣʠʦʨʛʘʥʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ 

[Tsokos, 2007; Lowes et al., 2008, Lowes et al., 2013]. ʅʘʠʙʦʣʝʝ ʷʨʢʦʡ 

ʥʦʟʦʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʦʡ, ʚ ʦʩʥʦʚʝ ʧʘʪʦʛʝʥʝʟʘ ʢʦʪʦʨʦʡ ʣʝʞʠʪ ʩʠʥʜʨʦʤ ʩʠʩʪʝʤʥʦʛʦ 

ʚʦʩʧʘʣʝʥʠʷ, ʷʚʣʷʝʪʩʷ ʩʝʧʩʠʩ (ʯʘʱʝ ʚʩʝʛʦ ʙʘʢʪʝʨʠʘʣʴʥʳʡ), ʭʦʪʷ ʚʦʟʤʦʞʥʦ ʨʘʟʚʠʪʠʝ 

ʵʪʦʛʦ ʩʠʥʜʨʦʤʘ ʠ ʙʝʟ ʫʯʘʩʪʠʷ ʧʘʪʦʛʝʥʦʚ [Tsokos, 2007; Zhang et al., 2010]. ʀʟ 

ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʠʟʚʝʩʪʥʳ ʤʥʦʛʦʦʙʨʘʟʥʳʝ ʧʝʨʚʠʯʥʳʝ ʠ ʚʪʦʨʠʯʥʳʝ 

ʠʤʤʫʥʦʜʝʬʠʮʠʪʳ, ʘʣʣʝʨʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ (ʪʦ ʝʩʪʴ, ʚʘʨʠʘʥʪʳ ʥʝʘʜʝʢʚʘʪʥʦʛʦ ʧʦ 

ʩʠʣʝ ʠ ʬʦʨʤʝ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ) ʠ ʘʫʪʦʠʤʤʫʥʥʳʝ ʩʦʩʪʦʷʥʠʷ (ʧʨʠ ʢʦʪʦʨʳʭ 

ʥʘʙʣʶʜʘʝʪʩʷ ʠʤʤʫʥʥʳʡ ʦʪʚʝʪ ʥʘ ʩʦʙʩʪʚʝʥʥʳʝ ʘʥʪʠʛʝʥʳ) [ʃʝʢʮʠʠé, 1996; 

ʃʝʢʮʠʠé, 2003;  ʄʝʡʣ, 2007; Underwood, 2009]. ɺʩʝ ʵʪʠ ʬʦʨʤʳ 

ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʨʝʘʣʠʟʫʶʪʩʷ ʚ ʚʠʜʝ 

ʥʝʘʜʝʢʚʘʪʥʦʛʦ ʧʦ ʬʦʨʤʝ, ʥʘʧʨʘʚʣʝʥʠʶ ʠ ʩʠʣʝ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ ʩ ʨʘʟʚʠʪʠʝʤ 

ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ ʦʨʛʘʥʦʚ ʠ ʩʠʩʪʝʤ.   

ʇʨʦʜʫʢʮʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʠ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʠʛʨʘʶʪ ʥʝʩʢʦʣʴʢʦ 

ʨʦʣʝʡ, ʚʘʞʥʳʭ ʜʣʷ ʨʘʟʚʠʪʠʷ ʢʘʢ ʘʜʝʢʚʘʪʥʳʭ, ʪʘʢ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠ ʠʤʤʫʥʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ. ɺʦ-ʧʝʨʚʳʭ, ʦʢʠʩʣʠʪʝʣʴʥʦ-

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʚʣʠʷʶʪ ʥʘ ʩʦʩʪʦʷʥʠʝ ʛʝʤʦʧʦʵʟʘ 

(ʛʨʘʥʫʣʦʮʠʪʦʧʦʵʟʘ), ʧʨʦʜʫʢʮʠʶ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ ʢʣʝʪʦʢ 

(ʥʘ ʵʪʦ ʫʢʘʟʳʚʘʶʪ ʨʝʟʫʣʴʪʘʪʳ ʦʧʳʪʦʚ ʩ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʤʠ 

ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ, ʩʤ. ʜʘʣʝʝ). ɺʦ-ʚʪʦʨʳʭ, ɸʌʂ-ʟʘʚʠʩʠʤʳʝ ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ 

ʠʛʨʘʶʪ ʟʘʤʝʪʥʫʶ ʨʦʣʴ ʚ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʘʢʪʠʚʘʮʠʠ ʵʥʜʦʪʝʣʠʷ [Parthasarathi et 

al., 2002; Ichimura et al., 2003; Muller et al., 2003; Barhoumi et al., 2004; Zhang et al., 

2007; Wang et al., 2012; Mackenzie et al., 2013]. ɺ-ʪʨʝʪʴʠʭ, ʠʤʝʶʪʩʷ ʫʢʘʟʘʥʠʷ ʥʘ 

ʨʦʣʴ ɸʌʂ ʢʘʢ ʘʢʪʠʚʘʪʦʨʘ ʚʨʦʞʜʝʥʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʥʠʮʠʘʮʠʠ ʚʦʩʧʘʣʝʥʠʷ (ʚ 

ʯʘʩʪʥʦʩʪʠ, ʢʦʤʧʦʥʝʥʪʦʚ ʠʥʬʣʘʤʤʘʩʦʤʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʧʨʦʮʝʩʩʠʥʛ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ) ʠ ʢʘʢ ʚʘʞʥʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʩʪʠʤʫʣʘ (ʥʘʨʷʜʫ 

ʩ ʘʥʪʠʛʝʥʘʤʠ, ʤʝʤʙʨʘʥʥʳʤ ʠʥʪʝʨʬʝʡʩʦʤ ʠ ʦʧʨʝʜʝʣʝʥʥʳʤ ʥʘʙʦʨʦʤ ʮʠʪʦʢʠʥʦʚ) 
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ʧʨʠ ʟʘʧʫʩʢʝ ʘʜʘʧʪʠʚʥʦʛʦ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ [Parthasarathi et al., 2002; Despande et 

al., 2002; Yu  et al., 2002; Griffiths,  2005; Hu et al., 2006; Cruz et al., 2006; Tse et al., 

2007; Simmonds, Foxwell, 2008; Tschopp, Schroder, 2010; Pelletier et al.,  2012; 

Valcarcel-Ares et al., 2014]. ʅʘʢʦʥʝʮ, ʚ-ʯʝʪʚʝʨʪʳʭ, ʦʙʱʝʠʟʚʝʩʪʥʘ ʨʦʣʴ 

ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʦʩʫʱʝʩʪʚʣʝʥʠʠ ʵʬʬʝʢʪʦʨʥʦʡ ʬʘʟʳ 

ʠʤʤʫʥʦʛʝʥʝʟʘ, ʢʠʣʣʠʥʛʝ ʧʘʪʦʛʝʥʦʚ ʠ ʧʦʚʨʝʞʜʝʥʠʠ ʩʦʙʩʪʚʝʥʥʳʭ ʪʢʘʥʝʡ 

ʦʨʛʘʥʠʟʤʘ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʨʠ ʩʠʥʜʨʦʤʝ ʩʠʩʪʝʤʥʦʡ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ 

[Hadjigogos, 2003; Hitchon, El-Gabalawy, 2004; Remans et al., 2005; Fernandez et al., 

2006; Lowes et al., 2008]. ʇʨʘʚʜʘ, ʚ ʵʪʠʭ ʧʦʩʣʝʜʥʠʭ ʩʣʫʯʘʷʭ ʙʦʣʴʰʫʶ ʨʦʣʴ 

ʪʨʘʜʠʮʠʦʥʥʦ ʦʪʚʦʜʷʪ ʚʥʝʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ ɸʌʂ, ʥʝʞʝʣʠ ɸʌʂ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɿʜʝʩʴ ʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʛʠʙʝʣʴ ʚʘʞʥʳʭ 

ʢʣʝʪʦʢ-ʵʬʬʝʢʪʦʨʦʚ ʚʦʩʧʘʣʝʥʠʷ - ʥʝʡʪʨʦʬʠʣʦʚ, ʦʪ ʢʦʪʦʨʦʡ ʟʘʚʠʩʠʪ ʬʦʨʤʘ 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ  (ʩʝʨʦʟʥʦ-ʣʝʡʢʦʮʠʪʘʨʥʘʷ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦʡ ʚʪʦʨʠʯʥʦʡ 

ʘʣʴʪʝʨʘʮʠʝʡ ʠʣʠ ʛʥʦʡʥʘʷ ʩ ʪʷʞʝʣʳʤʠ ʜʝʩʪʨʫʢʪʠʚʥʳʤʠ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʜʣʷ ʪʢʘʥʠ) 

ʪʘʢʞʝ ʟʘʚʠʩʠʪ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ɸʌʂ [Fay et al., 2006, Fialkow et al., 

2007]. ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ ʤʦʤʝʥʪʦʤ ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ ʧʝʨʦʢʩʠʜʘ ʚʦʜʦʨʦʜʘ 

ʠʥʜʫʮʠʨʦʚʘʪʴ ʛʠʧʝʨʧʨʦʜʫʢʮʠʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ɸʌʂ, ʯʪʦ ʚʝʜʝʪ ʢ ʟʘʤʳʢʘʥʠʶ 

ʩʚʷʟʠ ʤʝʞʜʫ ʥʠʤʠ ʧʦ ʪʠʧʫ çʧʦʨʦʯʥʦʛʦ ʢʨʫʛʘè [Zorov et al., 2000] ʠ ʤʦʞʝʪ ʠʛʨʘʪʴ 

ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ ʚ ʧʘʪʦʛʝʥʝʟʝ ʭʨʦʥʠʟʘʮʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ. 

ʅʝʩʤʦʪʨʷ ʥʘ ʩʫʱʝʩʪʚʫʶʱʠʝ ʫʢʘʟʘʥʠʷ ʦ ʟʥʘʯʝʥʠʠ ɸʌʂ ʚ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʠ 

ʠʤʤʫʥʦʙʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʦʧʳʪʢʠ ʧʨʠʤʝʥʝʥʠʷ ʥʝʪʘʨʛʝʪʠʨʦʚʘʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʜʣʷ ʪʝʨʘʧʠʠ ʪʘʢʠʭ ʩʦʩʪʦʷʥʠʡ (ʚ ʯʘʩʪʥʦʩʪʠ, ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ) ʦʢʘʟʘʣʠʩʴ ʤʘʣʦʫʩʧʝʰʥʳʤʠ ʠ ʧʨʦʪʠʚʦʨʝʯʠʚʳʤʠ [Jonsson 

et al., 1986; De Bandt et al., 2002; Ilhan et al., 2004;  Hultqvist et al., 2006; Canter et 

al., 2007; Elmali et al., 2007; Rosenbaum et al., 2010; Sanchez-Barcelo et al., 2010; Yu 

et al., 2012; Malviya et al., 2013; Ishibashi, 2013]. 

ʈʘʙʦʪ, ʚ ʢʦʪʦʨʳʭ ʠʟʫʯʘʣʦʩʴ ʚʣʠʷʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʠ ʠʤʤʫʥʦʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʦʩʪʦʷʥʠʷ 

ʩʫʱʝʩʪʚʝʥʥʦ ʤʝʥʴʰʝ, ʯʝʤ ʧʫʙʣʠʢʘʮʠʡ ʦ ʜʝʡʩʪʚʠʠ ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʧʘʪʦʣʦʛʠʠ, 

ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʘʪ ʘʣʴʪʝʨʘʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ. ʇʨʝʞʜʝ ʚʩʝʛʦ, ʩʣʝʜʫʝʪ ʫʢʘʟʘʪʴ 
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ʥʘ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚʣʠʷʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʪʘʨʛʝʪʠʨʦʚʘʥʥʳʭ 

ʩʦʝʜʠʥʝʥʠʡ ʥʘ ʬʦʥʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʥʘ ʢʣʝʪʦʯʥʳʝ ʧʨʦʮʝʩʩʳ ʚ 

ʠʤʤʫʥʦʢʦʤʧʝʪʝʥʪʥʳʭ ʦʨʛʘʥʘʭ [Obukhova et al., 2009; Shipounova et al., 2010; 

Marthandan et al., 2011; Yang et al., 2012]. ɺ ʯʘʩʪʥʦʩʪʠ, ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ 

ʟʘʤʝʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʧʨʠ ʩʪʘʨʝʥʠʠ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʷʚʣʷʝʪʩʷ ʧʨʦʛʨʝʩʩʠʚʥʘʷ 

ʠʥʚʦʣʶʮʠʷ ʪʠʤʫʩʘ, ʩʨʝʜʠ ʧʦʩʣʝʜʩʪʚʠʡ ʢʦʪʦʨʦʡ ʥʘʟʳʚʘʶʪ ʧʦʚʳʰʝʥʠʝ 

ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʠ ʢ ʠʥʬʝʢʮʠʷʤ (ʭʦʪʷ ʚ ʜʝʡʩʪʚʠʪʝʣʴʥʦʩʪʠ ʪʘʢʘʷ ʩʚʷʟʴ ʝʱʝ 

ʥʫʞʜʘʝʪʩʷ ʚ ʩʪʨʦʛʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘʭ). ɺ ʨʘʙʦʪʝ ʃ.ɸ. 

ʆʙʫʭʦʚʦʡ ʠ ʩʦʘʚʪʦʨʦʚ [Obukhova et al., 2009] ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ SkQ1 ʚ ʥʠʟʢʠʭ 

ʜʦʟʘʭ (250 ʥʤʦʣʴ/ʢʛ ʚ ʩʫʪʢʠ) ʠʥʛʠʙʠʨʦʚʘʣ ʚʦʟʨʘʩʪʥʫʶ ʠʥʚʦʣʶʮʠʶ ʪʠʤʫʩʘ ʫ 

ʥʦʨʤʘʣʴʥʳʭ (ʣʠʥʠʷ ɺʠʩʪʘʨ) ʠ ʧʦʜʚʝʨʞʝʥʥʳʭ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ ʩʪʘʨʝʥʠʶ 

(ʣʠʥʠʷ OXYS) ʢʨʳʩ. SkQ1 ʩʦʭʨʘʥʷʣ ʦʙʱʠʡ ʚʝʩ ʠ ʦʙʲʝʤ ʦʨʛʘʥʘ, ʦʙʲʝʤ ʢʦʨʳ 

ʪʠʤʫʩʘ ʠ ʝʛʦ ʤʝʜʫʣʣʳ, ʢʣʝʪʦʯʥʦʩʪʴ ʪʠʤʫʩʘ, ʠ ʩʦʜʝʨʞʘʥʠʝ ʚ ʥʝʤ ʢʣʝʪʦʢ, 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʤʘʨʢʝʨʳ CD3, CD4 ʠ CD8. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ SkQ1 ʦʢʘʟʘʣʩʷ 

ʦʩʦʙʝʥʥʦ ʵʬʬʝʢʪʠʚʝʥ ʚ ʩʣʫʯʘʝ ʧʦʜʚʝʨʞʝʥʥʳʭ ʩʪʘʨʝʥʠʶ ʢʨʳʩ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ 

ʜʘʥʥʳʭ ʘʚʪʦʨʳ ʚʳʩʢʘʟʘʣʠ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ SkQ1 ʟʘʤʝʜʣʷʝʪ ʚʦʟʨʘʩʪʥʦʝ 

ʦʩʣʘʙʣʝʥʠʝ ʬʫʥʢʮʠʡ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʯʪʦ ʵʪʦ ʩʚʦʡʩʪʚʦ ʤʦʞʝʪ ʦʙʲʷʩʥʠʪʴ 

ʩʧʦʩʦʙʥʦʩʪʴ ʜʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʫʜʣʠʥʷʪʴ ʞʠʟʥʴ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ (ʩʤ. 

1.4.7). ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ ʢʨʘʪʢʦʚʨʝʤʝʥʥʦʝ (3 ʥʝʜʝʣʠ) ʚʚʝʜʝʥʠʝ ʤʦʣʦʜʳʤ ʤʳʰʘʤ 

SkQ1 ʩʥʠʞʘʣʦ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʩʦʜʝʨʞʘʥʠʝ CD8+ (ʥʦ ʥʝ CD4+) ʊ-ʣʠʤʬʦʮʠʪʦʚ ʚ 

ʩʝʣʝʟʝʥʢʝ (ʧʨʠʯʝʤ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʧʦʥʠʞʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʥʘʠʚʥʳʭ ʊ-ʢʣʝʪʦʢ ʠ 

ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʢʦʣʠʯʝʩʪʚʦ ʊ-ʢʣʝʪʦʢ ʧʘʤʷʪʠ), ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ  ʚʦʟʜʝʡʩʪʚʠʝ ʵʪʠʤ 

ʚʝʱʝʩʪʚʦʤ ʥʘ ʩʧʣʝʥʦʮʠʪʳ ʚ ʢʫʣʴʪʫʨʝ in vitro (24ʯ., 50 ʥʤʦʣʴ/ʣ) ʧʨʠʚʦʜʠʣʦ ʢ 

ʥʝʟʥʘʯʠʪʝʣʴʥʦʤʫ ʧʦʚʳʰʝʥʠʶ ʧʨʦʮʝʥʪʘ ʊ-ʣʠʤʬʦʮʠʪʦʚ (ʧʨʝʞʜʝ ʚʩʝʛʦ CD4+), 

ʚʦʟʤʦʞʥʦ, ʟʘ ʩʯʝʪ ʩʣʘʙʦʛʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʥʘ ʜʨʫʛʠʝ ʢʣʝʪʢʠ (ɺ-

ʣʠʤʬʦʮʠʪʳ) [Yang et al., 2012]. ɺ ʢʫʣʴʪʫʨʝ ʢʣʝʪʦʢ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ 

ʯʝʣʦʚʝʢʘ ʪʘ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʷ ʥʝ ʦʢʘʟʳʚʘʣʘ ʥʠʢʘʢʠʭ ʵʬʬʝʢʪʦʚ ʥʠ ʥʘ ʩʦʜʝʨʞʘʥʠʝ 

ʨʘʟʥʳʭ ʩʫʙʧʦʧʫʣʷʮʠʡ ʊ-ʣʠʤʬʦʮʠʪʦʚ, ʥʠ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʠʤʠ ʤʘʨʢʝʨʦʚ ʘʢʪʠʚʘʮʠʠ 

ʠʣʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʤʦʣʝʢʫʣ (ICOS, PD-1, CTLA-4). ʂʨʦʤʝ ʪʦʛʦ, ʚ ʩʝʣʝʟʝʥʢʝ 

ʤʳʰʝʡ, ʦʙʨʘʙʦʪʘʥʥʳʭ SkQ1, ʫʚʝʣʠʯʠʚʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʧʣʘʟʤʦʮʠʪʦʠʜʥʳʭ 
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ʜʝʥʜʨʠʪʥʳʭ ʢʣʝʪʦʢ ʠ  ʩʥʠʞʘʣʦʩʴ ʩʦʜʝʨʞʘʥʠʝ ʛʨʘʥʫʣʦʮʠʪʦʚ,  ʘ ʩʦʜʝʨʞʘʥʠʝ 

ʥʘʪʫʨʘʣʴʥʳʭ ʢʠʣʣʝʨʦʚ, ʊ-ʅʂ-ʢʣʝʪʦʢ ʠ ʨʝʛʫʣʷʪʦʨʥʳʭ ʊ-ʣʠʤʬʦʮʠʪʦʚ ʦʩʪʘʚʘʣʦʩʴ 

ʥʝʠʟʤʝʥʥʳʤ [Yang et al., 2012]. ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʝʱʝ ʦʜʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ SkQ1 

(0,9 ʠ 28,8 ʥʤʦʣʴ/ʢʛ ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ ʜʚʫʭ ʣʝʪ) ʧʨʝʜʦʪʚʨʘʱʘʣ ʚʦʟʨʘʩʪʥʦʝ 

ʧʦʚʳʰʝʥʠʝ ʦʪʥʦʩʠʪʝʣʴʥʦʛʦ ʯʠʩʣʘ ʛʨʘʥʫʣʦʮʠʪʦʚ, ʥʝ ʚʣʠʷʷ ʥʘ ʩʪʚʦʣʦʚʳʝ 

ʢʨʦʚʝʪʚʦʨʥʳʝ ʠ ʤʝʟʝʥʭʠʤʘʣʴʥʳʝ ʢʣʝʪʢʠ, ʪʦʣʴʢʦ ʧʦʚʳʰʘʷ ʧʨʦʜʫʢʮʠʶ ʬʘʢʪʦʨʘ, 

ʩʪʠʤʫʣʠʨʫʶʱʝʛʦ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʣʦʥʠʡ ʬʠʙʨʦʙʣʘʩʪʦʚ [Shipounova et al., 2010]. 

ɺʩʝ ʵʪʠ ʜʘʥʥʳʝ ʦ çʤʷʛʢʦʤè ʚʣʠʷʥʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ SkQ1 ʥʘ 

ʛʝʤʦʧʦʵʟ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʨʦʣʴ ɸʌʂ ʚ ʨʝʛʫʣʷʮʠʠ ʧʨʦʜʫʢʮʠʠ, 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʝ ʠ ʛʠʙʝʣʠ ʠʤʤʫʥʦʮʠʪʦʚ, ʭʦʪʷ ʥʝ ʠʩʢʣʶʯʝʥʘ ʚʦʟʤʦʞʥʦʩʪʴ 

ʩʪʠʤʫʣʷʮʠʠ ʵʪʠʤ ʧʨʝʧʘʨʘʪʦʤ ʜʨʫʛʠʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʥʝ ʟʘʚʠʩʠʤʳʭ ʦʪ ɸʌʂ. 

ʏʪʦ ʢʘʩʘʝʪʩʷ ʧʦʩʣʝʜʥʝʡ ʚʦʟʤʦʞʥʦʩʪʠ, ʪʦ ʪʘʢʘʷ ʩʠʪʫʘʮʠʷ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʚ ʩʣʫʯʘʝ 

ʦʪʚʝʪʘ ʵʥʜʦʪʝʣʠʦʮʠʪʦʚ ʚ ʢʫʣʴʪʫʨʝ in vitro ʥʘ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʩʪʠʤʫʣʷʮʠʶ 

TNFŬ, ʧʦʩʢʦʣʴʢʫ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʤʦʣʝʢʫʣ ʤʝʞʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ (ICAM-1, 

VCAM, ɽ-ʩʝʣʝʢʪʠʥʘ) ʥʘʙʣʶʜʘʣʦʩʴ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʝ ʪʦʣʴʢʦ SkQ1, ʥʦ ʠ ʣʠʰʝʥʥʦʛʦ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʯʘʩʪʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʉ12ʊʈʈ, 

ʧʨʠʯʝʤ ʧʨʦʠʩʭʦʜʠʣʦ ʵʪʦ ʙʣʘʛʦʜʘʨʷ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʵʢʩʧʨʝʩʩʠʠ NF-əB 

[Romashchenko et al., 2013; Zinovkin et al., 2014]. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ SkQ1 ʧʦʜʘʚʣʷʣ 

ʩʝʢʨʝʮʠʶ ʠʥʪʝʨʣʝʡʢʠʥʦʚ 6 ʠ 8 ʚ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ TNFŬ ʢʫʣʴʪʫʨʝ 

ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʠ ʧʦʚʳʰʝʥʥʫʶ ʬʦʥʦʚʫʶ ʵʢʩʧʨʝʩʩʠʶ ʤʦʣʝʢʫʣ 

ʤʝʞʢʣʝʪʦʯʥʦʡ ʘʜʛʝʟʠʠ ʥʘ ʵʥʜʦʪʝʣʠʠ ʘʦʨʪʳ ʫ ʩʪʘʨʳʭ ʤʳʰʝʡ, ʥʦ ʥʝ ʚʣʠʷʣ ʥʘ 

ʠʟʙʳʪʦʯʥʦʝ ʩʦʜʝʨʞʘʥʠʝ TNFŬ ʠ ʠʥʪʝʨʣʝʡʢʠʥʘ 6 ʚ ʢʨʦʚʠ ʫ ʪʝʭ ʞʝ ʞʠʚʦʪʥʳʭ 

[Zinovkin et al., 2014]. 

ʇʦʤʠʤʦ ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ, ʢʦʩʚʝʥʥʦ ʦʪʨʘʞʘʶʱʠʝ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʠʟʤʘ ʢ 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʤʫ ʠ ʠʤʤʫʥʥʦʤʫ ʦʪʚʝʪʫ, ʩʫʱʝʩʪʚʫʶʪ ʠ ʧʨʷʤʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʵʬʬʝʢʪʦʚ ʫʢʘʟʘʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʜʘʥʥʳʝ ʨʝʘʢʮʠʠ. ʅʫʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʝ ʵʪʠ 

ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʩ ʧʨʠʤʝʥʝʥʠʝʤ MitoQ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ MitoQ 

ʩʥʠʞʘʝʪ ʚʳʨʘʞʝʥʥʦʩʪʴ ʧʨʦʜʫʢʪʠʚʥʦʡ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʧʨʠ ʢʦʣʠʪʝ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʤ ʜʝʢʩʪʨʘʥʦʤ, ʫʤʝʥʴʰʘʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʠʥʬʠʣʴʪʨʘʮʠʠ 
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ʣʠʤʬʦʮʠʪʘʤʠ ʠ ʤʘʢʨʦʬʘʛʘʤʠ, ʘ ʪʘʢʞʝ ʩʪʝʧʝʥʴ ʚʪʦʨʠʯʥʦʡ ʘʣʴʪʝʨʘʮʠʠ ʠ 

ʫʣʴʮʝʨʘʪʠʚʥʳʝ ʷʚʣʝʥʠʷ ʚ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʝ [Dashdorj et al., 2013]. ʕʪʦ ʞʝ 

ʚʝʱʝʩʪʚʦ ʙʳʣʦ ʩʧʦʩʦʙʥʦ ʫʤʝʥʴʰʘʪʴ ʚʳʨʘʞʝʥʥʦʩʪʴ ʤʠʢʨʦʛʣʠʘʣʴʥʦʡ ʨʝʘʢʮʠʠ, 

ʧʨʦʜʫʢʮʠʠ ʤʠʢʨʦʛʣʠʝʡ ʠʥʪʝʨʣʝʡʢʠʥʘ 6 ʠ ʛʠʙʝʣʴ ʥʝʡʨʦʥʦʚ ʚ ʩʧʠʥʥʦʤ ʤʦʟʛʝ ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʘʫʪʦʠʤʤʫʥʥʦʤ ʵʥʮʝʬʘʣʦʤʠʝʣʠʪʝ (ʨʘʩʩʝʷʥʥʦʤ ʩʢʣʝʨʦʟʝ) [Mao 

et al., 2013; Davies et al., 2013]. ʆʙʘ ʫʢʘʟʘʥʥʳʭ ʩʣʫʯʘʷ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʤʦʜʝʣʠ 

ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ʕʢʩʩʫʜʘʪʠʚʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʚ ʵʪʦʤ ʦʪʥʦʰʝʥʠʠ ʧʦʢʘ 

ʦʩʪʘʝʪʩʷ ʩʦʚʩʝʤ ʥʝ ʠʟʫʯʝʥʥʳʤ. ʆʙʱʠʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʧʦʨʘʞʝʥʠʷ ʪʘʢʞʝ ʦʩʪʘʝʪʩʷ 

ʥʝʷʩʥʳʤ.  

 ɺ ʦʪʥʦʰʝʥʠʠ ʩʠʥʜʨʦʤʘ ʩʠʩʪʝʤʥʦʡ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ (ʢʦʪʦʨʳʡ 

ʤʦʞʝʪ ʠʤʝʪʴ ʥʝʠʥʬʝʢʮʠʦʥʥʫʶ ʧʨʠʨʦʜʫ ʠʣʠ ʚʦʟʥʠʢʘʪʴ ʚ ʨʘʤʢʘʭ ʩʝʧʩʠʩʘ ʠ 

ʩʝʧʪʠʯʝʩʢʦʛʦ ʰʦʢʘ) ʠʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ ʩ ʯʝʪʢʠʤ ʫʢʘʟʘʥʠʝʤ ʥʘ ʧʦʟʠʪʠʚʥʳʝ 

ʵʬʬʝʢʪʳ MitoQ. ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʵʪʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʤʦʜʝʣʠ ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʦʤ ʵʥʜʦʪʦʢʩʠʥʦʚʦʛʦ ʰʦʢʘ ʧʦʢʘʟʘʣʦ ʥʝ ʪʦʣʴʢʦ 

ʫʣʫʯʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʩʪʘʪʫʩʘ ʤʠʪʦʭʦʥʜʨʠʡ, ʥʦ ʠ ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʮʠʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʮʠʪʦʢʠʥʦʚ, ʨʘʚʥʦ ʢʘʢ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʦʨʛʘʥʥʦʡ ʜʠʩʬʫʥʢʮʠʠ [Lowes, et al., 2008; Supinski et al., 

2009; Lowes et al., 2013]. ʅʘʢʦʥʝʮ, ʙʳʣʘ ʩʜʝʣʘʥʘ ʧʦʧʳʪʢʘ ʠʩʩʣʝʜʦʚʘʪʴ ʜʝʡʩʪʚʠʝ 

MitoQ ʥʘ ʚʳʞʠʚʘʝʤʦʩʪʴ ʤʳʰʝʡ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʘʣʷʨʠʠ, ʢʦʪʦʨʘʷ ʜʘʣʘ 

ʦʪʨʠʮʘʪʝʣʴʥʳʡ ʨʝʟʫʣʴʪʘʪ [Francischetti et al., 2014]. ʅʫʞʥʦ, ʦʜʥʘʢʦ, ʩʢʘʟʘʪʴ, ʯʪʦ 

ʧʦʩʣʝʜʥʷʷ ʨʘʙʦʪʘ ʠʤʝʝʪ ʢ ʚʦʩʧʘʣʝʥʠʶ ʠ ʠʤʤʫʥʦʛʝʥʝʟʫ ʪʦʣʴʢʦ ʢʦʩʚʝʥʥʦʝ 

ʦʪʥʦʰʝʥʠʝ.  

 

1.4.3 ʈʝʛʝʥʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʠ ʘʪʨʦʬʠʷ 

ʂ ʛʨʫʧʧʝ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ ʧʨʠʥʷʪʦ ʦʪʥʦʩʠʪʴ ʚʩʝ 

ʪʝ ʧʨʦʮʝʩʩʳ, ʢʦʪʦʨʳʝ ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʦʪʚʝʪ ʥʘ ʧʦʚʨʝʞʜʘʶʱʝʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʪʝʤ 

ʠʣʠ ʠʥʳʤ ʦʙʨʘʟʦʤ ʚʦʩʧʦʣʥʷʶʱʠʡ ʫʪʨʘʯʝʥʥʳʝ ʩʪʨʫʢʪʫʨʫ ʠ ʬʫʥʢʮʠʶ ʪʢʘʥʠ ʠ 

ʦʨʛʘʥʘ [ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 1979;  ʅʝʧʦʤʥʷʱʠʭ, 1991; ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; 
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ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; ʃʝʢʮʠʠé, 2003; ʇʘʫʢʦʚ, 2015]. ʂ ʥʠʤ 

ʦʪʥʦʩʷʪ ʨʝʛʝʥʝʨʘʮʠʶ (ʬʠʟʠʦʣʦʛʠʯʝʩʢʫʶ, ʨʝʧʘʨʘʪʠʚʥʫʶ (ʘʜʝʢʚʘʪʥʫʶ 

ʧʦʚʨʝʞʜʝʥʠʶ) ʧʦʣʥʫʶ (ʨʝʩʪʠʪʫʮʠʶ) ʠʣʠ ʥʝ ʧʦʣʥʫʶ (ʩʫʙʩʪʠʪʫʮʠʶ) ʠ 

ʧʘʪʦʣʦʛʠʯʝʩʢʫʶ (ʥʝʘʜʝʢʚʘʪʥʫʶ ʧʦʚʨʝʞʜʝʥʠʶ) ʠʟʙʳʪʦʯʥʫʶ ʠʣʠ ʥʝʜʦʩʪʘʪʦʯʥʫʶ, 

ʧʦ ʤʝʭʘʥʠʟʤʫ ï ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʠ ʢʣʝʪʦʯʥʫʶ), ʛʠʧʝʨʧʣʘʟʠʶ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ 

ʦʨʛʘʥʝʣʣ), ʛʠʧʝʨʪʨʦʬʠʶ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʦʪʜʝʣʴʥʳʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ), 

ʦʨʛʘʥʠʟʘʮʠʶ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʫʶ ʘʢʢʦʤʦʜʘʮʠʶ, ʤʝʪʘʧʣʘʟʠʶ, ʜʠʩʧʣʘʟʠʶ [ʉʪʨʫʢʦʚ, 

ʉʝʨʦʚ, 1995, ʃʝʢʮʠʠé, 1996]. ʄʝʭʘʥʠʟʤʳ, ʦʪʚʝʯʘʶʱʠʝ ʟʘ ʦʩʫʱʝʩʪʚʣʝʥʠʝ ʵʪʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʦʯʝʥʴ ʩʣʦʞʥʳ ʠ, ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ, ʨʝʘʣʠʟʫʶʪʩʷ ʥʘ ʫʨʦʚʥʝ ʨʝʛʫʣʷʮʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʦʢ, ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ [ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 1979;  ʉʘʨʢʠʩʦʚ, 1988;  ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 

1995; ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; ʃʝʢʮʠʠé, 2003; Majno, 2004; 

Moseley et al., 2004; Greaves, 2007; Menke et al., 2007; Underwood, 2009; Maronpot 

et al., 2010; Thoolen, 2010; Toxicologic pathologyé, 2013; ʇʘʫʢʦʚ, 2015]. ʀʩʭʦʜʷ ʠʟ 

ʪʘʢʦʛʦ ʧʦʣʦʞʝʥʠʷ, ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʧʨʠ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʷʚʣʝʥʠʷʭ ʚʦ ʤʥʦʛʦʤ 

ʟʘʚʠʩʷʪ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʡ ʩʪʝʧʝʥʠ ɸʌʂ ʚʣʠʷʶʪ ʥʘ ʩʠʥʪʝʟ ʮʠʪʦʢʠʥʦʚ, ʦʪʚʝʪ ʥʘ 

ʮʠʪʦʢʠʥʦʚʫʶ ʩʪʠʤʫʣʷʮʠʶ ʠ ʘʢʪʠʚʘʮʠʶ ʨʷʜʘ ʚʘʨʠʘʥʪʦʚ ʢʣʝʪʦʯʥʦʡ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ.  ʉʣʝʜʫʝʪ ʪʘʢʞʝ ʠʤʝʪʴ ʚʚʠʜʫ, ʯʪʦ ʵʪʠ ʧʨʝʧʘʨʘʪʳ ʤʦʛʫʪ 

ʢʦʩʚʝʥʥʦ ʦʢʘʟʳʚʘʪʴ ʚʣʠʷʥʠʝ ʥʘ ʚʳʨʘʞʝʥʥʦʩʪʴ ʧʨʦʮʝʩʩʦʚ ʢʦʤʧʝʥʩʘʮʠʠ, 

ʤʦʜʫʣʠʨʫʷ ʚʳʨʘʞʝʥʥʦʩʪʴ ʘʣʴʪʝʨʘʪʠʚʥʳʭ ʷʚʣʝʥʠʡ ʠʣʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʦʪʚʝʪʘ 

(ʩʤ. ʨʘʟʜʝʣ 1.4.1 ʠ 1.4.2).  

ɺ ʦʪʥʦʰʝʥʠʠ ʚʣʠʷʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʮʠʪʦʢʠʥʦʚʫʶ 

ʧʨʦʜʫʢʮʠʶ ʠ ʧʨʦʮʝʩʩʳ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ, ʠʛʨʘʶʱʠʝ ʦʛʨʦʤʥʫʶ ʨʦʣʴ ʚ 

ʨʝʧʘʨʘʪʠʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ, ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʨʘʙʦʪʝ 

ɽ.ʅ. ʇʦʧʦʚʦʡ ʠ ʩʦʘʚʪʦʨʦʚ [Popova et al., 2010]. ʎʝʣʴʶ ʵʪʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ 

ʠʟʫʯʝʥʠʝ ʚʦʟʤʦʞʥʦʡ ʨʦʣʠ ɸʌʂ ʧʨʠ ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʘ, ʚ ʤʦʜʫʣʷʮʠʠ ʮʠʪʦʩʢʝʣʝʪʘ ʠ 

ʚ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʬʠʙʨʦʙʣʘʩʪʦʚ. SkQ1 ʚ ʥʘʥʦʤʦʣʷʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ  

ʘʢʪʠʚʠʨʦʚʘʣ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ Rho/ROCK/LIMK, ʧʦʩʣʝ ʯʝʛʦ ʩʣʝʜʦʚʘʣʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʢʦʬʠʣʠʥʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʷ ʘʢʪʠʥʦʚʳʭ ʩʪʨʝʩʩʦʚʳʭ ʚʦʣʦʢʦʥ, ʘ 

http://www.ncbi.nlm.nih.gov/pubmed?term=Thoolen%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21191096
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ʟʘʪʝʤ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʘ ʧʦʜʢʦʞʥʳʭ ʬʠʙʨʦʙʣʘʩʪʦʚ ʯʝʣʦʚʝʢʘ ʚ ʤʠʦʬʠʙʨʦʙʣʘʩʪʳ, 

ʯʪʦ ʧʦʢʘʟʘʣʘ ʵʢʩʧʨʝʩʩʠʷ ʚ ʵʪʠʭ ʢʣʝʪʢʘʭ ʦʩʦʙʦʡ ʠʟʦʬʦʨʤʳ ʬʠʙʨʦʥʝʢʪʠʥʘ (EDA-

ʌʅ) ʠ ʛʣʘʜʢʦʤʳʰʝʯʥʦʛʦ ʘʢʪʠʥʘ (Ŭ-ɻʄɸ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ ʪʘʢʞʝ, ʯʪʦ ʵʪʦʪ ʵʬʬʝʢʪ 

ʦʧʦʩʨʝʜʦʚʘʥ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʤ ʬʘʢʪʦʨʦʤ ʨʦʩʪʘ ɓ1 (TGFɓ1), ʢʦʪʦʨʳʡ 

ʘʢʪʠʚʠʨʦʚʘʣʩʷ ʤʘʪʨʠʢʩʥʦʡ ʤʝʪʘʣʣʦʧʨʦʪʝʠʥʘʟʦʡ-9 (MMP9) ʚ ʢʫʣʴʪʫʨʘʣʴʥʦʡ ʩʨʝʜʝ. 

ʋʜʘʣʝʥʠʝ ɸʌʂ ʩʪʠʤʫʣʠʨʦʚʘʣʦ ʩʝʢʨʝʮʠʶ MMP9, ʥʦ ʥʝ ʝʝ ʧʨʦʮʝʩʩʠʥʛ. ʊʦʪ ʞʝ 

ʵʬʬʝʢʪ ʜʦʩʪʠʛʘʣʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʪʨʦʣʦʢʩʘ ʧʨʠ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʦʜʥʘʢʦ ʪʠʦʣ-ʩʦʜʝʨʞʘʱʠʡ ʘʥʪʠʦʢʩʠʜʘʥʪ NAC 

ʠʥʛʠʙʠʨʦʚʘʣ ʘʢʪʠʚʥʦʩʪʴ MMP9 ʠ ʦʢʘʟʘʣʩʷ ʥʝ ʚ ʩʦʩʪʦʷʥʠʠ ʠʥʜʫʮʠʨʦʚʘʪʴ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʤʠʦʬʠʙʨʦʙʣʘʩʪʦʚ. ʌʝʥʦʪʠʧ ʤʠʦʬʠʙʨʦʙʣʘʩʪʦʚ ʧʦʜʜʝʨʞʠʚʘʣʩʷ 

ʙʣʘʛʦʜʘʨʷ ʘʫʪʦʢʨʠʥʥʦʡ TGFɓ1-ʟʘʚʠʩʠʤʦʡ ʩʪʠʤʫʣʷʮʠʠ ʧʦʩʣʝ ʫʜʘʣʝʥʠʷ SkQ1. 

ɸʚʪʦʨʘʤʠ ʙʳʣ ʩʜʝʣʘʥ ʚʳʚʦʜ, ʯʪʦ ʫʜʘʣʝʥʠʝ ɸʌʂ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʠʥʜʫʮʠʨʫʝʪ 

TGFɓ1-ʟʘʚʠʩʠʤʫʶ ʜʠʬʬʝʨʝʥʮʠʘʮʠʶ ʤʠʦʬʠʙʨʦʙʣʘʩʪʦʚ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʢʨʘʡʥʝ 

ʚʘʞʥʦ ʜʣʷ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʘ ʟʘʞʠʚʣʝʥʠʷ ʨʘʥ, ʦʜʥʘʢʦ, ʦʜʥʦʚʨʝʤʝʥʥʦ ʤʦʞʝʪ 

ʫʩʠʣʠʚʘʪʴ ʨʘʟʚʠʪʠʝ ʬʠʙʨʦʟʘ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SkQ1 ʧʦʟʠʪʠʚʥʦ 

ʚʣʠʷʝʪ ʥʘ ʤʥʦʛʠʝ ʨʝʘʢʮʠʠ ʧʨʠ ʟʘʞʠʚʣʝʥʠʠ ʢʦʞʥʳʭ ʨʘʥ [Demianenko et al., 2010]; 

ʯʪʦ ʢʘʩʘʝʪʩʷ ʩʢʣʝʨʦʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʬʠʙʨʦʟʘ, ʪʦ ʜʘʥʥʳʝ ʥʘ ʵʪʦʪ ʩʯʝʪ ʧʦʢʘ 

ʦʪʩʫʪʩʪʚʫʶʪ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʨʫʛʦʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ 

ʘʥʪʠʦʢʩʠʜʘʥʪ ï MitoQ ï ʥʝ ʪʦʣʴʢʦ ʥʝ ʠʥʜʫʮʠʨʦʚʘʣ, ʥʦ ʠ ʜʘʞʝ ʧʨʝʜʦʪʚʨʘʱʘʣ 

ʬʠʙʨʦʟ ʢʣʫʙʦʯʢʦʚ ʧʦʯʢʠ ʧʨʠ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʥʝʬʨʦʧʘʪʠʠ ʫ ʤʳʰʝʡ, ʠʥʛʠʙʠʨʫʷ ʨʷʜ 

ʧʨʦʬʠʙʨʦʪʠʯʝʩʢʠʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʧʨʝʜʦʪʚʨʘʱʘʷ ʥʘʢʦʧʣʝʥʠʝ ʚ ʷʜʨʘʭ ʙʝʪʘ-

ʢʘʪʝʥʠʥʘ ʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ Smad2/3 [Chacko et 

al., 2010]. ʕʪʠ ʜʘʥʥʳʝ ʚʧʦʣʥʝ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʨʦʣʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʨʘʟʚʠʪʠʠ ʬʠʙʨʦʟʘ [Walters et al., 2008]. ʀʟ ʜʨʫʛʠʭ 

ʜʘʥʥʳʭ ʦ ʚʣʠʷʥʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʢʣʝʪʦʯʥʦʡ 

ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʧʨʦʣʠʬʝʨʘʮʠʠ (ʛʠʧʝʨʧʣʘʟʠʠ) ʟʘʩʣʫʞʠʚʘʶʪ ʫʧʦʤʠʥʘʥʠʷ ʨʝʟʫʣʴʪʘʪʳ 

ʨʘʙʦʪʳ [Schäfer, M., 2003], ʚ ʢʦʪʦʨʦʡ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ MitoQ ʧʦʜʘʚʣʷʪʴ 

ʧʨʦʣʠʬʝʨʘʮʠʶ ʵʥʜʦʪʝʣʠʘʣʴʥʳʭ ʢʣʝʪʦʢ ʚ ʦʪʚʝʪ ʥʘ ʛʠʧʦʢʩʠʶ, ʯʪʦ ʤʦʞʝʪ ʠʤʝʪʴ 

ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ, ʥʘʧʨʠʤʝʨ, ʚ ʦʥʢʦʣʦʛʠʠ ʠ ʚ ʦʬʪʘʣʴʤʦʣʦʛʠʯʝʩʢʦʡ 

ʧʘʪʦʣʦʛʠʠ. 
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ʉʫʱʝʩʪʚʫʶʪ ʩʦʦʙʱʝʥʠʷ ʦ ɸʌʂ ʚ ʢʘʯʝʩʪʚʝ ʨʝʛʫʣʷʪʦʨʦʚ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ 

ʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ, ʤʠʦʬʠʙʨʦʙʣʘʩʪʦʚ ʠ ʦʩʪʝʦʢʣʘʩʪʦʚ [Bai et al., 2005; Popova et al., 

2010; Srinivasan et al., 2010; Lee et al., 2011; Nierobisz et al.2011; Hyeon et al., 2013] 

ʦʜʥʘʢʦ ʦ ʪʦʤ, ʤʦʛʫʪ ʣʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʚʣʠʷʪʴ ʥʘ ʪʝʯʝʥʠʝ 

ʧʦʜʦʙʥʳʭ ʤʝʪʘʧʣʘʩʪʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ in vivo, ʧʦʢʘ ʥʠʯʝʛʦ ʥʝ ʠʟʚʝʩʪʥʦ. 

ʆʪʥʦʩʠʪʝʣʴʥʦ ʤʥʦʛʦ ʧʫʙʣʠʢʘʮʠʡ ʙʳʣʦ ʧʦʩʚʷʱʝʥʦ ʚʣʠʷʥʠʶ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʧʨʦʮʝʩʩʳ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʠ 

ʢʦʤʧʝʥʩʘʪʦʨʥʳʡ ʦʪʚʝʪ ʧʦʩʣʝ ʨʘʟʣʠʯʥʳʭ ʧʦʚʨʝʞʜʘʶʱʠʭ ʚʦʟʜʝʡʩʪʚʠʡ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʚ ʥʝʨʚʥʦʡ ʪʢʘʥʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SkQ1 ʫʚʝʣʠʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʧʣʘʩʪʠʯʥʦʩʪʴ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʦʪʚʝʪʘ ʧʨʠ 

ɸʣʴʮʛʝʡʤʝʨ-ʧʦʜʦʙʥʦʡ ʠ ʜʨʫʛʦʡ ʚʦʟʨʘʩʪʥʦʡ ʥʝʡʨʦʧʘʪʦʣʦʛʠʠ ʫ ʢʨʳʩ 

[Amstislavskaya et al., 2010; Stefanova et al., 2010; Skulachev,  2012; Stefanova et al., 

2014], ʧʦʩʣʝ ʪʨʘʚʤʳ ʤʦʟʛʘ [Isaev et al., 2012], ʚʦʟʜʝʡʩʪʚʠʷ ʙʝʪʘ-ʘʤʠʣʦʠʜʦʤ ʥʘ 

ʛʠʧʧʦʢʘʤʧ ex vivo  [Kapay et al., 2011; Kapay et al., 2013] (ʧʦʩʣʝʜʥʠʡ ʵʬʬʝʢʪ ʙʳʣ 

ʧʦʢʘʟʘʥ ʪʘʢʞʝ ʜʣʷ MitoQ) [Ma et al., 2011].  

ʉʫʱʝʩʪʚʫʶʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʫʢʘʟʘʥʠʷ ʥʘ ʨʦʣʴ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ɸʌʂ ʚ ʨʘʟʚʠʪʠʠ ʛʠʧʝʨʪʨʦʬʠʠ ʤʠʦʢʘʨʜʘ, ʢʦʪʦʨʘʷ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʷʚʣʷʝʪʩʷ ʥʝʙʣʘʛʦʧʨʠʷʪʥʦʡ ʬʦʨʤʦʡ ʦʪʚʝʪʘ ʧʨʠ ʙʦʣʴʰʦʤ ʯʠʩʣʝ 

ʟʘʙʦʣʝʚʘʥʠʡ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʦʡ ʩʠʩʪʝʤʳ, ʯʘʩʪʦ ʟʘʢʘʥʯʠʚʘʷʩʴ ʜʝʢʦʤʧʝʥʩʘʮʠʝʡ ʠ 

ʜʠʣʘʪʘʮʠʝʡ [Li  et al., 1995; Lebovitz et al., 1996, Cieslik et al.,  2011; Tsutsui et al., 

2011; Maulik, Kumar, 2012; Madamanchi, Runge, 2013]. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʙʳʣʠ 

ʧʨʝʜʧʨʠʥʷʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʢʘʟʘʚʰʠʝ, ʯʪʦ MitoQ ʩʥʠʞʘʝʪ ʨʘʟʚʠʪʠʝ 

ʛʠʧʝʨʪʨʦʬʠʠ ʤʠʦʢʘʨʜʘ ʫ ʞʠʚʦʪʥʳʭ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʠʧʝʨʪʦʥʠʯʝʩʢʦʡ 

ʙʦʣʝʟʥʴʶ, ʧʨʠʯʝʤ ʘʚʪʦʨʳ ʩʚʷʟʳʚʘʶʪ ʵʪʦʪ ʵʬʬʝʢʪ ʩ ʫʣʫʯʰʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʩʦʩʪʦʷʥʠʷ ʵʥʜʦʪʝʣʠʷ ʢʨʦʚʝʥʦʩʥʳʭ ʩʦʩʫʜʦʚ [Graham et al., 2009].  

ɸʪʨʦʬʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ, ʢʦʪʦʨʳʡ 

ʚʦʟʥʠʢʘʝʪ ʢʘʢ ʩʣʝʜʩʪʚʠʝ ʨʘʩʪʷʥʫʪʦʛʦ ʚʦ ʚʨʝʤʝʥʠ ʩʣʘʙʦʛʦ ʧʦʚʨʝʞʜʘʶʱʝʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʚ ʨʝʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʫʩʠʣʠʚʘʝʪʩʷ ʘʧʦʧʪʦʟ ʠ/ʠʣʠ ʩʥʠʞʘʝʪʩʷ 

ʩʧʦʩʦʙʥʦʩʪʴ ʪʢʘʥʠ ʢ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʠʣʠ ʚʥʝʢʣʝʪʦʯʥʦʡ ʨʝʧʘʨʘʪʠʚʥʦʡ 

ʨʝʛʝʥʝʨʘʮʠʠ [ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 1979;  ʉʘʨʢʠʩʦʚ, 1988; ʉʪʨʫʢʦʚ, ʉʝʨʦʚ 1995; 
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ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; ʃʝʢʮʠʠé, 2003; Majno,  2004; Greaves, 

2007; Underwood, 2009; Toxicologic pathologyé, 2013; ʇʘʫʢʦʚ, 2015]. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʘʪʨʦʬʠʷ ʤʦʞʝʪ ʚʦʟʥʠʢʘʪʴ ʢʘʢ ʧʦʩʣʝʜʩʪʚʠʝ ʩʣʘʙʦʡ ʠ ʜʣʠʪʝʣʴʥʦʡ 

ʘʣʴʪʝʨʘʮʠʠ, ʪʘʢ ʠ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ 

ʨʝʘʢʮʠʡ (ʜʝʢʦʤʧʝʥʩʘʮʠʠ). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʘʪʨʦʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʨʷʜʘ ʦʨʛʘʥʦʚ 

(ʪʠʤʫʩʘ, X-ʟʦʥʳ ʥʘʜʧʦʯʝʯʥʠʢʦʚ, ʩʝʣʝʟʝʥʢʠ, ʤʳʰʮ, ʛʦʥʘʜ, ʥʝʡʨʦʥʦʚ ʩʝʪʯʘʪʢʠ ʠ 

ʚʥʫʪʨʝʥʥʝʛʦ ʫʭʘ ʠ ʜʨ.) ʯʘʩʪʦ ʚʦʟʥʠʢʘʶʪ ʢʘʢ ʚʦʟʨʘʩʪ-ʟʘʚʠʩʠʤʳʝ ʧʨʦʮʝʩʩʳ 

(ʩʪʘʨʯʝʩʢʘʷ ʠʥʚʦʣʶʮʠʷ) ʠ ʚʦ ʤʥʦʛʦʤ ʦʙʫʩʣʦʚʣʝʥʳ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ ʛʦʨʤʦʥʘʣʴʥʦʛʦ ʬʦʥʘ [ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; ʃʝʢʮʠʠé, 1996;  

Monographs on Pathology of Laboratory Animalsé, 1983-1998; Pathology of the 

mouse: reference and atlasé, 1999; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; Greaves, 2007; 

Underwood, 2009; Toxicologic pathologyé, 2013]. ʂʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚʳʰʝ, 

ʘʣʴʪʝʨʘʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ (ʘʧʦʧʪʦʟ) ʠ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʦʪʯʘʩʪʠ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ ʤʦʛʫʪ ʤʦʜʫʣʠʨʦʚʘʪʴʩʷ ɸʌʂ-ʟʘʚʠʩʠʤʳʤʠ 

ʩʠʛʥʘʣʴʥʳʤʠ ʧʫʪʷʤʠ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʤʦʞʥʦ ʦʞʠʜʘʪʴ, ʯʪʦ ʠ ʚ ʧʨʦʮʝʩʩʘʭ ʘʪʨʦʬʠʠ 

ɸʌʂ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʝʥʥʫʶ ʨʦʣʴ, ʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʤʦʛʫʪ 

ʦʢʘʟʘʪʴʩʷ ʵʬʬʝʢʪʠʚʥʳʤʠ ʧʨʠ ʧʘʪʦʣʦʛʠʷʭ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ ʣʝʞʠʪ ʘʪʨʦʬʠʷ. 

ʀʤʝʝʪʩʷ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʧʦʟʚʦʣʷʶʱʠʭ ʩʫʜʠʪʴ ʦ ʥʘʣʠʯʠʠ ʫ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʜʝʡʩʪʚʠʷ ʚ ʦʪʥʦʰʝʥʠʠ ʘʪʨʦʬʠʯʝʩʢʠʭ 

ʟʘʙʦʣʝʚʘʥʠʡ.  ʉʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʜʘʥʥʳʤ, MitoQ ʩʧʦʩʦʙʝʥ ʟʘʤʝʜʣʷʪʴ 

ʨʘʟʚʠʪʠʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʘʤʠʦʪʨʦʬʠʯʝʩʢʦʛʦ ʣʘʪʝʨʘʣʴʥʦʛʦ ʩʢʣʝʨʦʟʘ [Miquel et 

al., 2014] ʠ ʚʨʦʞʜʝʥʥʦʡ ʨʝʪʠʥʦʧʘʪʠʠ [Vlachantoni et al., 2011], ʘ SkQ1 - 

ʩʘʨʢʦʧʝʥʠʠ, ʨʝʪʠʥʦʧʘʪʠʠ, ʦʩʪʝʦʧʦʨʦʟʘ ʠ ʠʥʚʦʣʶʮʠʠ ʪʠʤʫʩʘ ʫ ʫʩʢʦʨʝʥʥʦ 

ʩʪʘʨʝʶʱʠʭ ʢʨʳʩ OXYS [Vays et al., 2014, Obukhova et al., 2009, Markovets et al., 

2011]. ɹʦʣʴʰʘʷ ʨʘʙʦʪʳ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʵʬʬʝʢʪʦʚ SkQ1 ʥʘ ʘʪʨʦʬʠʯʝʩʢʠʝ 

ʚʦʟʨʘʩʪʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ ʛʣʘʟ ʨʘʟʥʳʭ ʞʠʚʦʪʥʳʭ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʠ ʚ ʢʣʠʥʠʢʝ ʙʳʣʘ  

ʚʳʧʦʣʥʝʥʘ ɺ.ɺ. ʅʝʨʦʝʚʳʤ ʠ ʩʦʘʚʪʦʨʘʤʠ [Neroev et al., 2008]. ɺʚʝʜʝʥʠʝ ʢʘʧʝʣʴ  

SkQ1 ʦʢʘʟʳʚʘʣʦ ʤʦʱʥʦʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʥʘ ʫʞʝ ʨʘʟʚʠʚʰʠʝʩʷ  

ʢʘʪʘʨʘʢʪʫ ʠ ʨʝʪʠʥʦʧʘʪʠʶ ʫ ʢʨʳʩ OXYS ʚ ʚʦʟʨʘʩʪʝ 3-12 ʤʝʩʷʮʝʚ, ʥʦ ʥʝ 24 ʤʝʩʷʮʝʚ. 

ʂʘʧʣʠ ʩ SkQ1 ʧʨʝʧʷʪʩʪʚʦʚʘʣʠ ʨʘʟʚʠʪʠʶ ʛʣʘʫʢʦʤʳ. ɺ ʚʝʪʝʨʠʥʘʨʥʦʡ ʢʣʠʥʠʢʝ 
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ʣʝʯʝʥʠʝ ʢʘʧʣʷʤʠ  SkQ1 ʧʦʣʫʯʘʣʠ 293 ʞʠʚʦʪʥʳʭ (ʩʦʙʘʢ, ʢʦʰʝʢ ʠ ʣʦʰʘʜʝʡ), 

ʩʪʨʘʜʘʚʰʠʭ ʨʝʪʠʥʦʧʘʪʠʷʤʠ. ɺ 61 ʩʣʫʯʘʝ ʧʦʩʣʝ ʣʝʯʝʥʠʷ ʧʦʩʨʝʜʩʪʚʦʤ SkQ1 ʟʨʝʥʠʝ 

ʚʦʩʩʪʘʥʦʚʠʣʦʩʴ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ex vivo ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 20 ʥʄ SkQ1 

ʩʠʣʴʥʦ ʠʥʛʠʙʠʨʦʚʘʣ ʤʘʢʨʦʬʘʛʘʣʴʥʫʶ ʪʨʘʥʩʬʦʨʤʘʮʠʶ ʢʣʝʪʦʢ ʧʠʛʤʝʥʪʥʦʛʦ 

ʵʧʠʪʝʣʠʷ ʧʨʠ ʢʫʣʴʪʠʚʘʮʠʠ ʟʘʜʥʝʛʦ ʩʝʢʪʦʨʘ ʛʣʘʟʘ. ʕʪʦʪ ʵʬʬʝʢʪ ʚʦʟʤʦʞʥʦ ʩʚʷʟʘʥ ʩ 

ʥʘʙʣʶʜʘʝʤʳʤ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ SkQ1 in vivo. ɼʘʣʴʥʝʡʰʝʝ ʠʟʫʯʝʥʠʝ 

ʧʦʢʘʟʘʣʦ, ʯʪʦ ʵʬʬʝʢʪ SkQ1 ʥʘ ʨʝʪʠʥʦʧʘʪʠʶ ʩʚʷʟʘʥ, ʚ ʪʦʤ ʯʠʩʣʝ, ʩ ʥʦʨʤʘʣʠʟʘʮʠʝʡ 

ʵʢʩʧʨʝʩʩʠʠ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ ʩʦʩʫʜʦʚ (VEGF ʠ PEDF) ʚ ʩʝʪʯʘʪʢʝ ʢʨʳʩ ʣʠʥʠʠ OXYS 

[Markovets et al., 2011]. ʉʪʦʠʪ, ʦʜʥʘʢʦ, ʦʪʤʝʪʠʪʴ, ʯʪʦ ʘʚʪʦʨʳ ʥʝ ʦʙʩʫʞʜʘʶʪ, ʙʳʣ 

ʣʠ ʵʬʬʝʢʪ SkQ1 ʚ ʢʦʥʝʯʥʦʤ ʩʯʝʪʝ ʩʚʷʟʘʥ ʩ ʟʘʤʝʜʣʝʥʠʝʤ ʘʪʨʦʬʠʠ ʠʣʠ ʩ ʨʘʟʚʠʪʠʝʤ 

ʢʘʢʠʭ-ʪʦ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʝʪʯʘʪʢʝ.  

 

1.4.4 ʆʧʫʭʦʣʝʚʳʡ ʨʦʩʪ 

ʇʦʥʷʪʠʝ çʦʧʫʭʦʣʝʚʳʡ ʨʦʩʪè ʦʙʲʝʜʠʥʷʝʪ ʚ ʩʝʙʝ ʦʛʨʦʤʥʦʝ ʠ ʥʝʚʝʨʦʷʪʥʦ 

ʤʥʦʛʦʦʙʨʘʟʥʦʝ ʯʠʩʣʦ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʢʦʪʦʨʳʤʠ 

ʢʨʦʶʪʩʷ ʚ ʠʭ ʪʢʘʥʝʚʦʤ ʧʨʦʠʩʭʦʞʜʝʥʠʠ ʠ ʥʘʙʦʨʝ ʤʦʣʝʢʫʣʷʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ 

ʛʝʥʝʪʠʯʝʩʢʦʤ ʘʧʧʘʨʘʪʝ. ʆʙʱʝʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ ʷʚʣʷʝʪʩʷ 

ʥʘʨʫʰʝʥʥʳʡ ʢʦʥʪʨʦʣʴ ʟʘ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʝʡ ʠ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʦʡ 

[ɸʚʮʳʥ, ʐʘʭʣʘʤʦʚ, 1979; ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, 

ɸʥʠʯʢʦʚ, 2001; ʃʝʢʮʠʠé, 2003; Underwood, 2009; ʇʘʫʢʦʚ, 2015]. ɼʨʫʛʠʝ ʩʚʦʡʩʪʚʘ 

ï ʢʣʝʪʦʯʥʘʷ ʠ ʪʢʘʥʝʚʘʷ ʘʪʠʧʠʷ, ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʠʥʚʘʟʠʚʥʦʤʫ ʨʦʩʪʫ, ʨʘʟʥʳʤ ʪʠʧʘʤ 

ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʷ ʠ ʪ.ʜ. ʚʘʨʴʠʨʫʶʪ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʪʠʧʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʠ 

ʜʘʞʝ ʤʝʞʜʫ ʠʥʜʠʚʠʜʫʘʣʴʥʳʤʠ ʩʣʫʯʘʷʤʠ ʦʧʫʭʦʣʝʡ [ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995; 

ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; ʃʝʢʮʠʠé, 2003].  ʀʥʚʘʟʠʚʥʳʡ ʨʦʩʪ ʠ 

ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʛʝʥʝʨʘʣʠʟʘʮʠʠ ʩʚʦʡʩʪʚʝʥʥʳ ʧʨʝʞʜʝ ʚʩʝʛʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʤ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʤ; ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʝ ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ ʧʨʦʠʩʭʦʜʠʪ 

ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʨʝʜʢʦ [ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995]. ʇʦʩʣʝʜʥʠʝ, ʢʨʦʤʝ ʪʦʛʦ, 

ʧʨʝʜʩʪʘʚʣʷʶ ʩʦʙʦʡ ʦʯʝʥʴ ʩʣʘʙʦ ʦʯʝʨʯʝʥʥʫʶ ʛʨʫʧʧʫ, ʧʦʩʢʦʣʴʢʫ ʛʨʘʥʠʮʳ ʤʝʞʜʫ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʤʠ ʦʧʫʭʦʣʷʤʠ ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʦʨʦʢʘʤʠ ʨʘʟʚʠʪʠʷ ʠ 
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ʛʠʧʝʨʧʣʘʟʠʷʤʠ ï ʩ ʜʨʫʛʦʡ ʧʨʦʚʦʜʷʪʩʷ ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʩʣʦʚʥʳʭ ʧʨʠʟʥʘʢʦʚ. 

ɺʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʩʪʘʜʠʠ ʨʘʟʚʠʪʠʷ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʦʧʫʭʦʣʝʡ: ʠʥʠʮʠʘʮʠʶ, 

ʩʚʷʟʘʥʥʫʶ ʩ ʧʨʠʦʙʨʝʪʝʥʠʝʤ ʢʣʝʪʢʦʡ ʪʝʤ ʠʣʠ ʠʥʳʤ ʧʫʪʝʤ ʛʝʥʝʪʠʯʝʩʢʠʭ ʠʣʠ 

ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, ʚʳʟʳʚʘʶʱʠʭ ʤʘʣʠʛʥʠʟʘʮʠʶ; ʧʨʦʤʦʮʠʶ ï ʩʪʘʜʠʶ, ʚʦ 

ʚʨʝʤʷ ʢʦʪʦʨʦʡ ʧʨʦʠʩʭʦʜʠʪ ʩʝʣʝʢʪʠʚʥʦʝ ʨʘʟʤʥʦʞʝʥʠʝ ʢʣʦʥʘ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʢʣʝʪʦʢ ʠ ʧʨʦʛʨʝʩʩʠʶ ï ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʦ ʦʧʫʭʦʣʠ ʠ ʝʝ 

ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʝ ʧʦ ʦʨʛʘʥʠʟʤʫ ʣʠʤʬʦʛʝʥʥʳʤ, ʛʝʤʘʪʦʛʝʥʥʳʤ ʠʣʠ 

ʠʤʧʣʘʥʪʘʮʠʦʥʥʳʤ ʧʫʪʝʤ [Guyton, Kensler, 1993; ʃʝʢʮʠʠé, 1996; ɸʥʠʩʠʤʦʚ, 

2008].  

ɸʌʂ, ʦʙʨʘʟʫʶʱʠʝʩʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʤʦʛʫʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʧʨʦʮʝʩʩʘʭ ʥʝʦʧʣʘʩʪʠʯʝʩʢʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ ʠ ʢʘʥʮʝʨʦʛʝʥʝʟʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʥʘ 

ʵʪʘʧʝ ʠʥʠʮʠʘʮʠʠ ʦʧʫʭʦʣʠ, ʯʪʦ ʩʚʷʟʘʥʦ ʩ ʛʝʥʦʪʦʢʩʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ ʩʚʦʙʦʜʥʳʭ 

ʨʘʜʠʢʘʣʦʚ [Ames, 1989; Harman, 1992, Guyton, Kensler, 1993; Martínez-Cayuela, 

1995;  Farinati, 1998; ɸʥʠʩʠʤʦʚ, 2008; Gupta, 2014]. ʆ ʨʦʣʠ ɸʌʂ ʥʘ ʵʪʘʧʘʭ 

ʧʨʦʤʦʮʠʠ ʠ ʧʨʦʛʨʝʩʩʠʠ ʦʧʫʭʦʣʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʚ ʤʝʪʘʩʪʘʟʠʨʦʚʘʥʠʠ, ʠʟʚʝʩʪʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʥʴʰʝ [Harman, 1992; Guyton, Kensler, 1993]. ʇʨʠ ʵʪʦʤ ʚʘʞʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʨʘʜʠʮʠʦʥʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʙʳʣʠ ʩʧʦʩʦʙʥʳ ʪʦʣʴʢʦ ʫʜʣʠʥʷʪʴ 

ʣʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ ʨʘʟʚʠʪʠʷ ʩʧʦʥʪʘʥʥʳʭ ʦʧʫʭʦʣʝʡ ʫ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ, 

ʧʨʠʯʝʤ ʯʘʩʪʦʪʘ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʜʘʞʝ ʧʦʚʳʰʘʣʘʩʴ ʙʣʘʛʦʜʘʨʷ ʫʚʝʣʠʯʝʥʠʶ 

ʩʨʝʜʥʝʡ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʠ ʫʚʝʣʠʯʝʥʠʶ ʯʠʩʣʘ ʦʩʦʙʝʡ, ʜʦʞʠʚʰʠʭ ʜʦ 

ʩʨʦʢʘ ʧʦʷʚʣʝʥʠʷ ʦʧʫʭʦʣʠ [ɸʥʠʩʠʤʦʚ, 2008].  

ɻʦʚʦʨʷ ʦ ʤʝʩʪʝ ʧʨʦʙʣʝʤʳ ɸʌʂ ʨʘʟʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ ʚ ʦʥʢʦʣʦʛʠʠ, ʥʝʣʴʟʷ 

ʥʝ ʫʧʦʤʷʥʫʪʴ, ʯʪʦ ʦʥʠ ʠʛʨʘʶʪ ʙʦʣʴʰʫʶ ʨʦʣʴ ʚ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ 

ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʠ ʨʷʜʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʧʨʠʤʝʥʷʝʤʳʭ ʜʣʷ 

ʪʝʨʘʧʠʠ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ [Martínez-Cayuela, 1995]. 

ʆ ʚʦʟʤʦʞʥʦʤ ʚʣʠʷʥʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʧʨʦʮʝʩʩʳ 

ʠʥʠʮʠʘʮʠʠ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ ʤʦʞʥʦ ʩʫʜʠʪʴ ʧʦ ʢʦʩʚʝʥʥʳʤ ʜʘʥʥʳʤ, ʩʦʛʣʘʩʥʦ 

ʢʦʪʦʨʳʤ SkQ1 ʩʧʦʩʦʙʝʥ ʦʢʘʟʳʚʘʪʴ ʘʥʪʠʤʫʪʘʛʝʥʥʳʡ ʵʬʬʝʢʪ ʠ ʩʥʠʞʘʪʴ ʬʦʥʦʚʳʡ 

ʫʨʦʚʝʥʴ ʭʨʦʤʦʩʦʤʥʳʭ ʘʥʦʤʘʣʠʡ  [Chistyakov et al., 2010], ʘ MitoQ ï ʠʥʛʠʙʠʨʦʚʘʪʴ 
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ʦʙʨʘʟʦʚʘʥʠʝ ʤʠʢʨʦʷʜʝʨ, ʚʳʟʚʘʥʥʦʛʦ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʢʦʙʘʣʴʪʘ [Raghunathan et al., 

2013]. 

ʆʧʫʙʣʠʢʦʚʘʥʦ ʥʝʤʘʣʦ ʨʘʙʦʪ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʚʳʧʦʣʥʝʥʥʳʭ ʥʘ ʨʘʟʣʠʯʥʳʭ ʣʠʥʠʷʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ, ʛʜʝ ʵʪʠ 

ʧʦʩʣʝʜʥʠʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʢʘʢ ʤʦʜʝʣʠ ʠʭ ʥʦʨʤʘʣʴʥʳʭ ʘʥʘʣʦʛʦʚ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, 

ʩʦʦʙʱʝʥʠʷ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʠʟʫʯʝʥʠʷ ʵʬʬʝʢʪʦʚ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʪʘʨʛʝʪʠʨʦʚʘʥʥʳʭ ʚʝʱʝʩʪʚ ʥʘ ʦʧʫʭʦʣʝʚʳʡ ʨʦʩʪ ʢʘʢ ʪʘʢʦʚʦʡ ʧʦʢʘ 

ʯʪʦ ʝʜʠʥʠʯʥʳ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ [Agapova et al., 2008], ʯʪʦ SkQ1 ʜʦʙʘʚʣʝʥʥʳʡ 

ʚ ʧʠʪʴʝʚʫʶ ʚʦʜʫ (5 ʥʤʦʣʴ/ʢʛ ʚ ʜʝʥʴ) ʧʦʜʘʚʣʷʝʪ ʩʧʦʥʪʘʥʥʦʝ ʨʘʟʚʠʪʠʝ ʦʧʫʭʦʣʝʡ 

(ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʣʠʤʬʦʤ) ʫ ʤʳʰʝʡ ʣʠʥʠʠ p53
ï
/
ï
 ʠ ʪʦʨʤʦʟʠʪ ʨʦʩʪ ʢʩʝʥʦʛʨʘʬʪʦʚ 

HCT116/p53
ï
/
ï
 ʨʘʢʘ ʦʙʦʜʦʯʥʦʡ ʢʠʰʢʠ ʯʝʣʦʚʝʢʘ ʥʘ ʙʝʩʪʠʤʫʩʥʳʭ ʤʳʰʘʭ. SkQ1 ʥʝ 

ʚʳʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʨʦʩʪʝ ʦʧʫʭʦʣʝʚʳʭ ʢʩʝʥʦʛʨʘʬʪʦʚ SiHa (HPV-

16-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʨʘʢʘ ʰʝʡʢʠ ʤʘʪʢʠ ʯʝʣʦʚʝʢʘ), ʦʜʥʘʢʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ ʤʳʰʝʡ ʩ ʦʧʫʭʦʣʷʤʠ ʟʘʤʝʪʥʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ SkQ1 ʠ ʜʨʫʛʠʝ 

ʢʘʪʠʦʥʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʷʚʣʷʶʪʩʷ ʩʫʙʩʪʨʘʪʘʤʠ ʜʣʷ P-ʛʣʠʢʦʧʨʦʪʝʠʥʘ, 

ʧʦʚʳʰʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ, ʦʧʨʝʜʝʣʷʝʪ ʤʥʦʞʝʩʪʚʝʥʥʫʶ ʣʝʢʘʨʩʪʚʝʥʥʫʶ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʡ 

ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʵʬʬʝʢʪ SkQ1 ʚ ʢʩʝʥʦʛʨʘʬʪʘʭ HCT116 ʩ ʤʫʪʘʥʪʥʦʡ ʬʦʨʤʦʡ 

p53, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʦʚʳʰʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ P-ʛʣʠʢʦʧʨʦʪʝʠʥʘ ʠ ʩʥʠʞʝʥʠʝʤ 

ʥʘʢʦʧʣʝʥʠʷ SkQ1 ʚ ʵʪʠʭ ʢʣʝʪʢʘʭ. SkQ1 ʠʥʛʠʙʠʨʫʝʪ ʧʨʦʣʠʬʝʨʘʮʠʶ ʢʣʝʪʦʢ HCT116 

p53
ï
/
ï
 ʠ SiHa ʠ ʚʳʟʳʚʘʝʪ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʫ ʨʘʟʣʠʯʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ in vitro. 

ʇʦʜ ʜʝʡʩʪʚʠʝʤ SkQ1 ʥʘʙʣʶʜʘʝʪʩʷ ʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʝ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʢʣʝʪʦʢ, 

ʦʨʛʘʥʠʟʘʮʠʠ ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʧʦʷʚʣʝʥʠʝ ɽ-ʢʘʜʛʝʨʠʥʧʦʟʠʪʠʚʥʳʭ ʤʝʞʢʣʝʪʦʯʥʳʭ 

ʢʦʥʪʘʢʪʦʚ ʫ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʵʧʠʪʝʣʠʘʣʴʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ. ɺ Ras- ʠ SV40-

ʪʨʘʥʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʬʠʙʨʦʙʣʘʩʪʘʭ SkQ1 ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʘʢʪʠʥʦʚʳʝ ʩʪʨʝʩʩ-

ʬʠʙʨʠʣʣʳ ʠ ʬʦʢʘʣʴʥʳʝ ʢʦʥʪʘʢʪʳ. SkQ1ʧʦʜʘʚʣʷʝʪ ʨʦʩʪ ʩʦʩʫʜʦʚ ʚ ʠʤʧʣʘʥʪʘʪʘʭ 

ʤʘʪʨʠʛʝʣʷ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ɸʌʂ ʚ 

ʦʧʫʭʦʣʝʚʦʤ ʘʥʛʠʦʛʝʥʝʟʝ. ʊʨʘʜʠʮʠʦʥʥʳʡ ʘʥʪʠʦʢʩʠʜʘʥʪ NAC, ʠʩʧʦʣʴʟʦʚʘʥʥʳʡ ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʴʥʦʛʦ ʩʦʝʜʠʥʝʥʠʷ, ʪʘʢʞʝ ʟʘʤʝʜʣʷʣ ʦʧʫʭʦʣʝʚʳʡ ʨʦʩʪ ʠ ʠʟʤʝʥʷʣ 
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ʬʝʥʦʪʠʧ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ ʧʦʜʦʙʥʦ SkQ1, ʥʦ ʝʛʦ ʵʬʬʝʢʪ ʧʨʦʷʚʣʷʣʩʷ ʣʠʰʴ ʚ 1 

000 000 ʨʘʟ ʙʦʣʴʰʠʭ ʜʦʟʘʭ. ʀʩʢʣʶʯʠʪʝʣʴʥʦ ʚʳʩʦʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ SkQ1, 

ʩʚʷʟʘʥʥʘʷ ʩ ʝʛʦ ʥʘʢʦʧʣʝʥʠʝʤ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʢʘʢ ʢʘʞʝʪʩʷ ʘʚʪʦʨʘʤ ʵʪʦʡ ʨʘʙʦʪʳ, 

ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ɸʌʂ ʚ ʧʨʦʮʝʩʩʝ ʥʝʦʧʣʘʩʪʠʯʝʩʢʦʡ 

ʪʨʘʥʩʬʦʨʤʘʮʠʠ [Agapova et al., 2008].  

ɺ ʜʨʫʛʦʡ ʙʦʣʴʰʦʡ ʨʘʙʦʪʝ ʙʳʣʦ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ SkQ1 ʥʘ ʨʘʟʚʠʪʠʝ 

ʩʧʦʥʪʘʥʥʳʭ ʦʧʫʭʦʣʝʡ ʫ ʤʳʰʝʡ ʪʨʝʭ ʨʘʟʥʳʭ ʣʠʥʠʡ [ʖʨʦʚʘ ʠ ʩʦʘʚʪ., 2010]. 

ʉʘʤʢʘʤ ʘʫʪʙʨʝʜʥʦʡ ʣʠʥʠʠ SHR, ʠʥʙʨʝʜʥʦʡ ʣʠʥʠʠ 129/Sv ʠ ʪʨʘʥʩʛʝʥʥʳʤ ʤʳʰʘʤ 

HER-2/neu (ʩ ʚʳʩʦʢʦʡ ʯʘʩʪʦʪʦʡ ʢʘʨʮʠʥʦʤ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ) ʧʝʨʦʨʘʣʴʥʦ ʩ 

ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʚʚʦʜʠʣʠ SkQ1 ʚ ʩʫʪʦʯʥʳʭ ʜʦʟʘʭ ʦʪ 0,5-2500 ʥʤʦʣʴ/ʢʛ. 

ʂʦʥʪʨʦʣʴʥʳʝ ʤʳʰʠ ʧʦʣʫʯʘʣʠ ʯʠʩʪʫʶ ʧʠʪʴʝʚʫʶ ʚʦʜʫ. ɹʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

SkQ1 ʥʝ ʦʢʘʟʘʣ ʵʬʬʝʢʪʘ ʥʘ ʨʘʟʚʠʪʠʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ ʥʠ ʚ ʦʜʥʦʡ ʠʟ ʧʨʠʤʝʥʝʥʥʳʭ 

ʜʦʟ ʠ ʥʠ ʥʘ ʦʜʥʦʡ ʠʟ ʣʠʥʠʡ ʞʠʚʦʪʥʳʭ.  

ʀʤʝʝʪʩʷ ʪʘʢʞʝ ʦʜʥʘ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʪʝʩʪʠʨʦʚʘʣʦʩʴ ʜʝʡʩʪʚʠʝ SkQ1 ʥʘ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʢʘʥʮʝʨʦʛʝʥʝʟ ʚ ʤʷʛʢʠʭ ʪʢʘʥʷʭ [ɸʥʠʢʠʥ ʠ ʩʦʘʚʪ., 2013]. 90 

ʤʳʰʘʤ-ʩʘʤʢʘʤ SHR ʚʝʩʦʤ 25-30 ʛ ʦʜʥʦʢʨʘʪʥʦ ʧʦʜʢʦʞʥʦ ʚ ʦʙʣʘʩʪʴ ʧʨʘʚʦʛʦ ʙʝʜʨʘ 

ʚʚʦʜʠʣʦʩʴ ʧʦ 2 ʤʛ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʚ 0,2 ʤʣ ʨʘʩʪʠʪʝʣʴʥʦʛʦ ʤʘʩʣʘ. ʂʦʥʪʨʦʣʴʥʳʝ 

ʤʳʰʠ (1-ʷ ʛʨʫʧʧʘ) ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʷʤ ʥʝ ʧʦʜʚʝʨʛʘʣʠʩʴ. ʇʦʜʦʧʳʪʥʳʝ 

ʤʳʰʠ 2-ʡ ʠ 3-ʡ ʛʨʫʧʧ, ʥʘʯʠʥʘʷ ʩʦ ʩʣʝʜʫʶʱʝʛʦ ʜʥʷ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʢʘʥʮʝʨʦʛʝʥʘ, 

ʧʦʣʫʯʘʣʠ ʧʦʩʪʦʷʥʥʦ ʩ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ SkQ1 ʚ ʜʚʫʭ ʜʦʟʘʭ: 5 ʠ 50 ʥʤʦʣʴ/ʢʛ ʚʝʩʘ ʚ 

ʩʫʪʢʠ ʚ ʪʝʯʝʥʠʝ ʚʩʝʡ ʞʠʟʥʠ. ʆʧʳʪ ʙʳʣ ʟʘʚʝʨʰʝʥ ʥʘ 358-ʡ ʜʝʥʴ ʦʧʳʪʘ. ɼʦ 20-ʡ 

ʥʝʜʝʣʠ ʦʧʳʪʘ ʜʠʥʘʤʠʢʘ ʥʘʨʘʩʪʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʳʰʝʡ ʩ ʦʧʫʭʦʣʷʤʠ ʙʳʣʘ ʩʭʦʞʘ 

ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ. ʆʜʥʘʢʦ ʟʘʪʝʤ ʧʨʦʮʝʩʩ ʥʘʨʘʩʪʘʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʤʳʰʝʡ ʩ ʚʧʝʨʚʳʝ 

ʦʙʥʘʨʫʞʝʥʥʳʤʠ ʦʧʫʭʦʣʷʤʠ ʚ ʛʨʫʧʧʘʭ, ʧʦʣʫʯʘʚʰʠʭ SkQ1, ʧʨʦʠʩʭʦʜʠʣ ʤʝʜʣʝʥʥʝʝ, 

ʯʝʤ ʚ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ. ʀʟʫʯʝʥʠʝ ʜʠʥʘʤʠʢʠ ʨʦʩʪʘ ʦʧʫʭʦʣʝʡ ʥʘ ʤʝʩʪʝ ʚʚʝʜʝʥʠʷ 

ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʥʘʠʙʦʣʴʰʠʡ ʧʨʠʨʦʩʪ ʦʙʲʝʤʘ ʦʧʫʭʦʣʝʡ ʥʘʙʣʶʜʘʣʩʷ ʫ 

ʤʳʰʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʙʦʣʝʝ ʙʳʩʪʨʦʡ ʠʭ ʛʠʙʝʣʴʶ. ʂ 30 

ʥʝʜʝʣʝ ʞʠʟʥʠ ʤʳʰʝʡ 1-ʡ ʛʨʫʧʧʳ (ʢʦʥʪʨʦʣʴ) ʚ ʞʠʚʳʭ ʦʩʪʘʣʦʩʴ 20% ʞʠʚʦʪʥʳʭ, ʚʦ 

2-ʡ ʛʨʫʧʧʝ (5 ʥʤʦʣʴ SkQ1) ð 30%, ʚ 3-ʡ ð 40%. ʉʨʝʜʥʠʡ ʦʙʲʝʤ ʦʧʫʭʦʣʝʡ ʢ 40 

ʥʝʜʝʣʝ ʩʦʩʪʘʚʣʷʣ ʚ ʢʦʥʪʨʦʣʝ ʦʢʦʣʦ 40 ʩʤ
3
, 13 ʩʤ

3
 ʚʦ 2-ʡ ʛʨʫʧʧʝ ʠ 21 ʩʤ

3
 ʚ 3-ʡ. 
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ʈʝʟʫʣʴʪʘʪʳ ʧʨʦʚʝʜʝʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʩ 

ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ SQ1ʚ ʜʦʟʘʭ 5 ʠ 50 ʥʤʦʣʴ/ʢʛ ʦʢʘʟʳʚʘʝʪ ʪʦʨʤʦʟʷʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ 

ʢʘʥʮʝʨʦʛʝʥʝʟ ʚ ʤʷʛʢʠʭ ʪʢʘʥʷʭ, ʚʳʟʚʘʥʥʳʡ ʧʦʜʢʦʞʥʳʤ ʚʚʝʜʝʥʠʝʤ ʙʝʥʟ(ʘ)ʧʠʨʝʥʘ 

ʤʳʰʘʤ SHR.  

ʆʧʨʝʜʝʣʝʥʥʳʡ ʠʥʪʝʨʝʩ ʚ ʩʤʳʩʣʝ ʧʨʠʤʝʥʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʚ ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʘ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ ʤʦʛʫʪ 

ʧʨʝʜʩʪʘʚʣʷʪʴ ʜʘʥʥʳʝ ʨʘʙʦʪ ɽ.ʂ. ʌʝʪʠʩʦʚʦʡ ʠ ʩʦʘʚʪʦʨʦʚ  [ʌʝʪʠʩʦʚʘ ʠ ʩʦʘʚʪ., 2010; 

ʌʝʪʠʩʦʚʘ ʠ ʩʦʘʚʪ., 2011]. ɺ ʵʪʠʭ ʧʫʙʣʠʢʘʮʠʷʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SkQR1 

ʠʟʙʠʨʘʪʝʣʴʥʦ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʥʦʨʤʘʣʴʥʳʭ ʠ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʦʢ. ɺ 

ʫʩʣʦʚʠʷʭ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ SkQR1 ʟʘʱʠʱʘʝʪ ʢʣʝʪʦʯʥʳʡ ʧʫʣ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʶʪʘʪʠʦʥʘ. ʉʫʧʝʨʵʢʩʧʨʝʩʩʠʷ P-ʛʣʠʢʦʧʨʦʪʝʠʥʘ (Pgp 170) 

ʥʘʩʦʩʘ ʤʥʦʞʝʩʪʚʝʥʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʩʠʣʴʥʦ ʧʦʜʘʚʣʷʝʪ ʥʘʢʦʧʣʝʥʠʝ 

SkQR1, ʘ ʠʥʛʠʙʠʪʦʨʳ Pgp 170 ʩʪʠʤʫʣʠʨʫʶʪ ʥʘʢʦʧʣʝʥʠʝ SkQR1 ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʷ ʦ ʪʦʤ, ʯʪʦ SkQR1 ʷʚʣʷʝʪʩʷ ʩʫʙʩʪʨʘʪʦʤ Pgp 

170. ɿʘʱʠʪʥʳʡ ʵʬʬʝʢʪ SkQR1 ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʩʥʠʞʘʝʪʩʷ ʚ ʢʣʝʪʢʘʭ, 

ʩʫʧʝʨʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ Pgp 170. ʀʩʭʦʜʷ ʠʟ ʚʩʝʭ ʵʪʠʭ ʜʘʥʥʳʭ, ʘʚʪʦʨʳ 

ʚʳʩʢʘʟʳʚʘʶʪ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʤʦʛʫʪ ʚʳʙʦʨʦʯʥʦ ʟʘʱʠʱʘʪʴ ʥʦʨʤʘʣʴʥʳʝ (Pgp 170-ʦʪʨʠʮʘʪʝʣʴʥʳʝ) 

ʢʣʝʪʢʠ ʦʪ ʪʦʢʩʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʭʠʤʠʦʪʝʨʘʧʠʠ, 

ʩʚʷʟʘʥʥʦʛʦ ʩ ʦʢʠʩʣʠʪʝʣʴʥʳʤ ʩʪʨʝʩʩʦʤ ʠ ʪʝʤ ʩʘʤʳʤ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʢʣʠʥʠʯʝʩʢʦʡ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ ʚʤʝʩʪʝ ʩʦ ʩʥʠʞʝʥʠʝʤ ʝʝ ʧʦʙʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ.  

ʅʘʢʦʥʝʮ, ʙʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʩʦʦʙʱʝʥʠʝ ʦ ʪʦʤ, ʯʪʦ MitoQ ʦʙʣʘʜʘʝʪ ʚ 30 ʨʘʟ 

ʙʦʣʴʰʝʡ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ (ʩʧʦʩʦʙʥʦʩʪʴʶ ʠʥʜʫʮʠʨʦʚʘʪʴ ʘʫʪʦʬʘʛʠʶ 

ʠ ʘʧʦʧʪʦʟ) ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʢʣʝʪʢʘʤ ʨʘʢʘ ʤʦʣʦʯʥʦʡ ʞʝʣʝʟʳ ʚ ʩʨʘʚʥʝʥʠʠ ʩ 

ʥʦʨʤʘʣʴʥʳʤʠ ʢʣʝʪʦʯʥʳʤʠ ʵʣʝʤʝʥʪʘʤʠ ʵʪʦʛʦ ʦʨʛʘʥʘ [Rao et al., 2010]. ɺ ʢʘʢʦʡ 

ʩʪʝʧʝʥʠ ʵʪʠ ʜʘʥʥʳʝ ʤʦʛʫʪ ʙʳʪʴ ʚʦʩʪʨʝʙʦʚʘʥʳ ʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʤ ʩʤʳʩʣʝ, ʧʦʢʘ 

ʥʝʷʩʥʦ.    

ʆʙʦʙʱʘʷ ʚʩʝ ʩʢʘʟʘʥʥʦʝ ʦʙ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʵʬʬʝʢʪʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʦʧʫʭʦʣʝʚʳʡ ʨʦʩʪ, ʥʝʣʴʟʷ ʥʝ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʘʢʠʭ 



67 
 

ʨʘʙʦʪ ʷʚʥʦ ʥʝʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʩʢʦʣʴʢʦ-ʥʠʙʫʜʴ ʦʧʨʝʜʝʣʝʥʥʳʭ ʚʳʚʦʜʦʚ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʚʩʝ ʥʘʙʣʶʜʝʥʠʷ ʚ ʨʘʙʦʪʘʭ ʩʦ ʩʧʦʥʪʘʥʥʳʤ ʢʘʥʮʝʨʦʛʝʥʝʟʦʤ ʙʳʣʠ 

ʧʨʦʠʟʚʝʜʝʥʳ ʥʘ ʩʘʤʢʘʭ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʧʦʣʦʚʳʝ ʨʘʟʣʠʯʠʷ ʤʦʛʫʪ ʙʳʪʴ 

ʩʫʱʝʩʪʚʝʥʥʳʤ ʬʘʢʪʦʨʦʤ, ʚʣʠʷʶʱʠʤ ʥʘ ʧʨʦʮʝʩʩʳ ʢʘʥʮʝʨʦʛʝʥʝʟʘ, ʘ ʪʝʩʪʠʨʦʚʘʥʠʝ 

ʥʘ ʞʠʚʦʪʥʳʭ ʦʙʦʠʭ ʧʦʣʦʚ ʚʢʣʶʯʝʥʦ ʚ ʩʪʘʥʜʘʨʪʥʫʶ ʧʨʦʛʨʘʤʤʫ ʦʮʝʥʢʠ 

ʢʘʥʮʝʨʦʛʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ [ʈʫʢʦʚʦʜʩʪʚʦ ʧʦ 

ʧʨʦʚʝʜʝʥʠʶ ʜʦʢʣʠʥʠʯʝʩʢʠʭé, 2012]. 

 

1.4.5 ʅʘʨʫʰʝʥʠʷ ʢʨʦʚʦ- ʠ ʣʠʤʬʦʦʙʨʘʱʝʥʠʷ 

ʂ ʯʠʩʣʫ ʥʘʨʫʰʝʥʠʡ ʮʠʨʢʫʣʷʮʠʠ ʢʨʦʚʠ ʠ ʣʠʤʬʳ ʦʪʥʦʩʷʪ ʦʛʨʦʤʥʦʝ ʯʠʩʣʦ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʨʘʟʚʠʚʘʶʪʩʷ ʥʘ ʤʥʦʛʠʭ ʫʨʦʚʥʷʭ, ʦʪ ʪʢʘʥʝʚʦʛʦ 

(ʩʪʘʟʳ, ʩʣʘʜʞʠ, ʤʠʢʨʦʪʨʦʤʙʳ ʠ ʤʠʢʨʦʵʤʙʦʣʳ, ʧʘʨʝʥʭʠʤʘʪʦʟʥʳʝ ʧʝʪʝʭʠʘʣʴʥʳʝ 

ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʠ ʪ.ʜ.) ʜʦ ʦʨʛʘʥʠʟʤʝʥʥʦʛʦ (ʰʦʢ, ɼɺʉ-ʩʠʥʜʨʦʤ ʠ ʜʨʫʛʠʝ) [ʉʪʨʫʢʦʚ, 

ʉʝʨʦʚ, 1995; ʃʝʢʮʠʠé, 1996; ʇʘʣʴʮʝʚ, ɸʥʠʯʢʦʚ, 2001; ʃʝʢʮʠʠé, 2003; 

Underwood, 2009; ʇʘʫʢʦʚ, 2015]. ʕʬʬʝʢʪʳ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

ʧʦʢʘ ʯʪʦ ʠʟʚʝʩʪʥʳ ʪʦʣʴʢʦ ʚ ʦʪʥʦʰʝʥʠʠ ʧʦʩʣʝʜʩʪʚʠʡ ʥʘʨʫʰʝʥʠʷ ʨʝʞʠʤʘ 

ʢʨʦʚʦʩʥʘʙʞʝʥʠʷ ʪʢʘʥʝʡ (ʠʰʝʤʠʷ ʠ ʨʝʦʢʩʠʛʝʥʘʮʠʷ), ʦ ʯʝʤ ʫʞʝ ʰʣʘ ʨʝʯʴ ʚ ʨʘʟʜʝʣʝ 

1.4.1 ʠ ʚ ʦʪʥʦʰʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ ʚ ʤʠʦʢʘʨʜʝ, ʚʝʜʫʱʠʭ ʢ 

ʨʘʟʚʠʪʠʶ ʘʨʠʪʤʠʠ ʠ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ. ʇʨʠʤʝʥʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʜʣʷ ʵʪʦʡ ʮʝʣʠ ʩʯʠʪʘʝʪʩʷ ʦʩʦʙʝʥʥʦ ʦʧʨʘʚʜʘʥʥʳʤ ʚʚʠʜʫ 

ʯʨʝʟʚʳʯʘʡʥʦʡ ʨʦʣʠ ʨʝʜʦʢʩ-ʙʘʣʘʥʩʘ ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ 

ʬʫʥʢʮʠʠ ʩʝʨʜʮʘ ʠ ʦʪʩʫʪʩʪʚʠʷ ʠʥʛʠʙʠʪʦʨʦʚ ʅɸɼʌ-ʅ ʦʢʩʠʜʘʟʳ, ʩ ʘʢʪʠʚʥʦʩʪʴʶ 

ʢʦʪʦʨʦʡ ʩʚʷʟʳʚʘʶʪ ʨʘʟʚʠʪʠʝ ʤʠʦʢʘʨʜʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ  [Zhang et al., 2012]. 

ɼʣʷ MitoQ ʙʳʣʘ ʧʦʢʘʟʘʥʘ ʩʧʦʩʦʙʥʦʩʪʴ  ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʥʘʨʫʰʝʥʠʷ ʤʠʦʢʘʨʜʘ, ʚʳʟʚʘʥʥʳʝ ʢʦʢʘʠʥʦʤ [Supinski et al., 2009], ʦʙʲʝʤʥʦʡ 

ʧʝʨʝʛʨʫʟʢʦʡ [Gladden et al., 2011] ʠʣʠ ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʵʥʜʦʪʦʢʩʠʥʦʤ [Vergeade et 

al., 2010]. ɼʝʡʩʪʚʠʝ SkQ1 ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ex vivo ʥʘ ʤʦʜʝʣʷʭ ʩʝʨʜʝʯʥʦʡ 

ʘʨʠʪʤʠʠ ʫ ʢʨʳʩ [Bakeeva et al., 2008]. ʅʘʡʜʝʥʦ, ʯʪʦ ʜʦʙʘʚʢʘ ʚ ʧʠʱʫ ʢʨʘʡʥʝ ʤʘʣʳʭ 

ʢʦʣʠʯʝʩʪʚ SkQ1 (ʜʦ 0,02 ʥʤʦʣʴ SkQ1/ʢʛ ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ ʪʨʝʭ ʥʝʜʝʣʴ) ʫʩʪʨʘʥʷʝʪ 

ʘʨʠʪʤʠʶ, ʚʳʟʚʘʥʥʫʶ ʧʝʨʬʫʟʠʝʡ ʠʟʦʣʠʨʦʚʘʥʥʦʛʦ ʩʝʨʜʮʘ ʨʘʩʪʚʦʨʦʤ ʩ H2O2 ʠʣʠ 
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ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠʰʝʤʠʝʡ/ ʨʝʧʝʨʬʫʟʠʝʡ ʤʠʦʢʘʨʜʘ. ʕʪʠ ʜʘʥʥʳʝ ʙʳʣʠ 

ʧʦʜʪʚʝʨʞʜʝʥʳ ʠ ʜʦʧʦʣʥʝʥʳ ʚ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [ʂʘʧʝʣʴʢʦ, ʃʘʢʦʤʢʠʥ, 2009]. SkQ1 

ʚʚʦʜʠʣʩʷ ʢʨʳʩʘʤ ʧʝʨʦʨʘʣʴʥʦ ʚ ʪʝʯʝʥʠʝ 3 ʥʝʜʝʣʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʜʦʟ, ʧʦʩʣʝ 

ʯʝʛʦ ʩʪʘʚʠʣʩʷ ʵʢʩʧʝʨʠʤʝʥʪ ʩ ʠʰʝʤʠʝʡ ʚ ʫʩʣʦʚʠʷʭ ʥʦʨʤʦʪʝʨʤʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʨʝʧʝʨʬʫʟʠʝʡ. ʆʪʤʝʯʘʚʰʠʝʩʷ ʚ ʥʘʯʘʣʝ ʨʝʧʝʨʬʫʟʠʠ ʥʘʨʫʰʝʥʠʷ ʨʠʪʤʘ ʙʳʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʤʝʥʴʰʝ ʚʳʨʘʞʝʥʳ ʫ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʚʰʠʭ SkQ1 ʚ 

ʩʫʪʦʯʥʳʭ ʜʦʟʘʭ 0,5 ʠ 5 ʥʤʦʣʴ/ʢʛ. ɺ ʢʦʥʮʝ ʨʝʧʝʨʬʫʟʠʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ 

ʣʫʯʰʝʝ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʯʘʩʪʦʪʳ ʩʦʢʨʘʱʝʥʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ 

ʚʳʷʚʣʷʣʦʩʴ ʫ ʢʨʳʩ, ʧʦʣʫʯʘʚʰʠʭ ʧʨʝʧʘʨʘʪ ʚ ʜʦʟʘʭ 0,5 ʠ 250 ʥʤʦʣʴ/ʢʛ, 

ʘ ʨʘʟʚʠʚʘʝʤʦʛʦ ʜʘʚʣʝʥʠʷ - ʫ ʢʨʳʩ, ʧʦʣʫʯʘʚʰʠʭ 0,5 ʥʤʦʣʴ/ʢʛ SkQ1. ʋʨʦʚʝʥʴ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʠʥʪʝʛʨʘʣʴʥʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʦʮʝʥʝʥʥʳʡ 

ʥʘ ʦʩʥʦʚʘʥʠʠ ʫʢʘʟʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ, ʙʳʣ ʚ 2 ʨʘʟʘ ʚʳʰʝ ʫ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʤ 

ʚʚʦʜʠʣʩʷ SkQ1 ʚ ʩʫʪʦʯʥʳʭ ʜʦʟʘʭ 0,5 ʠ 250 ʥʤʦʣʴ/ʢʛ. ʂʘʢ ʩʯʠʪʘʶʪ ʘʚʪʦʨʳ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʨʠʚʝʜʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʧʨʦʪʝʢʪʠʚʥʳʡ ʵʬʬʝʢʪ ʠʩʩʣʝʜʦʚʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʚ ʦʪʥʦʰʝʥʠʠ ʥʘʨʫʰʝʥʠʡ ʨʠʪʤʘ 

ʩʝʨʜʮʘ ʧʨʠ ʨʝʧʝʨʬʫʟʠʠ ʤʠʦʢʘʨʜʘ ʧʦʩʣʝ ʠʰʝʤʠʠ ʨʝʘʣʠʟʫʝʪʩʷ ʟʘ ʩʯʝʪ ʧʦʚʳʰʝʥʠʷ 

ʝʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʛʦ ʩʪʘʪʫʩʘ. ɼʝʡʩʪʚʠʝ SkQ1 ʙʳʣʦ ʪʘʢʞʝ ʠʟʫʯʝʥʦ ʥʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʤʦʜʝʣʠ ʢʘʪʝʭʦʣʘʤʠʥʦʚʦʡ (ʘʜʨʝʥʘʣʠʥʦʚʦʡ) ʘʨʠʪʤʠʠ ʩʝʨʜʮʘ 

[ʃʘʢʦʤʢʠʥ ʠ ʩʦʘʚʪ., 2011]. ʀʩʧʳʪʫʝʤʦʝ ʚʝʱʝʩʪʚʦ ʚʚʦʜʠʣʠ ʧʝʨʦʨʘʣʴʥʦ ʚ ʨʘʟʥʳʭ 

ʩʫʪʦʯʥʳʭ ʜʦʟʘʭ, ʧʨʠʯʝʤ ʚʚʝʜʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ʢʨʳʩʘʤ ʥʘʯʠʥʘʣʠ ʟʘ 2 ʥʝʜʝʣʠ ʜʦ 

ʠʥʜʫʮʠʨʦʚʘʥʠʷ ʘʨʠʪʤʠʠ. ɺʚʝʜʝʥʠʝ ʘʜʨʝʥʘʣʠʥʘ (ʚ ʭʚʦʩʪʦʚʫʶ ʚʝʥʫ), ʚʳʧʦʣʥʝʥʥʦʝ ʩ 

ʮʝʣʴʶ ʠʥʜʫʢʮʠʠ ʘʨʠʪʤʠʠ (ʵʢʩʪʨʘʩʠʩʪʦʣʠʠ) ʚʳʟʳʚʘʣʦ ʙʳʩʪʨʦʝ ʧʦʚʳʰʝʥʠʝ 

ʘʨʪʝʨʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʠ ʧʘʜʝʥʠʝ ʯʘʩʪʦʪʳ ʩʦʢʨʘʱʝʥʠʡ ʩʝʨʜʮʘ. ɺʳʨʘʞʝʥʥʦʩʪʴ 

ʠʟʤʝʥʝʥʠʷ ʵʪʠʭ ʧʦʢʘʟʘʪʝʣʝʡ ʙʳʣʘ ʩʭʦʜʥʦʡ ʚʦ ʚʩʝʭ ʛʨʫʧʧʘʭ ʢʨʳʩ. ʉʫʤʤʘʨʥʦʝ 

ʯʠʩʣʦ ʵʢʩʪʨʘʩʠʩʪʦʣ, ʨʘʚʥʦ ʢʘʢ ʠ ʠʥʜʝʢʩ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʘʨʠʪʤʠʠ ʦʢʘʟʘʣʩʷ ʚ 

ʥʝʩʢʦʣʴʢʦ ʨʘʟ ʥʠʞʝ ʫ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʚʰʠʭ SkQ1. ʇʨʝʧʘʨʘʪ ʙʳʣ ʵʬʬʝʢʪʠʚʝʥ ʚ 

ʩʫʪʦʯʥʳʭ ʜʦʟʘʭ 0,5, 2 ʠ 20 ʥʤʦʣʴ/ʢʛ. ʄʝʥʴʰʠʝ ʜʦʟʳ SkQ1 ʥʝ ʦʢʘʟʳʚʘʣʠ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʳʭ ʵʬʬʝʢʪʦʚ. ʉʫʱʝʩʪʚʝʥʥʦ, ʯʪʦ  ʘʥʪʠʘʨʠʪʤʦʛʝʥʥʦʝ 

ʜʝʡʩʪʚʠʝ ʧʨʝʧʘʨʘʪʘ ʩʦʯʝʪʘʣʦʩʴ ʩ ʧʦʚʳʰʝʥʠʝʤ ʚʳʞʠʚʘʝʤʦʩʪʠ ʞʠʚʦʪʥʳʭ ʧʦʩʣʝ 

ʠʥʜʫʢʮʠʠ ʘʨʠʪʤʠʠ. ʈʝʟʫʣʴʪʘʪʳ ʵʪʦʡ ʨʘʙʦʪʳ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ 
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ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ SkQ1 ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʝʪ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʩʝʨʜʮʘ ʢ ʘʨʠʪʤʦʛʝʥʥʦʤʫ ʚʣʠʷʥʠʶ ʢʘʪʝʭʦʣʘʤʠʥʦʚ.  

ɼʦʩʪʦʡʥʳ ʫʧʦʤʠʥʘʥʠʷ ʥʝʩʢʦʣʴʢʦ ʨʘʙʦʪ, ʧʦʢʘʟʘʚʰʠʭ ʚʦʟʤʦʞʥʦʩʪʴ 

ʢʦʨʨʝʢʮʠʠ ʵʥʜʦʪʝʣʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤʠ ʘʥʪʠʦʢʩʠʜʘʥʪʘʤʠ, 

ʯʪʦ ʩʦʟʜʘʝʪ ʧʝʨʩʧʝʢʪʠʚʳ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʵʪʠʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʮʝʣʷʭ ʪʝʨʘʧʠʠ 

ʥʘʨʫʰʝʥʠʡ ʤʠʢʨʦʮʠʨʢʫʣʷʮʠʠ ʧʨʠ ʩʘʤʳʭ ʨʘʟʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ 

(ʩʝʧʪʠʯʝʩʢʦʤ ʰʦʢʝ, ʜʠʘʙʝʪʝ, ʢʦʘʛʫʣʦʧʘʪʠʷʭ ʠ ʪ.ʜ.) [Fink et al., 2009; Fink et al., 

2012; Mackenzie et al., 2013; Gioscia-Ryan et al., 2014; Galkin et al., 2014]. ʅʘʢʦʥʝʮ, 

ʩʫʱʝʩʪʚʫʝʪ ʨʘʙʦʪʘ, ʚ ʢʦʪʦʨʦʡ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ MitoQ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʦʪʚʝʪ ʩʦʩʫʜʦʚ ʥʘ ʥʠʪʨʦʛʣʠʮʝʨʠʥ, ʥʘʨʫʰʝʥʥʳʡ ʩʦʜʝʨʞʘʥʠʝʤ 

ʞʠʚʦʪʥʳʭ ʥʘ ʜʠʝʪʝ ʩ ʧʦʚʳʰʝʥʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʧʦʚʘʨʝʥʥʦʡ ʩʦʣʠ [Ma et al., 2014]. 

 

1.4.6 ʉʪʘʨʝʥʠʝ ʠ ʚʦʟʨʘʩʪ-ʟʘʚʠʩʠʤʳʝ ʠʟʤʝʥʝʥʠʷ ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʦʚ 

ʉʪʘʨʝʥʠʝ, ʙʝʟʫʩʣʦʚʥʦ, ʥʝ ʷʚʣʷʝʪʩʷ ʵʣʝʤʝʥʪʘʨʥʳʤ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʤ 

ʧʨʦʮʝʩʩʦʤ. ɹʦʣʝʝ ʪʦʛʦ, ʦʥʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʘʩʪʦʣʴʢʦ ʩʣʦʞʥʦʝ ʷʚʣʝʥʠʝ, ʯʪʦ ʚ 

ʥʝʤ ʥʝʚʦʟʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʛʨʘʥʴ ʤʝʞʜʫ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʤʠ 

ʠʟʤʝʥʝʥʠʷʤʠ. ʈʘʟʥʳʝ ʘʚʪʦʨʳ ʢʚʘʣʠʬʠʮʠʨʫʶʪ ʩʪʘʨʝʥʠʝ ʠ ʢʘʢ ʙʦʣʝʟʥʴ, ʠ ʢʘʢ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʵʪʘʧ ʦʥʪʦʛʝʥʝʟʘ [ɼʠʣʴʤʘʥ, 1987; ɸʥʠʩʠʤʦʚ, 2008]. ʆʜʥʘʢʦ, 

ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʢʚʘʣʠʬʠʢʘʮʠʠ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ, ʥʝ ʚʳʟʳʚʘʝʪ ʚʦʟʨʘʞʝʥʠʡ 

ʫʪʚʝʨʞʜʝʥʠʝ, ʯʪʦ ʠʤʝʥʥʦ ʩʦ ʩʪʘʨʝʥʠʝʤ ʩʚʷʟʘʥʦ ʨʘʟʚʠʪʠʝ ʙʦʣʴʰʦʛʦ ʯʠʩʣʘ 

ʟʘʙʦʣʝʚʘʥʠʡ, ʧʦʣʫʯʠʚʰʠʭ ʥʘʟʚʘʥʠʝ ʚʦʟʨʘʩʪ-ʟʘʚʠʩʠʤʳʭ ʧʘʪʦʣʦʛʠʡ, ʘ ʧʘʪʦʛʝʥʝʟ ʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʵʪʠʭ ʙʦʣʝʟʥʝʡ ʦʭʚʘʪʳʚʘʶʪ ʧʦʯʪʠ ʚʝʩʴ ʩʧʝʢʪʨ 

ʠʟʚʝʩʪʥʳʭ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ [ɼʘʚʳʜʦʚʩʢʠʡ, 1966].  ʋʯʠʪʳʚʘʷ 

ʤʥʦʛʦʦʙʨʘʟʠʝ ʜʘʥʥʳʭ, (ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʧʨʝʜʳʜʫʱʠʭ ʨʘʟʜʝʣʘʭ), ʢʦʪʦʨʳʝ 

ʧʦʟʚʦʣʷʶʪ ʜʫʤʘʪʴ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʚʣʠʷʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʚ 

ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʝʨʝ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ ʚʩʝ ʦʩʥʦʚʥʳʝ ʛʨʫʧʧʳ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʨʘʩʩʤʦʪʨʝʪʴ ʚʦʧʨʦʩ ʦ ʪʦʤ, ʢʘʢʦʚʳ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʳ 

ʵʪʠʭ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʩʪʘʨʝʥʠʝ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʥʠʤ ʙʦʣʝʟʥʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʘʭ 

ʠ ʪʢʘʥʷʭ. ʕʪʘ ʟʘʜʘʯʘ ʦʩʦʙʝʥʥʦ ʦʧʨʘʚʜʘʥʘ ʪʝʤ, ʯʪʦ ʟʘʤʝʜʣʝʥʠʝ ʧʨʦʮʝʩʩʦʚ ʩʪʘʨʝʥʠʷ 
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ʙʳʣʦ ʦʜʥʦʡ ʠʟ ʠʟʥʘʯʘʣʴʥʳʭ ʮʝʣʝʡ, ʢʦʪʦʨʳʝ ʧʨʝʩʣʝʜʦʚʘʣʠʩʴ  ʧʨʠ ʩʦʟʜʘʥʠʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ [Skulachev, 2007; Skulachev et 

al., 2011].   

ʊʝʦʨʝʪʠʯʝʩʢʦʡ ʦʩʥʦʚʦʡ ʜʣʷ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʩ ʮʝʣʴʶ ʚʣʠʷʥʠʷ 

ʥʘ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʨʛʘʥʠʟʤʝ ʧʦʩʣʫʞʠʣʘ ʚʳʜʚʠʥʫʪʘʷ ɼ.ʍʘʨʤʘʥʦʤ ʚ 50-ʝ 

ʛʦʜʳ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʘʷ ʪʝʦʨʠʷ ʩʪʘʨʝʥʠʷ [Harman, 1956; Harman, 1972; Harman, 

1992], ʚ ʜʘʣʴʥʝʡʰʝʤ ʨʘʟʚʠʪʘʷ ʩʘʤʠʤ ʘʚʪʦʨʦʤ ʠ ʝʛʦ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʷʤʠ [Barja, 1999; Wei, 1998; Schriner et al., 2005; Cui et al., 2012; 

Gruber et al., 2013]. ʆʜʥʘʢʦ, ʧʨʠʤʝʥʝʥʠʝ ʪʨʘʜʠʮʠʦʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʪʘʢʠʭ, 

ʢʘʢ ʚʠʪʘʤʠʥ ɽ ʠʣʠ ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʧʦʢʘʟʘʣʠ 

ʪʦʣʴʢʦ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʞʠʟʥʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʞʠʚʦʪʥʳʭ [Aɸʥʠʩʠʤʦʚ, 2008; Carocho, Ferreira, 2013]. ʀʤʝʶʪʩʷ ʠ ʥʝʢʦʪʦʨʳʝ 

ʜʨʫʛʠʝ ʜʘʥʥʳʝ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʝ  ʨʦʣʴ ʩʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʨʘʟʚʠʪʠʠ ʩʪʘʨʝʥʠʷ ʠ ʚʦʟʨʘʩʪʥʦʡ ʧʘʪʦʣʦʛʠʠ [Halliwell, 2006; Halliwell, 2007;  

Speakman, Selman, 2011]. 

ʅʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʧʦʣʦʞʝʥʠʷ, ʯʪʦ ʩʪʘʨʝʥʠʝ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʜʠʥ ʠʟ 

ʚʘʨʠʘʥʪʦʚ ʧʨʦʛʨʘʤʤʠʨʫʝʤʦʡ ʛʠʙʝʣʠ ʦʨʛʘʥʠʟʤʘ, ʨʝʘʣʠʟʫʝʤʦʡ ʯʝʨʝʟ 

ʘʧʦʧʪʦʪʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ, ʚʳʟʳʚʘʝʤʳʝ ʧʦʩʪʦʷʥʥʦʡ ʛʝʥʝʨʘʮʠʝʡ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʫʨʦʚʥʷ ɸʌʂ, ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʢʘʢ ʥʘʧʨʘʚʣʝʥʥʦʝ ʩʨʝʜʩʪʚʦ ʧʨʦʪʠʚ ʩʪʘʨʝʥʠʷ, 

ʧʨʝʨʳʚʘʶʱʝʝ ʵʪʦʪ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ, ʧʨʠʯʝʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ, ʯʝʤ ʦʙʳʯʥʳʝ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʧʨʝʧʘʨʘʪʳ [ʉʢʫʣʘʯʝʚ, 2009; Skulachev, 2009; Skulachev et al., 

2009; Skulachev, 2012].  

ʆʮʝʥʢʘ ʚʣʠʷʥʠʷ ʣʶʙʳʭ ʧʨʝʧʘʨʘʪʦʚ, ʜʝʡʩʪʚʫʶʱʠʭ ʥʘ ʩʪʘʨʝʥʠʝ ʠ ʚʦʟʨʘʩʪʥʳʝ 

ʠʟʤʝʥʝʥʠʷ (ʛʝʨʦʧʨʦʪʝʢʪʦʨʦʚ) ʤʦʞʝʪ ʙʳʪʴ ʚʳʧʦʣʥʝʥʘ ʧʦ ʥʝʩʢʦʣʴʢʠʤ ʧʘʨʘʤʝʪʨʘʤ. 

ɺʦ-ʧʝʨʚʳʭ, ʤʦʞʝʪ ʙʳʪʴ ʦʮʝʥʝʥ ʪʘʢʦʡ ʠʥʪʝʛʨʘʣʴʥʳʡ ʧʦʢʘʟʘʪʝʣʴ, ʢʘʢ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʞʠʚʦʪʥʳʭ ï ʩʨʝʜʥʷʷ, ʤʝʜʠʘʥʥʘʷ, ʤʘʢʩʠʤʘʣʴʥʘʷ ʠ ʪ.ʜ. 

[ɸʥʠʩʠʤʦʚ, 2008, ɻʘʚʨʠʣʦʚ, ɻʘʚʨʠʣʦʚʘ, 1991].  ɺʦ-ʚʪʦʨʳʭ, ʦʮʝʥʢʝ ʧʦʜʣʝʞʘʪ ʪʝ 

ʩʧʦʥʪʘʥʥʳʝ ʘʥʘʪʦʤʠʯʝʩʢʠʝ, ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ (ʛʠʩʪʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ), 

ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʳʝ, ʙʠʦʭʠʤʠʯʝʩʢʠʝ, ʵʢʩʧʨʝʩʩʠʦʥʥʳʝ ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 
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ʠʟʤʝʥʝʥʠʷ, ʢʦʪʦʨʳʝ ʟʘʢʦʥʦʤʝʨʥʦ ʨʘʟʚʠʚʘʶʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ [ɸʥʠʩʠʤʦʚ, 2008]. 

ʅʘʢʦʥʝʮ, ʤʦʞʥʦ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʤʦʜʝʣʠ 

ʙʦʣʝʟʥʝʡ, ʦ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʯʘʩʪʦʪʘ ʠʭ ʧʦʚʳʰʘʝʪʩʷ ʩ ʚʦʟʨʘʩʪʦʤ ʠ ʢʦʪʦʨʳʝ 

ʚʩʪʨʝʯʘʶʪʩʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʯʘʩʪʦʪʦʡ ʫ ʩʪʘʨʳʭ ʠʥʜʠʚʠʜʫʫʤʦʚ (ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ 

ʚʪʦʨʦʛʦ ʪʠʧʘ, ʘʪʝʨʦʩʢʣʝʨʦʟʘ, ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʪ.ʜ.). ɺʩʝ ʪʨʠ ʧʦʜʭʦʜʘ ʜʘʶʪ ʚ 

ʨʘʚʥʦʡ ʩʪʝʧʝʥʠ ʚʘʞʥʫʶ ʠʥʬʦʨʤʘʮʠʶ, ʥʝʦʙʭʦʜʠʤʫʶ ʜʣʷ ʚʩʝʩʪʦʨʦʥʥʝʡ ʠ 

ʢʦʤʧʣʝʢʩʥʦʡ ʦʮʝʥʢʠ ʚʣʠʷʥʠʷ ʚʳʙʨʘʥʥʦʛʦ ʧʨʝʧʘʨʘʪʘ ʥʘ ʩʪʘʨʝʥʠʝ ʠ ʚʦʟʤʦʞʥʦʩʪʠ 

ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʘʢ ʛʝʨʦʧʨʦʪʝʢʪʦʨʘ.  

ɹʳʣʦ ʦʧʫʙʣʠʢʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʩʦʦʙʱʝʥʠʡ ʦ ʨʝʟʫʣʴʪʘʪʘʭ ʠʩʧʳʪʘʥʠʷ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʦʨʛʘʥʠʟʤʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ SkQ1 ʚ 

ʯʨʝʟʚʳʯʘʡʥʦ ʥʠʟʢʠʭ (ʥʘʥʦʤʦʣʷʨʥʳʭ ʠ ʩʫʙʥʘʥʦʤʦʣʷʨʥʳʭ) ʢʦʥʮʝʥʪʨʘʮʠʷʭ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʛʨʠʙʦʚ (Podospora anserina), 

ʨʘʢʦʦʙʨʘʟʥʳʭ (Ceriodaphnia affinis), ʠ ʥʘʩʝʢʦʤʳʭ (Drosophila melanogaster). 

[Skulachev, 2007; Skulachev et al., 2009; Krementsova et al., 2012], ʘ MitoQ ï 

ʪʨʘʥʩʛʝʥʥʳʭ Caenorhabditis elegans, ʩʣʫʞʘʱʠʭ ʩʚʦʝʦʙʨʘʟʥʦʡ ʤʦʜʝʣʴʶ ʙʦʣʝʟʥʠ 

ɸʣʴʮʛʝʡʤʝʨʘ ʠ Drosophila melanogaster ʩ ʜʝʬʠʮʠʪʦʤ ʩʫʧʝʨʦʢʩʠʜʜʠʩʤʫʪʘʟʳ (ʥʦ ʥʝ 

ʚʣʠʷʝʪ ʥʘ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ) [Magwere et al., 2006; Dai et al., 2014; Ng et al., 

2014]. ʆʪʥʦʩʠʪʝʣʴʥʦ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠʤʝʶʪʩʷ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʥʳʝ ʜʘʥʥʳʝ ʦ 

ʪʦʤ, ʯʪʦ SkQ1 ʩʧʦʩʦʙʝʥ ʫʚʝʣʠʯʠʚʘʪʴ ʩʨʝʜʥʶʶ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʩʘʤʦʢ 

ʤʳʰʝʡ ʪʨʝʭ ʣʠʥʠʡ ï ʠʥʙʨʝʜʥʳʭ 129/sv, C57BL, ʘʫʪʙʨʝʜʥʦʡ SHR ʠ ʪʨʘʥʩʛʝʥʥʦʡ 

her2/neo [ʖʨʦʚʘ ʠ ʩʦʘʚʪ., 2011]. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʭʦʪʷ ʚ ʧʦʩʣʝʜʥʝʡ ʨʘʙʦʪʝ 

ʥʝʪ ʧʦʜʨʦʙʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʪʨʫʧʦʚ ʧʘʚʰʠʭ ʞʠʚʦʪʥʳʭ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʥʝʡ ʜʘʥʥʳʝ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʧʨʝʧʘʨʘʪ 

ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʠ ʥʘ ʯʘʩʪʦʪʫ ʦʧʫʭʦʣʝʡ, ʥʠ ʥʘ ʠʭ ʦʨʛʘʥʥʳʡ ʩʧʝʢʪʨ. 

ʀʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ 

ʩʘʤʮʦʚ ʣʘʙʦʨʘʪʦʨʥʳʭ ʛʨʳʟʫʥʦʚ ʥʝ ʦʧʫʙʣʠʢʦʚʘʥʳ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʩʫʱʝʩʪʚʫʶʪ ʧʘʨʘʣʣʝʣʠ ʤʝʞʜʫ ʵʬʬʝʢʪʘʤʠ SkQ1 ʠ ʦʛʨʘʥʠʯʝʥʠʷ ʧʠʪʘʥʠʷ ʥʘ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ, ʧʨʠ ʵʪʦʤ ʧʨʠʯʠʥʘ ʪʘʢʦʛʦ ʩʭʦʜʩʪʚʘ ʧʦʢʘ ʥʝ 

ʨʘʩʰʠʬʨʦʚʘʥʘ [Skulachev,  2011]. 
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ʈʘʙʦʪ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʜʝʡʩʪʚʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʚʦʟʨʘʩʪʥʳʝ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʦʨʛʘʥʠʟʤʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʜʦʚʦʣʴʥʦ ʤʥʦʛʦ ʠ ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʟ ʥʠʭ ʙʳʣʘ ʥʘʤʠ 

ʫʞʝ ʫʧʦʤʷʥʫʪʘ ʨʘʥʴʰʝ ʚ ʩʚʷʟʠ ʩ ʦʙʩʫʞʜʝʥʠʝʤ ʵʬʬʝʢʪʦʚ ʧʨʝʧʘʨʘʪʦʚ, ʦʢʘʟʳʚʘʝʤʳʭ 

ʥʘ ʨʘʟʥʳʝ ʪʠʧʳ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʵʪʠʭ 

ʠʟʤʝʥʝʥʠʡ. ɺ ʨʷʜʝ ʨʘʙʦʪ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʢʨʳʩʳ ʣʠʥʠʠ OXYS, ʚ ʢʦʪʦʨʳʭ 

ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ɸʌʂ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ 

(ʧʨʦʛʝʨʠʠ). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ ʢ ʧʠʱʝ ʦʯʝʥʴ ʤʘʣʳʭ ʜʦʟ SkQ1 (50 

ʥʤʦʣʴ/ʢʛ ʭ ʜʝʥʴ) ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʟʨʘʩʪʦʤ: (ʘ) ʨʘʟʚʠʪʠʝ ʢʘʪʘʨʘʢʪʳ ʠ 

ʨʝʪʠʥʦʧʘʪʠʡ ʚ ʛʣʘʟʘʭ, (ʙ) ʘʪʨʦʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ 

(ʩʘʨʢʦʧʝʥʠ)ʁ, ʧʝʨʝʢʠʩʥʦʝ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠ ʢʘʨʙʦʥʠʣʠʨʦʚʘʥʠʝ ʙʝʣʢʦʚ ʚ 

ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ ʠ (ʚ) ʩʥʠʞʝʥʠʝ ʤʠʥʝʨʘʣʠʟʘʮʠʠ ʢʦʩʪʝʡ (ʦʩʪʝʦʧʦʨʦʟ) [Vays et 

al., 2014; Saprunova et al., 2010; Saprunova et al., 2012; Skulachev et al., 2011; Neroev 

et al., 2008]. ʀʟ ʜʨʫʛʠʭ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ  ʠʟʚʝʩʪʥʦ ʚʣʠʷʥʠʝ SkQ1 ʥʘ 

ʩʦʜʝʨʞʘʥʠʝ ʪʨʠʧʪʦʬʘʥʘ ʠ ʢʠʥʫʨʝʥʠʥʘ ʚ ʭʨʫʩʪʘʣʠʢʝ [Snytnikova et al., 2012], 

ʫʨʦʚʝʥʴ 17ɓ-ʵʩʪʨʘʜʠʦʣʘ ʠ NO [Chistyakov et al., 2010; Chistyakov et al., 2012], 

ʪʝʩʪʦʩʪʝʨʦʥʘ, ʜʝʛʠʜʨʦʵʧʠʘʥʜʨʦʩʪʝʨʦʥʘ, ʛʦʨʤʦʥʘ ʨʦʩʪʘ, ʠʥʩʫʣʠʥ-ʧʦʜʦʙʥʦʛʦ 

ʬʘʢʪʦʨʘ ʨʦʩʪʘ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ [Kolosova et al., 2012], ʦʢʠʩʣʝʥʠʝ ʢʘʨʜʠʦʣʠʧʠʥʘ 

ʤʠʪʦʭʦʥʜʨʠʡ [Skulachev et al., 2010], ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʮʠʪʦʢʠʥʦʚ VEGF ʠ PEDF 

ʚ ʩʝʪʯʘʪʢʝ [Markovets et al., 2011]. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʜʨʫʛʦʛʦ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ - MitoQ ï ʧʦʢʘʟʘʣʦ, ʯʪʦ ʦʥ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʚʣʠʷʥʠʷ ʥʘ ʛʣʦʙʘʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʚ ʦʨʛʘʥʘʭ [Rodriguez-Cuenca et al., 2010] 

ʘ ʩʨʘʚʥʝʥʠʝ N-ʘʮʝʪʠʣʮʠʩʪʝʠʥʘ ʠ SkQ1ʚʳʷʚʠʣʦ, ʯʪʦ ʪʦʣʴʢʦ ʧʦʩʣʝʜʥʠʡ ʦʙʣʘʜʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʚʣʠʷʪʴ ʥʘ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʣʦʚʳʭ ʛʦʨʤʦʥʦʚ ʠ ʨʦʩʪʦʚʳʭ 

ʬʘʢʪʦʨʦʚ ʚ ʢʨʦʚʠ ʩʘʤʮʦʚ ʢʨʳʩ [Kolosova et al., 2012].  

ɿʥʘʯʠʪʝʣʴʥʳʝ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʫ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʧʨʦʠʩʭʦʜʷʪ ʚ 

ʦʨʛʘʥʘʭ ʢʨʦʚʝʪʚʦʨʝʥʠʷ ʠ ʠʤʤʫʥʦʛʝʥʝʟʘ. ɹʳʣʠ ʦʧʫʙʣʠʢʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʪʦʤ, ʯʪʦ ʧʦʞʠʟʥʝʥʥʦʝ ʜʦʙʘʚʣʝʥʠʝ ʤʳʰʘʤ SkQ1 ʚ ʧʠʪʴʝʚʫʶ 

ʚʦʜʫ ʥʝ ʚʣʠʷʝʪ ʥʘ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʩʪʚʦʣʦʚʳʝ ʢʣʝʪʢʠ ʠ ʙʦʣʝʝ 

ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʝ ʛʝʤʦʧʦʵʪʠʯʝʩʢʠʝ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʠ, ʥʦ ʟʥʘʯʠʪʝʣʴʥʦ 
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ʟʘʤʝʜʣʷʝʪ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʢʨʦʚʠ [Shipounova et al., 

2010]. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 13 ʤʝʩʷʮʝʚ, SkQ1 (0,9 ʠʣʠ 28,8 ʥʤʦʣʴ/ʢʛ ʚ ʩʫʪʢʠ) 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʚʦʟʨʘʩʪʥʦʡ ʤʠʝʣʦʠʜʥʳʡ ʩʜʚʠʛ (ʫʚʝʣʠʯʝʥʠʝ ʜʦʣʠ ʛʨʘʥʫʣʦʮʠʪʦʚ ʠ 

ʩʥʠʞʝʥʠʝ ʜʦʣʠ ʣʠʤʬʦʮʠʪʦʚ) ʫ ʤʳʰʝʡ. ɺ ʪʝʯʝʥʠʝ ʩʣʝʜʫʶʱʝʛʦ ʛʦʜʘ ʵʬʬʝʢʪ 

ʠʩʯʝʟʘʝʪ, ʠ ʛʝʤʦʛʨʘʤʤʘ ʧʦʣʫʯʘʚʰʠʭ ʧʨʝʧʘʨʘʪ 2-ʣʝʪʥʠʭ ʤʳʰʝʡ ʥʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ 

ʢʦʥʪʨʦʣʷ. ʏʠʩʣʦ ʤʝʟʝʥʭʠʤʘʣʴʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ ʢʦʩʪʥʦʤ ʤʦʟʛʝ ʥʝ ʤʝʥʷʝʪʩʷ 

ʚ ʪʝʯʝʥʠʝ 2 ʣʝʪ ʚʚʝʜʝʥʠʷ SkQ1, ʦʜʥʘʢʦ ʢʦʥʮʝʥʪʨʘʮʠʷ ʵʪʠʭ ʢʣʝʪʦʢ ʚ ʧʦʪʦʤʩʪʚʝ 

ʢʦʣʦʥʠʝʦʙʨʘʟʫʶʱʠʭ ʝʜʠʥʠʮ ʬʠʙʨʦʙʣʘʩʪʦʚ (ʂʆɽ-ʌ) ʨʘʩʪʝʪ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʜʦʟʳ 

SkQ1. ʂʦʥʮʝʥʪʨʘʮʠʷ ʂʆɽ-ʌ ʧʦʩʣʝ 1 ʠ 2 ʣʝʪ ʚʚʝʜʝʥʠʷ SkQ1 ʙʳʣʘ ʚ ʜʚʘ ʨʘʟʘ ʚʳʰʝ, 

ʯʝʤ ʫ ʤʦʣʦʜʳʭ ʤʳʰʝʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ SkQ1 ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʨʘʟʚʠʪʠʝ ʩʘʤʦʛʦ ʠʟʚʝʩʪʥʦʛʦ ʤʘʨʢʝʨʘ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ  ʛʝʤʘʪʦʧʦʵʪʠʯʝʩʢʦʡ 

ʩʠʩʪʝʤʝ ï ʠʥʚʦʣʶʮʠʠ ʪʠʤʫʩʘ [Obukhova et al., 2009].   

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʪʘʨʝʥʠʝ ʯʘʩʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʷʤʠ ʨʘʟʣʠʯʥʳʭ 

ʬʫʥʢʮʠʡ ʮʝʥʪʨʘʣʴʥʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʳ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚʩʪʨʝʯʘʶʱʠʤʠʩʷ ʫ ʧʦʞʠʣʳʭ 

ʣʶʜʝʡ ʙʦʣʝʟʥʷʤʠ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʇʘʨʢʠʥʩʦʥʘ ʚ ʨʘʟʚʠʪʠʠ ʢʦʪʦʨʳʭ ʙʦʣʴʰʫʶ ʨʦʣʴ 

ʦʪʚʦʜʷʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ ɸʌʂ [Reddy, 2006, Armstrong, 2008]. ʆʢʘʟʘʣʦʩʴ, ʯʪʦ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʘʥʪʠʦʢʩʠʜʘʥʪʳ ʩʧʦʩʦʙʥʳ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʘʟʚʠʪʠʝ ʧʦʜʦʙʥʳʭ 

ʥʘʨʫʰʝʥʠʡ. ɹʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ [Stefanova et al., 2010] ʚʣʠʷʥʠʝ SkQ1 (250 ʥʤʦʣʴ 

SkQ1/ʢʛ ʭ ʩʫʪʢʠ ʚʦ ʚʨʝʤʷ ʝʜʳ) ʥʘ ʧʦʚʝʜʝʥʠʝ ʚ ʪʝʩʪʝ çʇʨʠʧʦʜʥʷʪʳʡ 

ʢʨʝʩʪʦʦʙʨʘʟʥʳʡ ʣʘʙʠʨʠʥʪè ʠ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè, ʘ ʪʘʢʞʝ ʥʘ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʧʘʤʷʪʴ ʚ ʪʝʩʪʝ çʚʦʜʥʳʡ ʣʘʙʠʨʠʥʪ ʄʦʨʨʠʩʘè (ɺʃʄ) ʢʨʳʩ 

ʩʨʝʜʥʝʛʦ ʚʦʟʨʘʩʪʘ (12 ʤʝʩ.) ʣʠʥʠʠ ɺʠʩʪʘʨ ʠ ʣʠʥʠʠ OXYS ʩ ʫʩʢʦʨʝʥʥʳʤ ʪʝʤʧʦʤ 

ʩʪʘʨʝʥʠʷ. ʋ 14-ʤʝʩʷʯʥʳʭ, ʘ ʪʘʢʞʝ 3-ʤʝʩ̫ʯʥʳʭ ʢʨʳʩ ʣʠʥʠʠ OXYS ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʨʳʩʘʤʠ ʣʠʥʠʠ ɺʠʩʪʘʨ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʟʠʣʠʩʴ ʧʦʢʘʟʘʪʝʣʠ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʩʪʝ 

çʆʪʢʨʳʪʦʝ ʧʦʣʝè, ʟʘʤʝʯʝʥʘ ʧʦʚʳʰʝʥʥʘʷ ʪʨʝʚʦʞʥʦʩʪʴ ʚ ʪʝʩʪʝ çʇʨʠʧʦʜʥʷʪʳʡ 

ʢʨʝʩʪʦʦʙʨʘʟʥʳʡ ʣʘʙʠʨʠʥʪè, ʠ ʧʨʦʷʚʠʣʦʩʴ ʦʩʣʘʙʣʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʫʯʝʥʠʶ ʚ 

ʪʝʩʪʝ ɺʃʄ. ʂʨʳʩʳ ʦʙʝʠʭ ʣʠʥʠʡ, ʦʙʨʘʙʦʪʘʥʥʳʝ SkQ1, ʧʨʦʷʚʣʷʣʠ ʟʥʘʯʠʪʝʣʴʥʦ 

ʙʦʣʝʝ ʚʳʩʦʢʫʶ ʜʚʠʛʘʪʝʣʴʥʫʶ ʠ ʧʦʠʩʢʦʚʫʶ ʘʢʪʠʚʥʦʩʪʠ ʚ ʪʝʩʪʝ çʆʪʢʨʳʪʦʝ ʧʦʣʝè ʠ 

ʤʝʥʴʰʝʝ ʙʝʩʧʦʢʦʡʩʪʚʦ ʚ ʪʝʩʪʝ çʇʨʠʧʦʜʥʷʪʳʡ ʢʨʝʩʪʦʦʙʨʘʟʥʳʡ ʣʘʙʠʨʠʥʪè ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʩʭʦʞʠʤʠ ʧʦ ʚʦʟʨʘʩʪʫ ʢʨʳʩʘʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ. ʂʨʳʩʳ ʣʠʥʠʠ 



74 
 

ɺʠʩʪʘʨ, ʦʙʨʘʙʦʪʘʥʥʳʝ SkQ1, ʚʳʷʚʠʣʠ ʦʩʣʘʙʣʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʫʯʝʥʠʶ ʚ ʪʝʩʪʝ 

ɺʃʄ ʚ ʩʨʘʚʥʝʥʠʠ ʩ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, SkQ1 ʦʢʘʟʳʚʘʣ 

ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʚʦʟʜʝʡʩʪʚʠʝ ʥʘ ʜʚʠʛʘʪʝʣʴʥʫʶ ʠ ʧʦʠʩʢʦʚʫʶ ʬʫʥʢʮʠʠ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ ʢʨʳʩ. ʊʝʤ ʥʝ ʤʝʥʝʝ, SkQ1 ʥʝ ʠʟʤʝʥʷʣ ʩʧʦʩʦʙʥʦʩʪʴ ʢ ʦʙʫʯʝʥʠʶ, 

ʧʨʦʷʚʣʝʥʥʫʶ ʢʨʳʩʘʤʠ ʣʠʥʠʠ OXYS ʚ ʪʝʩʪʝ ɺʃʄ ʠ ʥʝʤʥʦʛʦ ʫʤʝʥʴʰʘʣ ʵʪʫ 

ʩʧʦʩʦʙʥʦʩʪʴ ʫ ʢʨʳʩ ʣʠʥʠʠ ɺʠʩʪʘʨ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʨʘʟʣʠʯʠʷʤʠ ʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʦʤ ʛʦʤʝʦʩʪʘʟʝ. ɺ ʜʨʫʛʦʡ ʨʘʙʦʪʝ [Amstislavskaya et 

al., 2010] ʠʟʫʯʠʣʠ ʜʝʡʩʪʚʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ, 

SkQ1, ʥʘ ʩʝʢʩʫʘʣʴʥʫʶ ʤʦʪʠʚʘʮʠʶ ʫ ʩʘʤʮʦʚ 12-ʤʝʩʷʯʥʳʭ ʢʨʳʩ ʣʠʥʠʠ ɺʠʩʪʘʨ ʠ 

ʩʘʤʮʦʚ ʢʨʳʩ ʣʠʥʠʠ OXYS ʩ ʫʩʢʦʨʝʥʥʳʤ ʪʝʤʧʦʤ ʩʪʘʨʝʥʠʷ. ʇʨʠ ʥʘʣʠʯʠʠ 

ʩʝʢʩʫʘʣʴʥʦʛʦ ʩʪʠʤʫʣʘ, ʨʘʟʣʠʯʠʡ ʤʝʞʜʫ 4- ʠ 12-ʤʝʩʷʯʥʳʤʠ ʩʘʤʮʘʤʠ ʢʨʳʩ ʣʠʥʠʠ 

ɺʠʩʪʘʨ ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ; ʦʜʥʘʢʦ 12-ʤʝʩʷʯʥʳʝ ʩʘʤʮʳ ʢʨʳʩ ʣʠʥʠʠ OXYS 

ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʙʦʣʝ ʥʠʟʢʫʶ ʩʢʣʦʥʥʦʩʪʴ ʢ ʩʝʢʩʫʘʣʴʥʦʡ ʤʦʪʠʚʘʮʠʠ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ 4-ʤʝʩʷʯʥʳʤʠ ʢʨʳʩʘʤʠ ʣʠʥʠʠ OXYS ʠ 12-ʤʝʩʷʯʥʳʤʠ ʢʨʳʩʘʤʠ ʣʠʥʠʠ 

ɺʠʩʪʘʨ. ɸʚʪʦʨʳ ʠʟʫʯʠʣʠ ʜʝʡʩʪʚʠʝ SkQ1 ʥʘ ʩʝʢʩʫʘʣʴʥʫʶ ʤʦʪʠʚʘʮʠʶ ʩʘʤʮʦʚ ʢʨʳʩ 

12-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ ʧʨʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʤ ʧʨʠʝʤʝ, ʥʘʯʠʥʘʷ ʩ 1,5-ʤʝʩʷʯʥʦʛʦ 

ʚʦʟʨʘʩʪʘ (10, 50 ʠʣʠ 250 ʥʤʦʣʴ/ʢʛ ʚ ʩʫʪʢʠ), 45-ʜʥʝʚʥʦʝ ʚʚʝʜʝʥʠʝ SkQ1, ʥʘʯʠʥʘʷ ʩ 

10,5-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ (50 ʥʤʦʣʴ/ʢʛ), ʠ 3-ʤʝʩʷʯʥʦʝ ʚʚʝʜʝʥʠʝ ʧʨʝʧʘʨʘʪʘ, ʥʘʯʠʥʘʷ 

ʩ 9-ʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ (250 ʥʤʦʣʴ/ʢʛ). SkQ1 ʥʝ ʚʣʠʷʣʠ ʥʘ ʜʚʠʛʘʪʝʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ, ʦʜʥʘʢʦ, SkQ1 ʫʚʝʣʠʯʠʚʘʣ ʚʨʝʤʷ, ʧʨʦʚʝʜʝʥʥʦʝ ʫ ʧʝʨʝʛʦʨʦʜʢʠ. 

ɿʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʤʦʪʠʚʘʮʠʦʥʥʦʡ ʩʪʘʜʠʠ ʩʝʢʩʫʘʣʴʥʦʛʦ 

ʧʦʚʝʜʝʥʠʷ ʧʨʦʷʚʠʣʘʩʴ ʫ ʢʨʳʩ ʣʠʥʠʠ OXYS ʧʦʩʣʝ ʜʣʠʪʝʣʴʥʦʛʦ ʧʨʝʚʝʥʪʠʚʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ SkQ1 ʚ ʜʦʟʠʨʦʚʢʝ 50 ʠ 250 ʥʤʦʣʴ/ʢʛ. ʇʨʦʜʦʣʞʠʪʝʣʴʥʦʝ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʝ ʚʚʝʜʝʥʠʝ ʧʨʝʧʘʨʘʪʘ ʢʨʳʩʘʤ ʣʠʥʠʠ OXYS ʩ ʫʩʢʦʨʝʥʥʳʤ ʪʝʤʧʦʤ 

ʩʪʘʨʝʥʠʷ ʚ ʪʝʯʝʥʠʝ 3 ʤʝʩʷʮʝʚ ʚ ʜʦʟʠʨʦʚʢʝ 250 ʥʤʦʣʴ/ʢʛ ʪʘʢʞʝ ʦʢʘʟʘʣʦʩʴ 

ʵʬʬʝʢʪʠʚʥʳʤ. ɼʨʫʛʠʤ ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʥʝʡʨʦʧʨʦʪʝʢʪʦʨʥʦʛʦ ʜʝʡʩʪʚʠʷ SkQ1 ʧʨʠ 

ʩʪʘʨʝʥʠʠ ʷʚʣʷʝʪʩʷ ʠʥʬʦʨʤʘʮʠʷ ʦ ʪʦʤ, ʯʪʦ SkQ1 ʩʧʦʩʦʙʝʥ ʟʘʤʝʜʣʷʪʴ ʨʘʟʚʠʪʠʝ 

ɸʣʴʮʛʝʡʤʝʨ-ʧʦʜʦʙʥʳʭ ʧʦʨʘʞʝʥʠʡ ʫ ʢʨʳʩ [Isaev et al., 2013; Stefanova et al., 2014]. 

MitoQ ʪʘʢʞʝ ʦʢʘʟʘʣʩʷ ʩʧʦʩʦʙʝʥ ʫʤʝʥʴʰʘʪʴ ʨʘʟʚʠʪʠʝ ʠʟʤʝʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ 

ʧʨʠ ʙʦʣʝʟʥʷʭ ɸʣʴʮʛʝʡʤʝʨʘ ʠ ʇʘʨʢʠʥʩʦʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ 
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ʤʦʜʝʣʷʭ [Manczak et al., 2010; McManus et al., 2011; Solesio et al., 2013], ʭʦʪʷ 

ʧʦʧʳʪʢʠ ʝʛʦ ʧʨʠʤʝʥʝʥʠʷ ʚ ʢʣʠʥʠʢʝ ʧʨʦʪʠʚ ʙʦʣʝʟʥʠ ʇʘʨʢʠʥʩʦʥʘ ʦʢʦʥʯʠʣʠʩʴ 

ʙʝʟʫʩʧʝʰʥʦ [Snow et al., 2010]. ɹʳʣʦ ʚʳʩʢʘʟʘʥʦ ʧʨʝʜʧʦʣʦʞʝʥʠʝ, ʯʪʦ ʵʬʬʝʢʪʳ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʧʨʠ ʙʦʣʝʟʥʠ ɸʣʴʮʛʝʡʤʝʨʘ ʩʚʷʟʘʥʳ ʩ ʠʭ 

ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʛʠʧʝʨʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʙʝʣʢʘ ʪʘʫ, ʧʨʠ ʢʦʪʦʨʦʤ ʚ 

ʢʘʯʝʩʪʚʝ ʧʦʩʨʝʜʥʠʢʘ  ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʙʝʪʘ-ʘʤʠʣʦʠʜʦʤ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ɸʌʂ [Skulachev et al., 2011, Skulachev, 2012].  

ʀʟ ʜʨʫʛʠʭ ʵʬʬʝʢʪʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʦʢʘʟʳʚʘʝʤʳʭ  ʥʘ 

ʠʟʤʝʥʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩʦ ʩʪʘʨʝʥʠʝʤ, ʩʣʝʜʫʝʪ ʫʧʦʤʷʥʫʪʴ ʩʧʦʩʦʙʥʦʩʪʴ MitoQ 

ʩʥʠʞʘʪʴ ʚʳʨʘʞʝʥʥʦʩʪʴ ʚʦʟʨʘʩʪʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʵʥʜʦʪʝʣʠʷ [Gioscia-Ryan et al., 

2014],  ʪʦʨʤʦʟʠʪʴ ʫʢʦʨʦʯʝʥʠʝ ʪʝʣʦʤʝʨ [Saretzki et al., 2003], ʘ SkQ1 ï ʧʦʚʳʰʘʪʴ 

ʨʝʧʨʦʜʫʢʮʠʶ (ʫ ʧʣʦʜʦʚʳʭ ʤʫʰʝʢ) [Tsybul'ko et al., 2010], ʩʥʠʞʘʪʴ ʯʘʩʪʦʪʫ 

ʭʨʦʤʦʩʦʤʥʳʭ ʘʙʝʨʨʘʮʠʡ [Chistyakov et al., 2010] ʠ ʢʘʢʠʤ-ʪʦ ʧʦʢʘ ʥʝ ʠʟʚʝʩʪʥʳʤ 

ʧʫʪʝʤ ʦʙʝʩʧʝʯʠʚʘʪʴ ʚʳʞʠʚʘʥʠʝ ʦʨʛʘʥʠʟʤʘ ʧʨʠ ʥʘʨʫʰʝʥʠʷʭ ʛʦʤʝʦʩʪʘʟʘ, 

ʩʧʦʩʦʙʥʳʭ ʚʳʟʚʘʪʴ ʩʤʝʨʪʴ [Zorov et al., 2012].  

ʇʦʤʠʤʦ ʩʦʙʩʪʚʝʥʥʦ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʛʝʨʦʥʪʦʣʦʛʠʠ ʠ 

ʛʝʨʦʧʨʦʪʝʢʮʠʠ ʠʤʝʝʪ ʦʧʨʝʜʝʣʝʥʥʦʝ ʟʥʘʯʝʥʠʝ ʚʣʠʷʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʟʘʙʦʣʝʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʯʘʩʪʦ ʨʘʟʚʠʚʘʶʪʩʷ ʫ 

ʧʦʞʠʣʳʭ ʣʶʜʝʡ, ʭʦʪʷ ʠʭ ʠ ʥʝʣʴʟʷ ʦʪʥʝʩʪʠ ʢ ʯʠʩʣʫ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʭ ʧʨʠʟʥʘʢʦʚ 

ʩʪʘʨʝʥʠʷ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʤʦʛʫʪ ʙʳʪʴ ʠ ʫ ʤʦʣʦʜʳʭ ʩʫʙʲʝʢʪʦʚ ʩ ʦʧʨʝʜʝʣʝʥʥʳʤʠ 

ʛʝʥʝʪʠʯʝʩʢʠʤʠ ʜʝʬʝʢʪʘʤʠ ʠʣʠ ʨʘʟʚʠʚʘʪʴʩʷ ʧʨʠ ʜʝʡʩʪʚʠʠ ʥʝʢʦʪʦʨʳʭ ʬʘʢʪʦʨʦʚ 

ʚʥʝʰʥʝʡ ʩʨʝʜʳ. ʕʪʦ ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʘʤʠʣʦʠʜʦʟ, ʩʘʭʘʨʥʳʡ 

ʜʠʘʙʝʪ 2-ʛʦ ʪʠʧʘ (ʠʥʩʫʣʠʥʦʚʘʷ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʪʢʘʥʝʡ), ʘʪʝʨʦʩʢʣʝʨʦʟ, 

ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ (ʛʠʧʝʨʪʦʥʠʯʝʩʢʘʷ ʙʦʣʝʟʥʴ) [ɸʥʠʩʠʤʦʚ, 2008]. ʆ 

ʟʣʦʢʘʯʝʩʪʚʝʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷʭ ʫʞʝ ʰʣʘ ʨʝʯʴ ʚ ʨʘʟʜʝʣʝ, ʧʦʩʚʷʱʝʥʥʦʤ 

ʦʧʫʭʦʣʝʚʦʤʫ ʨʦʩʪʫ (1.4.4), ʦʙ ʦʩʣʦʞʥʝʥʠʷʭ ʘʪʝʨʦʩʢʣʝʨʦʟʘ, ʚ ʦʩʥʦʚʝ ʢʦʪʦʨʳʭ 

ʣʝʞʘʪ ʠʰʝʤʠʷ-ʨʝʧʝʨʬʫʟʠʷ ʠ ʜʨʫʛʠʝ ʬʦʨʤʳ ʘʣʴʪʝʨʘʮʠʠ ï ʚ ʨʘʟʜʝʣʝ 1.4.1, ʦ 

ʚʣʠʷʥʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʥʘ ʥʝʢʦʪʦʨʳʝ ʧʦʩʣʝʜʩʪʚʠʷ 

ʛʠʧʝʨʪʦʥʠʠ (ʛʠʧʝʨʪʨʦʬʠʷ ʤʠʦʢʘʨʜʘ) ʠ ʜʠʘʙʝʪʠʯʝʩʢʦʡ ʛʠʧʝʨʛʣʠʢʝʤʠʠ (ʬʠʙʨʦʟ 

ʢʣʫʙʦʯʢʦʚ ʧʦʯʝʢ) ï ʚ ʨʘʟʜʝʣʝ ʦ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʘʭ 
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(1.4.3), ʧʦʵʪʦʤʫ ʟʜʝʩʴ ʤʦʞʥʦ ʦʛʨʘʥʠʯʠʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʜʦʙʘʚʣʝʥʠʷʤʠ, 

ʢʘʩʘʶʱʠʤʠʩʷ ʜʠʘʙʝʪʘ ʠ ʘʪʝʨʦʩʢʣʝʨʦʟʘ. ʉʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʘʷ ʣʠʪʝʨʘʪʫʨʘ, 

ʧʦʩʚʷʱʝʥʥʘʷ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʧʘʪʦʛʝʥʝʟʘ ʘʪʝʨʦʩʢʣʝʨʦʟʘ, ʜʠʘʙʝʪʘ ʠ 

ʠʭ ʦʩʣʦʞʥʝʥʠʡ [ɿʝʥʢʦʚ ʠ ʩʦʘʚʪ., 2001; Kashiwagi, 2001; Van Reyk et al., 2003; 

Merzonk et al., 2003; ʃʘʥʢʠʥ ʠ ʩʦʘʚʪ., 2005; Mackenzie et al., 2013; Jain et al., 2014; 

Wang et al., 2014] ʠ ʨʷʜ ʩʦʦʙʱʝʥʠʡ ʦ ʧʦʟʠʪʠʚʥʳʭ ʵʬʬʝʢʪʘʭ ʪʨʘʜʠʮʠʦʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʧʨʠ ʵʪʠʭ ʟʘʙʦʣʝʚʘʥʠʷʭ [ɹʘʣʘʙʦʣʢʠʥ ʠ ʩʦʘʚʪ., 2003; Rajendran, 

2014]. ʏʪʦ ʢʘʩʘʝʪʩʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʪʦ ʜʘʥʥʳʝ ʥʘ ʵʪʦʪ ʩʯʝʪ 

ʦʛʨʘʥʠʯʠʚʘʶʪʩʷ ʝʜʠʥʠʯʥʳʤʠ ʩʦʦʙʱʝʥʠʷʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

MitoQ ʩʧʦʩʦʙʝʥ ʫʤʝʥʴʰʘʪʴ ʚʳʨʘʞʝʥʥʦʩʪʴ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʤʘʨʢʝʨʦʚ ʫ ʞʠʚʦʪʥʳʭ ʩ 

ʛʝʥʝʪʠʯʝʩʢʠ-ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʩʠʥʜʨʦʤʦʤ (ʢʦʪʦʨʳʡ, ʢʘʢ ʠʟʚʝʩʪʥʦ, 

ʩʣʫʞʠʪ ʬʦʥʦʤ ʜʣʷ ʨʘʟʚʠʪʠʷ ʘʪʝʨʦʩʢʣʝʨʦʟʘ ʠ ʜʠʘʙʝʪʘ ʚʪʦʨʦʛʦ ʪʠʧʘ) ʠʣʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʩʠʥʜʨʦʤʦʤ, ʚʳʟʚʘʥʥʳʤ ʞʠʨʥʦʡ ʜʠʝʪʦʡ, ʧʨʠʯʝʤ ʟʥʘʯʠʪʝʣʴʥʦ 

ʵʬʬʝʢʪʠʚʥʝʝ, ʯʝʤ ʪʘʢʠʝ ʧʨʝʧʘʨʘʪʳ, ʢʘʢ ʘʧʦʮʠʥʠʥ ʠ ʘʣʣʦʧʫʨʠʥʦʣ [Mercer et al., 

2012; Feillet-Coudray et al., 2014]. ɺ ʪʦ ʞʝ ʚʨʝʤʷ, ʩ ʧʦʤʦʱʴʶ SkQ1 ʥʝ ʫʜʘʣʦʩʴ 

ʧʦʚʣʠʷʪʴ ʥʘ ʫʨʦʚʝʥʴ ʪʦʣʝʨʘʥʪʥʦʩʪʠ ʢ ʛʣʶʢʦʟʝ, ʩʦʩʪʦʷʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʠ 

ʠʥʩʫʣʠʥ-ʟʘʚʠʩʠʤʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ ʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʫ ʤʳʰʝʡ ʩ 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʡ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ [Paglialunga et al., 2012]. 

 

1.4.7 ʕʬʬʝʢʪʳ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ: ʦʙʱʠʡ ʚʟʛʣʷʜ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʧʨʦʙʣʝʤʳ 

ʈʘʩʩʤʦʪʨʝʥʥʳʡ ʟʜʝʩʴ ʙʦʣʴʰʦʡ ʣʠʪʝʨʘʪʫʨʥʳʡ ʤʘʪʝʨʠʘʣ ʤʦʞʝʪ ʙʳʪʴ 

ʦʩʥʦʚʘʥʠʝʤ ʜʣʷ ʥʝʩʢʦʣʴʢʠʭ ʦʧʨʝʜʝʣʝʥʥʳʭ ʦʙʦʙʱʘʶʱʠʭ ʫʪʚʝʨʞʜʝʥʠʡ.  

ʉʚʦʙʦʜʥʦ-ʨʘʜʠʢʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ, ʚ ʪʦʤ ʯʠʩʣʝ ʩ ʫʯʘʩʪʠʝʤ ɸʌʂ, ʷʚʣʷʶʪʩʷ 

ʦʜʥʦʡ ʠʟ ʛʣʘʚʥʳʭ ʪʝʤ, ʢʦʛʜʘ ʨʝʯʴ ʠʜʝʪ ʦ ʧʘʪʦʛʝʥʝʟʝ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ɹʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʘʥʥʳʭ, ʥʘʢʦʧʣʝʥʥʳʭ ʟʘ ʧʦʣʚʝʢʘ ʩ ʤʦʤʝʥʪʘ ʧʦʷʚʣʝʥʠʷ 

ʪʝʦʨʠʠ D. A. Harman [Harman, 1956], ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʢʦʣʦʩʩʘʣʴʥʦʤ ʚʥʠʤʘʥʠʠ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʡ ʢ ʨʦʣʠ ʦʢʠʩʣʠʪʝʣʴʥʳʭ ʧʦʚʨʝʞʜʝʥʠʡ ʨʘʟʥʦʦʙʨʘʟʥʳʭ 

ʤʘʢʨʦʤʦʣʝʢʫʣ ʚ ʨʘʟʚʠʪʠʠ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ʠ ʣʝʞʘʱʠʭ ʚ ʠʭ ʦʩʥʦʚʝ 
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ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ. ʀʩʪʦʯʥʠʢʦʤ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʵʪʠʭ 

ʩʠʪʫʘʮʠʷʭ ʚʳʩʪʫʧʘʶʪ ʢʘʢ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ, ʚʳʟʚʘʥʥʳʝ ʧʦʚʨʝʞʜʘʶʱʠʤʠ 

ʘʛʝʥʪʘʤʠ (ʥʘʧʨʠʤʝʨ, ʠʦʥʠʟʠʨʫʶʱʠʤ ʠʟʣʫʯʝʥʠʝʤ), ʪʘʢ ʠ ʧʨʦʮʝʩʩʳ, ʠʟʥʘʯʘʣʴʥʦ 

ʧʨʝʜʥʘʟʥʘʯʝʥʥʳʝ ʜʣʷ ʚʧʦʣʥʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ (ʪʘʢʠʝ, ʢʘʢ ʛʝʥʝʨʘʮʠʷ 

ʛʠʜʨʦʢʩʠʣ-ʘʥʠʦʥʘ ʧʨʠ ʬʘʛʦʮʠʪʦʟʝ). ʉʦʛʣʘʩʥʦ ʤʥʦʛʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, 

ʤʠʪʦʭʦʥʜʨʠʠ ʚʥʦʩʷʪ ʟʥʘʯʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʧʨʠ 

ʨʘʟʣʠʯʥʳʭ ʩʦʩʪʦʷʥʠʷʭ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʠ ʠʰʝʤʠʠ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʨʝʧʝʨʬʫʟʠʝʡ, 

ʭʦʪʷ ʪʦʯʥʘʷ ʦʮʝʥʢʘ ʵʪʦʛʦ ʚʢʣʘʜʘ ʥʘʪʘʣʢʠʚʘʝʪʩʷ ʥʘ ʙʦʣʴʰʠʝ ʪʝʭʥʠʯʝʩʢʠʝ 

ʪʨʫʜʥʦʩʪʠ.  ʊʝʤ ʥʝ ʤʝʥʝʝ, ʠʤʝʶʪʩʷ ʦʧʨʝʜʝʣʝʥʥʳʝ ʦʩʥʦʚʘʥʠʷ ʜʣʷ  ʪʦʛʦ, ʯʪʦʙʳ 

ʩʯʠʪʘʪʴ ʤʠʪʦʭʦʥʜʨʠʠ ʦʜʥʦʡ ʠʟ ʚʘʞʥʝʡʰʠʭ ʤʠʰʝʥʝʡ ʜʣʷ ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʪʝʨʘʧʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʦʟʜʘʥʦ ʮʝʣʦʝ ʩʝʤʝʡʩʪʚʦ 

ʩʦʝʜʠʥʝʥʠʡ, ʩʧʦʩʦʙʥʳʭ ʧʨʦʥʠʢʘʪʴ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʠ ʜʦʩʪʘʚʣʷʪʴ ʚ ʥʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʝ ʢʦʤʧʦʥʝʥʪʳ. ʈʷʜ ʪʝʩʪʦʚ, ʧʨʦʚʝʜʝʥʥʳʭ ʥʘ ʩʠʩʪʝʤʘʭ in vitro, 

ʧʦʢʘʟʘʣ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦ ʤʥʦʛʠʤ ʧʘʨʘʤʝʪʨʘʤ ʩʦʝʜʠʥʝʥʠʡ 

ʷʚʣʷʝʪʩʷ SkQ1 ʠ ʝʛʦ ʘʥʘʣʦʛʠ. ʄʥʦʛʦʯʠʩʣʝʥʥʳʝ ʠʩʧʳʪʘʥʠʷ ʥʘ ʤʦʜʝʣʷʭ ʨʘʟʣʠʯʥʳʭ 

ʟʘʙʦʣʝʚʘʥʠʡ ʦʙʥʘʨʫʞʠʣʠ ʨʷʜ ʧʦʟʠʪʠʚʥʳʭ ʵʬʬʝʢʪʦʚ, ʢʦʪʦʨʳʝ ʩʫʤʤʠʨʦʚʘʥʳ ʚ 

ʪʘʙʣʠʮʝ 3. ʄʝʞʜʫ ʪʝʤ, ʥʝʣʴʟʷ ʥʝ ʟʘʤʝʪʠʪʴ, ʯʪʦ ʧʝʨʝʯʝʥʴ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʩʪʦʷʥʠʡ,  

 

ʊʘʙʣʠʮʘ 3 ï ɺʘʞʥʝʡʰʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʩʦʩʪʦʷʥʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʘ ʠʣʠ 

ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʧʘʪʦʛʝʥʝʪʠʯʝʩʢʘʷ ʨʦʣʴ ɸʌʂ [Halliwell, 1987; Halliwell, Gutteridge, 1990; 

Aruoma et al., 1991; Harman, 1992; Martínez-Cayuela, 1995], ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʠʭ 

ʨʘʟʚʠʪʠʷ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʠ  ʜʘʥʥʳʝ ʦʙ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʣʠ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ  

ɿʘʙʦʣʝʚʘʥʠʝ  ʆʩʥʦʚʥʦʡ ʪʠʧ (ʦʩʥʦʚʥʳʝ ʪʠʧʳ) 

ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-

ʥʘʧʨʘʚʣʝʥʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

ʊʦʢʩʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ    

ʇʦʨʘʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ 

ʪʦʢʩʠʯʝʩʢʠʤʠ ʛʘʟʘʤʠ (NO2, SO2, 

O3) 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʇʦʨʘʞʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘʙʘʯʥʦʛʦ ʜʳʤʘ 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʧʘʨʘʢʚʘʪʘ ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʧʝʨʦʨʘʣʴʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʞʝʣʝʟʘ 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʛʠʧʝʨʝʮʠʥʘ 

ʠ ʜʨʫʛʠʭ ʬʦʪʦʩʝʥʩʝʙʠʣʠʟʘʪʦʨʦʚ 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʛʠʧʝʨʦʢʩʠʠ ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 
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ɿʘʙʦʣʝʚʘʥʠʝ  ʆʩʥʦʚʥʦʡ ʪʠʧ (ʦʩʥʦʚʥʳʝ ʪʠʧʳ) 

ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʘʣʢʦʛʦʣʷ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʘʣʢʦʛʦʣʠʟʤ, ʘʣʢʦʛʦʣʴ-

ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʧʝʨʝʛʨʫʟʢʘ 

ʞʝʣʝʟʦʤ, ʘʣʢʦʛʦʣʴʥʳʝ ʤʠʦʧʘʪʠʷ ʠ 

ʢʘʨʜʠʦʤʠʦʧʘʪʠʷ) 

ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʘʣʢʦʛʦʣʴʥʦʛʦ ʞʠʨʦʚʦʛʦ ʛʝʧʘʪʦʟʘ 

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʥʝʩʪʝʨʦʠʜʥʳʭ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʥʘ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʳʡ ʪʨʘʢʪ 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʧʨʠʤʘʭʠʥʘ 

ʠ ʜʨʫʛʠʭ ʧʦʜʦʙʥʳʭ ʚʝʱʝʩʪʚ 

(ʬʘʚʠʟʤ) 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʘʜʨʠʘʤʠʮʠʥʘ, ʙʣʝʦʤʠʮʠʥʘ ʠ 

ʥʝʢʦʪʦʨʳʭ ʜʨʫʛʠʭ ʮʠʪʦʩʪʘʪʠʢʦʚ 

ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ, ʚʳʟʚʘʥʥʦʡ 

ʘʜʨʠʘʤʠʮʠʥʦʤ ʠ ʮʠʩʧʣʘʪʠʥʦʚʦʡ 

ʥʝʬʨʦʧʘʪʠʠ 

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ ʪʷʞʝʣʳʭ 

ʤʝʪʘʣʣʦʚ (Pb, Cd, Hg) 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʅʝʬʨʦ- ʠ ʦʪʦʪʦʢʩʠʯʝʩʢʠʝ 

ʵʬʬʝʢʪʳ ʘʤʠʥʦʛʣʠʢʦʟʠʜʦʚ 

(ʛʝʥʪʘʤʠʮʠʥʘ) 

ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ 

ʕʬʬʝʢʪʳ ʥʝʡʨʦʪʦʢʩʠʥʦʚ ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ɼʠʘʙʝʪʦʛʝʥʥʦʝ ʜʝʡʩʪʚʠʝ 

ʘʣʣʦʢʩʘʥʘ (ʠʥʜʫʢʮʠʷ ʜʠʘʙʝʪʘ 1-ʛʦ 

ʪʠʧʘ) 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʊʦʢʩʠʯʝʩʢʘʷ ʜʠʩʪʨʦʬʠʷ ʧʝʯʝʥʠ, 

ʚʳʟʚʘʥʥʘʷ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʤ 

ʫʛʣʝʨʦʜʦʤ  

ɸʣʪɹʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʇʦʨʘʞʝʥʠʷ ʧʝʯʝʥʠ, ʚʳʟʚʘʥʥʳʝ 

ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʙʘʢʪʝʨʠʡ 

ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ 

ʊʦʢʩʠʯʝʩʢʠʝ ʵʬʬʝʢʪʳ 

ʬʝʥʠʣʛʠʜʨʘʟʠʥʘ 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʅʝʬʨʦʧʘʪʠʷ, ʚʳʟʚʘʥʥʘʷ 

ʨʘʙʜʦʤʠʦʣʠʟʦʤ 

 ʇʦʢʘʟʘʥʘ (ʩʥʠʞʝʥʠʝ ʩʤʝʨʪʥʦʩʪʠ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʠ ʧʦʯʝʢ) 

ɼʠʘʙʝʪʠʯʝʩʢʘʷ ʥʝʬʨʦʧʘʪʠʷ ɸʣʴʪʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʬʠʙʨʦʟ) 

ʇʦʢʘʟʘʥʘ 

ʇʦʚʨʝʞʜʝʥʠʷ ʦʨʛʘʥʦʚ, ʚʳʟʚʘʥʥʳʝ 

ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʧʝʨʝʛʨʫʟʢʦʡ 

ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʦ ʚ ʦʪʥʦʰʝʥʠʠ ʘʧʦʧʪʦʟʘ ʚ 

ʤʠʦʢʘʨʜʝ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 

ʦʙʲʝʤʥʦʡ ʧʝʨʝʛʨʫʟʢʦʡ ʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʭʨʷʱʘ, ʚʳʟʚʘʥʥʦʛʦ 

ʠʟʙʳʪʦʯʥʳʤ ʤʝʭʘʥʠʯʝʩʢʠʤ 

ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʀʥʬʝʢʮʠʦʥʥʦ-ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ 

ʧʦʨʘʞʝʥʠʷ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʘʫʪʦʠʤʤʫʥʥʳʝ ʙʦʣʝʟʥʠ 

  

ʉʠʥʜʨʦʤ ʩʠʩʪʝʤʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ 

(ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʩʝʧʩʠʩ) 

ɺʦʩʧʘʣʝʥʠʝ, ʘʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʠ 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ, 

ʚʳʟʚʘʥʥʳʭ ʙʘʢʪʝʨʠʘʣʴʥʳʤ 

ʣʠʧʦʧʦʣʠʩʘʭʘʨʠʜʦʤ 
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ɿʘʙʦʣʝʚʘʥʠʝ  ʆʩʥʦʚʥʦʡ ʪʠʧ (ʦʩʥʦʚʥʳʝ ʪʠʧʳ) 

ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

ɻʣʦʤʝʨʫʣʦʥʝʬʨʠʪʳ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʤʝʤʙʨʘʥʦʟʥʳʝ ʠ ʠʜʠʦʧʘʪʠʯʝʩʢʠʝ) 

ʀʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚʦʩʧʘʣʝʥʠʝ, 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʬʠʙʨʦʟ) 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ɺʘʩʢʫʣʠʪʳ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʝ ʣʝʢʘʨʩʪʚʘʤʠ ʠ 

ʚʠʨʫʩʘʤʠ, ʪʘʢʠʤʠ, ʢʘʢ ʚʠʨʫʩ 

ʛʝʧʘʪʠʪʘ ɺ) 

ʀʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚʦʩʧʘʣʝʥʠʝ, 

ʘʣʴʪʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʬʠʙʨʦʟ) 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ɸʫʪʦʠʤʤʫʥʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʩʠʩʪʝʤʥʘʷ ʢʨʘʩʥʘʷ 

ʚʦʣʯʘʥʢʘ, ʘʫʪʦʠʤʤʫʥʥʳʝ 

ʚʘʩʢʫʣʠʪʳ, ʜʝʨʤʘʪʦʤʠʦʟʠʪʳ, 

ʤʠʘʩʪʝʥʠʷ, ʛʘʩʪʨʠʪʳ ʠ 

ʥʝʬʨʦʪʠʯʝʩʢʠʝ ʩʠʥʜʨʦʤʳ) 

ʀʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʚʦʩʧʘʣʝʥʠʝ, ʘʣʴʪʝʨʘʮʠʷ, 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʬʠʙʨʦʟ) 

ʅʝ ʧʦʢʘʟʘʥʘ 

ʈʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ ʀʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚʦʩʧʘʣʝʥʠʝ, ʘʣʴʪʝʨʘʮʠʷ 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʇʘʥʢʨʝʘʪʠʪ ɺʦʩʧʘʣʝʥʠʝ, ʘʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ɺʀʏ-ʠʥʬʝʢʮʠʷ (ʥʝʢʦʪʦʨʳʝ 

ʬʦʨʤʳ) 

ʀʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚʦʩʧʘʣʝʥʠʝ, ʘʣʴʪʝʨʘʮʠʷ 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ɸʣʣʝʨʛʠʯʝʩʢʠʡ ʵʥʮʝʬʘʣʦʤʠʝʣʠʪ  ʀʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚʦʩʧʘʣʝʥʠʝ, ʘʣʴʪʝʨʘʮʠʷ 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʈʘʩʩʝʷʥʥʳʡ ʩʢʣʝʨʦʟ ʀʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚʦʩʧʘʣʝʥʠʝ, ʘʣʴʪʝʨʘʮʠʷ 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʄʘʣʷʨʠʷ ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʧʦʢʘʟʘʥʘ 

ʂʦʥʪʘʢʪʥʳʡ ʜʝʨʤʘʪʠʪ ʀʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ 

ʧʨʦʮʝʩʩʳ, ʚʦʩʧʘʣʝʥʠʝ, ʘʣʴʪʝʨʘʮʠʷ 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʇʥʝʚʤʦʢʦʥʠʦʟ ɺʦʩʧʘʣʝʥʠʝ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʬʠʙʨʦʟ) 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʗʟʚʝʥʥʳʡ ʢʦʣʠʪ ʀʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

ʚʦʩʧʘʣʝʥʠʝ, ʘʣʴʪʝʨʘʮʠʷ 

ʇʦʢʘʟʘʥʘ ʥʘ ʤʦʜʝʣʠ ʢʦʣʠʪʘ, 

ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʜʝʢʩʪʨʘʥʦʤ 

ɼʠʩʨʝʛʝʥʝʨʘʪʦʨʥʳʝ ʠ 

ʘʪʨʦʬʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ 

  

ɸʥʝʤʠʷ ʌʘʥʢʦʥʠ ɸʣʴʪʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʘʪʨʦʬʠʷ) 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ɹʨʦʥʭʦʧʫʣʴʤʦʥʘʣʴʥʘʷ ʜʠʩʧʣʘʟʠʷ ʂʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʧʘʪʦʣʦʛʠʯʝʩʢʘʷ ʨʝʛʝʥʝʨʘʮʠʷ) 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʕʤʬʠʟʝʤʘ ʣʝʛʢʠʭ ɸʣʴʪʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʘʪʨʦʬʠʷ) 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʄʳʰʝʯʥʘʷ ʜʠʩʪʨʦʬʠʷ ɸʣʴʪʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʘʪʨʦʬʠʷ) 

ʇʦʢʘʟʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʚʦʟʨʘʩʪʥʦʡ ʩʘʨʢʦʧʝʥʠʠ 

ʎʠʨʨʦʟ ʧʝʯʝʥʠ ʨʘʟʥʦʛʦ 

ʧʨʦʠʩʭʦʞʜʝʥʠʷ 

ɸʣʴʪʝʨʘʮʠʷ (ʚʦʩʧʘʣʝʥʠʝ, 

ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ) 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʘʪʨʦʬʠʷ) 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 
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ɿʘʙʦʣʝʚʘʥʠʝ  ʆʩʥʦʚʥʦʡ ʪʠʧ (ʦʩʥʦʚʥʳʝ ʪʠʧʳ) 

ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

ʈʝʪʠʥʦʧʘʪʠʠ ʨʘʟʥʦʛʦ ʛʝʥʝʟʘ (ʚ 

ʪʦʤ ʯʠʩʣʝ ʬʦʪʦʨʝʪʠʥʦʧʘʪʠʷ) 

ɸʣʴʪʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʘʪʨʦʬʠʷ) 

ʇʦʢʘʟʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʬʦʪʦʨʝʪʠʥʦʧʘʪʠʠ, ʚʨʦʞʜʝʥʥʦʡ 

ʨʝʪʠʥʦʧʘʪʠʠ ʫ ʛʝʥʝʪʠʯʝʩʢʠ 

ʠʟʤʝʥʝʥʥʳʭ ʤʳʰʝʡ  ʠ ʚʦʟʨʘʩʪʥʦʡ 

ʨʝʪʠʥʦʧʘʪʠʠ 

ʈʝʪʨʦʣʝʥʪʘʣʴʥʘʷ ʬʠʙʨʦʧʣʘʟʠʷ ɸʣʴʪʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʘʪʨʦʬʠʷ, ʬʠʙʨʦʟ) 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʂʘʪʘʨʘʢʪʘ ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ 

ɻʣʘʫʢʦʤʘ ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ 

ʄʝʪʘʙʦʣʠʯʝʩʢʠʝ ʥʘʨʫʰʝʥʠʷ   

ʀʜʠʦʧʘʪʠʯʝʩʢʠʡ ʛʝʤʦʭʨʦʤʘʪʦʟ ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʊʘʣʘʩʩʝʤʠʷ ʠ ʜʨʫʛʠʝ ʭʨʦʥʠʯʝʩʢʠʝ 

ʘʥʝʤʠʠ, ʦʩʦʙʝʥʥʦ ʣʝʯʝʥʠʝ 

ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ 

ʛʝʤʦʪʨʘʥʩʬʫʟʠʷʤʠ (ʩ ʨʘʟʚʠʪʠʝʤ 

ʛʝʤʦʭʨʦʤʘʪʦʟʘ ʠ ʛʝʤʦʩʠʜʝʨʦʟʘ) 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ɸʣʠʤʝʥʪʘʨʥʘʷ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴ 

(ʢʚʘʰʠʦʨʢʦʨ) 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʇʦʨʘʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʝʬʠʮʠʪʦʤ ʩʝʣʝʥʘ 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʇʦʨʘʞʝʥʠʷ, ʩʚʷʟʘʥʥʳʝ ʩ 

ʜʝʬʠʮʠʪʦʤ ʚʠʪʘʤʠʥʘ ɽ 

ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʇʦʨʬʠʨʠʷ ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʇʦʜʘʛʨʘ ɺʦʩʧʘʣʝʥʠʝ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ɸʤʠʣʦʠʜʦʟ ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʉʪʘʨʝʥʠʝ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ 

ʥʠʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʚʢʣʶʯʘʷ ʠ ʩʣʫʯʘʠ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʩʪʘʨʝʥʠʷ 

ɸʣʴʪʝʨʘʮʠʷ, ʚʦʩʧʘʣʝʥʠʝ, 

ʠʤʤʫʥʦʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠ 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʚʩʝ ʪʠʧʳ ʚʢʣʶʯʘʷ ʚʦʟʨʘʩʪʥʫʶ 

ʘʪʨʦʬʠʶ ʨʷʜʘ ʦʨʛʘʥʦʚ), 

ʥʘʨʫʰʝʥʠʷ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ, 

ʦʧʫʭʦʣʝʚʳʡ ʨʦʩʪ 

ʇʦʢʘʟʘʥʘ ʥʘ ʥʝʩʢʦʣʴʢʠʭ 

ʤʦʜʝʣʴʥʳʭ ʦʙʲʝʢʪʘʭ, ʦʩʦʙʝʥʥʦ ʚ 

ʦʪʥʦʰʝʥʠʠ ʩʘʨʢʦʧʝʥʠʠ, 
ʨʝʪʠʥʦʧʘʪʠʠ, ʦʩʪʝʦʧʦʨʦʟʘ ʠ 

ʠʥʚʦʣʶʮʠʠ ʪʠʤʫʩʘ ʫ ʫʩʢʦʨʝʥʥʦ 

ʩʪʘʨʝʶʱʠʭ ʢʨʳʩ OXYS 

 

ɹʦʣʝʟʥʴ ɸʣʴʮʛʝʡʤʝʨʘ ɸʣʴʪʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʘʪʨʦʬʠʷ) 

ʇʦʢʘʟʘʥʘ ʥʘ ʨʘʟʥʳʭ ʤʦʜʝʣʷʭ 

ɹʦʣʝʟʥʴ ʇʘʨʢʠʥʩʦʥʘ ɸʣʴʪʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʘʪʨʦʬʠʷ) 

ʇʦʢʘʟʘʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ, ʥʝ 

ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ 

ɹʦʢʦʚʦʡ ʘʤʠʦʪʨʦʬʠʯʝʩʢʠʡ 

ʩʢʣʝʨʦʟ  

ɸʣʴʪʝʨʘʮʠʷ, ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʘʪʨʦʬʠʷ) 

ʇʦʢʘʟʘʥʘ 

ɸʪʝʨʦʩʢʣʝʨʦʟ ɸʣʴʪʝʨʘʮʠʷ, ʚʦʩʧʘʣʝʥʠʝ, 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʬʠʙʨʦʟ), ʥʘʨʫʰʝʥʠʷ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ɻʠʧʝʨʪʨʦʬʠʷ ʤʠʦʢʘʨʜʘ, ʩʚʷʟʘʥʥʘʷ 

ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ 

ʂʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʬʠʙʨʦʟ, ʛʠʧʝʨʪʨʦʬʠʷ) 

ʇʦʢʘʟʘʥʘ 
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ɿʘʙʦʣʝʚʘʥʠʝ  ʆʩʥʦʚʥʦʡ ʪʠʧ (ʦʩʥʦʚʥʳʝ ʪʠʧʳ) 

ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

ʃʠʧʦʬʫʩʮʠʥʦʟ ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ ʜʣʷ ʧʠʛʤʝʥʪʥʦʛʦ 

ʵʧʠʪʝʣʠʷ ʛʣʘʟʘ ʧʨʠ ʩʪʘʨʝʥʠʠ 

ɿʣʦʢʘʯʝʩʪʚʝʥʥʳʝ ʠ 

ʜʦʙʨʦʢʘʯʝʩʪʚʝʥʥʳʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ 

ʆʧʫʭʦʣʝʚʳʡ ʨʦʩʪ ʇʦʢʘʟʘʥʦ ʚ ʦʪʥʦʰʝʥʠʠ 

ʭʠʤʠʯʝʩʢʦʛʦ ʢʘʥʮʝʨʦʛʝʥʝʟʘ ʚ 

ʤʷʛʢʠʭ ʪʢʘʥʷʭ ʠ ʩʧʦʥʪʘʥʥʦʛʦ 

ʢʘʥʮʝʨʦʛʝʥʝʟʘ ʫ ʞʠʚʦʪʥʳʭ ʩ 

ʥʦʢʘʫʪʥʳʤ ʛʝʥʦʤ ʙʝʣʢʘ ʨ53; 

ʥʝʦʜʥʦʟʥʘʯʥʦ ʚʣʠʷʥʠʝ ʥʘ ʨʦʩʪ 

ʢʩʝʥʦʛʨʘʬʪʦʚ ʦʧʫʭʦʣʝʡ ʠ 

ʦʪʩʫʪʩʪʚʠʝ ʜʦʩʪʘʪʦʯʥʳʭ ʜʘʥʥʳʭ ʦ 

ʚʣʠʷʥʠʠ ʥʘ ʩʧʦʥʪʘʥʥʳʡ 

ʢʘʥʮʝʨʦʛʝʥʝʟ ʫ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʞʠʚʦʪʥʳʭ ʠʟ ʣʠʥʠʡ ʙʝʟ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ 

ʀʰʝʤʠʯʝʩʢʠʝ, ʛʠʧʦʢʩʠʯʝʩʢʠʝ ʠ 

ʨʝʧʝʨʬʫʟʠʦʥʥʳʝ ʧʦʨʘʞʝʥʠʷ 

  

ʀʰʝʤʠʯʝʩʢʠʡ ʠʥʩʫʣʴʪ ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ (ʫʤʝʥʴʰʝʥʠʝ ʟʦʥʳ 

ʠʥʬʘʨʢʪʘ) 

ʀʥʬʘʨʢʪ ʤʠʦʢʘʨʜʘ  ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ 

ʀʥʬʘʨʢʪ ʧʦʯʢʠ ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ (ʩʥʠʞʝʥʠʝ ʩʤʝʨʪʥʦʩʪʠ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʚʣʠʷʥʠʷ ʥʘ 

ʧʦʢʘʟʘʪʝʣʠ ʬʫʥʢʮʠʠ ʧʦʯʝʢ) 

ʀʰʝʤʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ 

ʧʝʯʝʥʠ 

ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ  

ʀʰʝʤʠʯʝʩʢʦʝ ʧʦʚʨʝʞʜʝʥʠʝ 

ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ ʧʨʠ ʦʩʪʨʦʡ 

ʟʘʜʝʨʞʢʝ ʤʦʯʠ 

ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ 

ʵʪʦʛʦ ʦʨʛʘʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʀʟʤʝʥʝʥʠʷ, ʚʦʟʥʠʢʘʶʱʠʝ ʚ 

ʪʨʘʥʩʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʦʨʛʘʥʘʭ 

ɸʣʴʪʝʨʘʮʠʷ ʇʦʢʘʟʘʥʘ ʜʣʷ ʪʨʘʥʩʧʣʘʥʪʘʥʪʦʚ 

ʧʦʯʝʢ ʠ ʧʝʯʝʥʠ 

ɼʠʩʙʘʨʠʯʝʩʢʠʡ ʦʩʪʝʦʥʝʢʨʦʟ ɸʣʴʪʝʨʘʮʠʷ ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʂʦʥʪʨʘʢʪʫʨʘ ɼʶʧʶʠʪʨʝʥʘ ʂʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

(ʬʠʙʨʦʟ) 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ɸʨʠʪʤʠʠ ʠ ʜʨʫʛʠʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ 

ʤʠʦʢʘʨʜʘ  

ʅʘʨʫʰʝʥʠʷ ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ ʇʦʢʘʟʘʥʘ ʜʣʷ ʘʨʠʪʤʠʠ, ʚʳʟʚʘʥʥʦʡ 

ʘʜʨʝʥʘʣʠʥʦʤ ʠ ʜʣʷ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ 

ʤʠʦʢʘʨʜʘ, ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ 

ʢʦʢʘʠʥʦʤ, ʦʙʲʝʤʥʦʡ ʧʝʨʝʛʨʫʟʢʦʡ, 

ʙʘʢʪʝʨʠʘʣʴʥʳʤ ʵʥʜʦʪʦʢʩʠʥʦʤ 

ʈʝʩʧʠʨʘʪʦʨʥʳʡ ʜʠʩʪʨʝʩʩ-

ʩʠʥʜʨʦʤ ʚʟʨʦʩʣʳʭ 

ɸʣʴʪʝʨʘʮʠʷ, ʥʘʨʫʰʝʥʠʷ 

ʢʨʦʚʦʦʙʨʘʱʝʥʠʷ 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʄʝʭʘʥʠʯʝʩʢʠʝ ʪʨʘʚʤʘʪʠʯʝʩʢʠʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ʠ ʧʨʦʮʝʩʩʳ 

ʨʝʛʝʥʝʨʘʮʠʠ ʧʦʩʣʝ ʥʠʭ (ʚʢʣʶʯʘʷ 

ʜʠʩʨʝʛʝʥʝʨʘʪʦʨʥʳʝ ʧʨʦʮʝʩʩʳ, 

ʩʦʧʨʦʚʦʞʜʘʶ ʠɦʝ ʨʘʟʣʠʯʥʳʝ 

ʦʙʱʠʝ ʠ ʤʝʩʪʥʳʝ ʟʘʙʦʣʝʚʘʥʠʷ) 

ɸʣʴʪʝʨʘʮʠʷ, ʚʦʩʧʘʣʝʥʠʝ, 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʇʦʢʘʟʘʥ ʵʬʬʝʢʪ ʥʘ ʟʘʞʠʚʣʝʥʠʝ 

ʨʘʥ, ʘ ʪʘʢʞʝ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ 

ʬʫʥʢʮʠʡ ʤʦʟʛʘ ʧʦʩʣʝ 

ʤʝʭʘʥʠʯʝʩʢʦʡ ʪʨʘʚʤʳ  

 ʊʝʨʤʠʯʝʩʢʠʝ ʧʦʚʨʝʞʜʝʥʠʷ 

(ʦʞʦʛʠ ʠ ʦʙʤʦʨʦʞʝʥʠʷ) 

ɸʣʴʪʝʨʘʮʠʷ, ʚʦʩʧʘʣʝʥʠʝ, 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʅʝ ʠʩʩʣʝʜʦʚʘʥʘ 

ʈʘʜʠʘʮʠʦʥʥʳʝ ʧʦʨʘʞʝʥʠʷ (ʚ ʪʦʤ 

ʯʠʩʣʝ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʤ ʠ 

ʩʦʣʥʝʯʥʳʤ ʩʚʝʪʦʤ) 

ɸʣʴʪʝʨʘʮʠʷ, ʚʦʩʧʘʣʝʥʠʝ, 

ʢʦʤʧʝʥʩʘʪʦʨʥʦ-

ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʝ ʧʨʦʮʝʩʩʳ 

ʇʦʢʘʟʘʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʣʫʯʝʚʦʡ 

ʪʨʦʤʙʦʮʠʪʦʧʝʥʠʠ 
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ʚʳʙʨʘʥʥʳʡ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʬʬʝʢʪʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʳʭ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʙʫʩʣʦʚʣʝʥ ʢʦʤʙʠʥʘʪʦʨʠʢʦʡ ʠ 

ʧʝʨʝʙʦʨʦʤ ʩʠʪʫʘʮʠʡ, ʜʣʷ ʢʦʪʦʨʳʭ ʠʟʚʝʩʪʥʘ ʠʣʠ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʥʝʢʘʷ ʨʦʣʴ ɸʌʂ, ʘ 

ʫʯʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʠ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʚʩʝʛʦ ʧʨʝʜʳʜʫʱʝʛʦ ʦʙʟʦʨʘ, ʚ ʦʩʥʦʚʥʦʤ ʚʝʣʩʷ 

ʧʦ ʜʦʚʦʣʴʥʦ ʨʘʟʥʦʨʦʜʥʳʤ ʧʦʢʘʟʘʪʝʣʷʤ, ʯʘʩʪʦ ʦʯʝʥʴ ʦʙʱʠʤ ʠ ʥʝʩʧʝʮʠʬʠʯʥʳʤ, ʘ 

ʠʥʦʛʜʘ ʠ ʧʨʦʠʟʚʦʣʴʥʦ ʚʳʙʨʘʥʥʳʤ ʘʚʪʦʨʘʤʠ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ 

ʦ ʧʘʪʦʛʝʥʝʟʝ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʵʪʦ ʩʠʣʴʥʦ ʟʘʪʨʫʜʥʷʣʦ 

ʧʨʦʩʪʦʝ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʨʝʟʫʣʴʪʘʪʦʚ ʨʘʟʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʘʞʝ ʜʣʷ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ 

ʥʦʟʦʣʦʛʠʯʝʩʢʦʡ ʬʦʨʤʳ, ʠ ʪʝʤ ʙʦʣʝʝ ʜʝʣʘʣʦ ʥʝʚʦʟʤʦʞʥʳʤ ʢʘʢ-ʪʦ ʦʙʦʙʱʠʪʴ 

ʧʦʣʫʯʝʥʥʫʶ ʠʥʬʦʨʤʘʮʠʶ ʚʥʝ ʨʘʤʦʢ ʢʦʥʢʨʝʪʥʳʭ ʤʦʜʝʣʝʡ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʥʦʟʦʣʦʛʠʯʝʩʢʠʭ ʝʜʠʥʠʮ. ʆʜʥʠʤ ʠʟ ʚʳʭʦʜʦʚ ʙʳʣ ʙʳ ʘʥʘʣʠʟ ʵʪʠʭ ʜʘʥʥʳʭ ʩ ʪʦʯʢʠ 

ʟʨʝʥʠʷ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʶʪ ʘʥʘʣʠʟʠʨʦʚʘʪʴ ʠ 

ʵʢʩʪʨʘʧʦʣʠʨʦʚʘʪʴ ʜʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ  ʤʦʜʝʣʷʭ ʨʘʟʣʠʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ. 

ʆʜʥʘʢʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ 3, ʚ ʙʦʣʴʰʦʤ ʯʠʩʣʝ ʩʣʫʯʘʝʚ ʧʨʦʷʚʣʝʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ ʩʚʷʟʘʥʳ ʩ ʨʝʘʣʠʟʘʮʠʝʡ ʥʝʩʢʦʣʴʢʠʭ ʪʠʧʦʚ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ, ʘ, ʧʦʩʢʦʣʴʢʫ ʩʧʝʮʠʘʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʥʘ ʵʪʦ ʥʝ ʦʙʨʘʱʘʣʦʩʴ, ʪʦ ʠ ʜʘʥʥʳʝ 

ʵʪʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʜʣʷ ʥʘʟʚʘʥʥʦʛʦ ʘʥʘʣʠʟʘ ʯʘʩʪʦ ʦʢʘʟʳʚʘʶʪʩʷ ʩʦʚʝʨʰʝʥʥʦ 

ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʧʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʨʷʜ ʬʦʨʤ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʧʨʦʮʝʩʩʦʚ ʧʨʦʩʪʦ ʥʝ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ ʚ ʭʦʜʝ ʫʧʦʤʷʥʫʪʳʭ ʚʳʰʝ ʨʘʙʦʪ. ʊʘʢʠʤ 

ʦʙʨʘʟʦʤ, ʩʧʝʮʠʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ 

ʚʦʦʙʱʝ ʠ SkQ1 ʚ ʯʘʩʪʥʦʩʪʠ ʥʘ ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ 

ʥʝʦʙʭʦʜʠʤʳʭ ʵʣʝʤʝʥʪʦʚ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʙʘʟʳ, ʢʦʪʦʨʘʷ ʙʳ ʧʦʩʣʫʞʠʣʘ ʜʣʷ ʘʥʘʣʠʟʘ 

ʵʬʬʝʢʪʦʚ ʧʨʝʧʘʨʘʪʦʚ ʵʪʦʡ ʛʨʫʧʧʳ. ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʘʩʧʝʢʪʦʤ ʷʚʣʷʶʪʩʷ 

ʥʝʢʦʪʦʨʳʝ, ʧʦʢʘ ʥʝʤʥʦʛʦʯʠʩʣʝʥʥʳʝ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʳʭ ʵʬʬʝʢʪʘʭ SkQ1, 

ʥʘʧʨʷʤʫʶ ʥʝ ʩʚʷʟʘʥʥʳʭ ʩ ʝʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʘʢʪʠʚʥʦʩʪʴʶ, ʚ ʯʘʩʪʥʦʩʪʠ, ʝʛʦ 

ʚʣʠʷʥʠʝ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʨʝʮʝʧʪʦʨʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʘʢʪʠʚʘʮʠʶ ʵʥʜʦʪʝʣʠʷ ʧʨʠ 

ʚʦʩʧʘʣʝʥʠʠ. ʄʝʞʜʫ ʪʝʤ, ʢʘʢ ʨʘʟ ʜʘʥʥʳʭ ʦ ʜʝʡʩʪʚʠʠ ʵʪʦʛʦ ʩʦʝʜʠʥʝʥʠʷ ʥʘ ʨʘʟʥʳʝ 

ʪʠʧʳ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʢʨʘʡʥʝ ʤʘʣʦ, ʠ ʵʪʦ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʝʱʝ ʦʜʥʠʤ 

ʘʨʛʫʤʝʥʪʦʤ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʨʝʧʘʨʘʪʘ ʥʘ ʪʝʯʝʥʠʝ 

ʦʙʱʝʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʨʝʘʢʮʠʡ ʥʠʢʘʢ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʥʝʥʦ ʪʦʣʴʢʦ 
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ʪʝʩʪʠʨʦʚʘʥʠʝʤ ʝʛʦ ʥʘ ʧʘʪʦʣʦʛʠʷʭ, ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʝʛʦ ʦʩʥʦʚʥʳʤ ʙʠʦʭʠʤʠʯʝʩʢʠʤ 

ʜʝʡʩʪʚʠʝʤ. ʅʝ ʠʩʢʣʶʯʝʥʦ, ʯʪʦ ʠʤʝʥʥʦ ʵʪʠ ʵʬʬʝʢʪʳ ʤʦʛʫʪ ʦʢʘʟʘʪʴʩʷ ʙʦʣʝʝ 

ʚʘʞʥʳʤʠ, ʯʝʤ ʪʝ, ʢʦʪʦʨʳʝ ʦʞʠʜʘʣʠʩʴ ʦʪ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʫʙʩʪʘʥʮʠʠ ʩʦʦʙʨʘʟʥʦ ʩ 

ʠʟʥʘʯʘʣʴʥʳʤʠ ʧʨʝʜʩʪʘʚʣʝʥʠʷʤʠ ʦ ʝʝ ʜʝʡʩʪʚʠʠ ʥʘ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʩʠʩʪʝʤʳ. 

ʅʘʢʦʥʝʮ, ʚʝʱʝʩʪʚʦ, ʠʤʝʶʱʝʝ ʩʪʦʣʴ ʙʦʣʴʰʦʝ ʯʠʩʣʦ ʵʬʬʝʢʪʦʚ, ʧʦʪʝʥʮʠʘʣʴʥʦ 

ʚʘʞʥʳʭ ʜʣʷ ʢʣʠʥʠʢʠ, ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʪʝʩʪʠʨʦʚʘʥʦ ʚ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʷʭ ʙʝʟ 

ʜʘʥʥʳʭ ʦ ʚʳʟʳʚʘʝʤʳʭ ʠʤ ʚ ʨʘʟʥʳʭ ʜʦʟʘʭ ʠ ʧʨʠ ʨʘʟʥʳʭ ʧʫʪʷʭ ʚʚʝʜʝʥʠʷ 

ʪʦʢʩʠʢʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʷʭ ʚ ʦʨʛʘʥʘʭ ʠ ʪʢʘʥʷʭ. ɺʩʝ ʵʪʠ ʚʦʧʨʦʩʳ ʤʦʛʫʪ 

ʙʳʪʴ ʨʘʟʨʝʰʝʥʳ ʪʦʣʴʢʦ ʧʫʪʝʤ ʩʧʝʮʠʘʣʴʥʳʭ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. 
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ɻʃɸɺɸ 2. 

ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ 

2.1 ʀʩʧʳʪʫʝʤʳʝ ʚʝʱʝʩʪʚʘ (SkQ) 

SkQ1 (10-(6ǋ-ʧʣʘʩʪʦʭʠʥʦʥʠʣ)ʜʝʮʠʣʪʨʠʬʝʥʠʣ-ʬʦʩʬʦʥʠʡ, ʦʢʠʩʣʝʥʥʘʷ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʳ) ʠ SkQR1 (10-(6ǋ-ʧʣʘʩʪʦʭʠʥʦʥʠʣ) ʜʝʮʠʣʨʦʜʘʤʠʥ 19) ʙʳʣʠ 

ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʩʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʦʤʫ ʧʨʦʪʦʢʦʣʫ (Antonenko et al., 2008) ʚ 

ʀʥʩʪʠʪʫʪʝ ʤʠʪʦʠʥʞʝʥʝʨʠʠ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ. ɼʣʷ ʩʦʭʨʘʥʝʥʠʷ ʚʝʱʝʩʪʚʘ 

ʚ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʡ ʬʦʨʤʝ ʠ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʝʛʦ ʦʢʠʩʣʝʥʠʷ ʢʠʩʣʦʨʦʜʦʤ ʚʦʟʜʫʭʘ 

ʦʥʦ ʩʤʝʰʠʚʘʣʦʩʴ ʩ ʘʩʢʦʨʙʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 1:3. ʕʪʘ ʬʦʨʤʘ 

ʫʧʦʪʨʝʙʣʷʣʘʩʴ ʪʦʣʴʢʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʪʦʢʩʠʯʝʩʢʦʡ ʜʠʩʪʨʦʬʠʝʡ ʧʝʯʝʥʠ. 

 

2.2 ɾʠʚʦʪʥʳʝ 

ʄʳʰʠ ʣʠʥʠʠ BALB/c. ɼʣʷ ʪʝʩʪʠʨʦʚʘʥʠʷ ʚʣʠʷʥʠʷ SkQ1 ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ 

ʞʠʟʥʠ ʠ ʩʧʦʥʪʘʥʥʫʶ ʧʘʪʦʣʦʛʠʶ ʫ ʤʳʰʝʡ BALB/c ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 298 ʩʘʤʦʢ 

(ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ï 98 ʤʳʰʝʡ, ʛʨʫʧʧʘ ç1 ʥʤʦʣʴ/ʢʛ/ʩʫʪʢʠ SkQ1» - 97 ʤʳʰʝʡ, 

ʛʨʫʧʧʘ ç30 ʥʤʦʣʴ/ʢʛ/ʩʫʪʢʠ SkQ1» - 103 ʤʳʰʠ) ʠ 138 ʩʘʤʮʦʚ (ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ 

ï 43 ʤʳʰʠ, ç1 ʥʤʦʣʴ/ʢʛ/ʩʫʪʢʠ SkQ1» - 51 ʤʳʰʴ, ʛʨʫʧʧʘ ç30 ʥʤʦʣʴ/ʢʛ/ʩʫʪʢʠ SkQ1» 

- 44 ʤʳʰʠ), ʩʚʦʙʦʜʥʳʭ ʦʪ ʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʘʪʦʛʝʥʥʦʡ ʤʠʢʨʦʬʣʦʨʳ (SPF-ʩʪʘʪʫʩ, 

ʧʠʪʦʤʥʠʢ ʅʇʆ çʇʫʱʠʥʦè). ɾʠʚʦʪʥʳʭ ʩʦʜʝʨʞʘʣʠ ʚ ʫʩʣʦʚʠʷʭ SPF-ʚʠʚʘʨʠʷ 

ʀʥʩʪʠʪʫʪʘ ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ (ʀɹʍ) ʠʤ. ʄ.ʄ. ʐʝʤʷʢʠʥʘ ʠ ʖ.ɸ. 

ʆʚʯʠʥʥʠʢʦʚʘ ʈɸʅ ʜʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʛʠʙʝʣʠ. ʉʦʜʝʨʞʘʥʠʝ ʤʳʰʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ 

ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +22
o
ʉ, ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʜʠʝʪʝ, ʚʦʜʫ ʠ ʢʦʨʤ ʞʠʚʦʪʥʳʝ ʧʦʣʫʯʘʣʠ ad 

libitum. SkQ1 ʞʠʚʦʪʥʳʝ ʧʦʣʫʯʘʣʠ ʩ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠ ʚ 

ʜʦʟʘʭ 1 ʠ 30 ʥʤʦʣʴ/ʢʛ ʚ ʩʫʪʢʠ (ʢʨʦʤʝ ʪʦʛʦ, ʞʠʚʦʪʥʳʝ ʙʳʣʠ ʨʦʞʜʝʥʳ ʦʪ ʩʘʤʦʢ, 

ʧʦʣʫʯʘʚʰʠʭ ʵʪʫ ʚʦʜʫ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʛʦ ʩʨʦʢʘ ʙʝʨʝʤʝʥʥʦʩʪʠ). ɺʦʜʫ ʤʝʥʷʣʠ 

ʢʘʞʜʳʝ 3 ʜʥʷ, ʧʨʝʧʘʨʘʪ ʜʦʙʘʚʣʷʣʠ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʨʘʩʩʯʠʪʘʥʥʦʡ ʠʩʭʦʜʷ ʠʟ 

ʩʫʪʦʯʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʧʠʪʴʝʚʦʡ ʚʦʜʳ ʩ ʨʝʛʫʣʷʨʥʳʤʠ ʧʦʧʨʘʚʢʘʤʠ ʥʘ ʚʝʩ 

ʞʠʚʦʪʥʳʭ. ʕʪʦʪ ʨʝʞʠʤ ʙʳʣ ʚʳʙʨʘʥ ʥʘ ʦʩʥʦʚʘʥʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʧʨʝʧʘʨʘʪʘ ʚ ʧʠʪʴʝʚʦʡ ʚʦʜʝ, ʩʦʜʝʨʞʘʱʝʡʩʷ ʚ ʧʦʠʣʢʘʭ ʜʣʷ 
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ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ. ɺʩʝʭ ʧʘʚʰʠʭ ʤʳʰʝʡ ʧʦʜʚʝʨʛʘʣʠ ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʥʝʢʨʦʧʩʠʠ, ʦʜʥʘʢʦ, ʜʣʷ ʘʥʘʣʠʟʘ ʯʘʩʪʦʪ ʠ ʩʧʝʢʪʨʘ ʩʧʦʥʪʘʥʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ 

ʫʯʠʪʳʚʘʣʠ ʪʦʣʴʢʦ ʞʠʚʦʪʥʳʭ, ʜʦʞʠʚʰʠʭ ʜʦ ʚʨʝʤʝʥʠ ʧʦʷʚʣʝʥʠʷ ʦʧʫʭʦʣʝʡ ʠ ʪʨʫʧʳ 

ʢʦʪʦʨʳʭ ʙʳʣʠ ʜʦʩʪʘʪʦʯʥʦ ʩʦʭʨʘʥʥʳ ʜʣʷ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʡ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʡ 

ʜʠʘʛʥʦʩʪʠʢʠ. ʊʘʢʦʡ ʤʘʪʝʨʠʘʣ ʩʦʩʪʘʚʣʷʣʠ 186 ʩʘʤʦʢ ʠ 105 ʩʘʤʮʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʚ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ ʙʳʣʦ 62 ʩʘʤʢʠ ʠ 30 ʩʘʤʮʦʚ, ʚ ʛʨʫʧʧʝ ç1 ʥʤʦʣʴ/ʢʛ/ʩʫʪʢʠ 

SkQ1»  ï 59 ʩʘʤʦʢ ʠ 39 ʩʘʤʮʦʚ ʠ ʚ ʛʨʫʧʧʝ ç1 ʥʤʦʣʴ/ʢʛ/ʩʫʪʢʠ SkQ1» ï 65 ʩʘʤʦʢ ʠ 

36 ʩʘʤʮʦʚ. ɺʦ ʚʨʝʤʷ ʥʝʢʨʦʧʩʠʠ ʦʙʷʟʘʪʝʣʴʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʩʝ ʥʘʡʜʝʥʥʳʝ 

ʠʟʤʝʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʫ ʩʝʨʜʮʘ, ʧʝʯʝʥʠ, ʣʝʛʢʠʭ, ʧʦʯʝʢ, ʩʝʣʝʟʝʥʢʠ, ʤʦʟʛʘ. 

ɼʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʙʠʨʘʣʠ 

ʛʦʣʦʚʥʦʡ ʤʦʟʛ, ʩʝʨʜʮʝ, ʧʝʯʝʥʴ, ʩʝʣʝʟʝʥʢʫ, ʤʝʟʝʥʪʝʨʠʘʣʴʥʳʡ ʣʠʤʬʘʪʠʯʝʩʢʠʡ ʫʟʝʣ, 

ʦʙʝ ʧʦʯʢʠ (ʩ ʥʘʜʧʦʯʝʯʥʠʢʘʤʠ), ʬʨʘʛʤʝʥʪ ʩʨʝʜʥʝʡ ʜʦʣʠ ʧʝʯʝʥʠ, ʣʝʛʢʠʝ ʠ ʚʩʝ 

ʦʨʛʘʥʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʠʜʥʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʂʨʦʤʝ ʪʦʛʦ, ʚʦʩʝʤʴ 

ʩʧʝʮʠʘʣʴʥʳʭ ʛʨʫʧʧ ʩʘʤʦʢ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʵʚʪʘʥʘʟʠʠ  (ʠʥʛʘʣʷʮʠʝʡ CO2) ʩ 

ʮʝʣʴʶ ʧʦʣʫʯʝʥʠʷ ʘʜʝʢʚʘʪʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʜʣʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠ ʤʦʣʝʢʫʣʷʨʥʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʠʟʤʝʥʝʥʠʡ, ʚʦʟʥʠʢʘʶʱʠʭ ʧʨʠ ʨʘʟʚʠʪʠʠ ʚʦʟʨʘʩʪʥʳʭ 

ʛʠʧʝʨʪʨʦʬʠʠ ʠ ʬʠʙʨʦʟʘ ʤʠʦʢʘʨʜʘ:  

1) ʪʨʠ ʛʨʫʧʧʳ (ʢʦʥʪʨʦʣʴʥʘʷ, 1 ʥʤʦʣʴ/ʢʛ SkQ1 ʚ ʩʫʪʢʠ, 30 ʥʤʦʣʴ/ʢʛ SkQ1 ʚ ʩʫʪʢʠ), 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʚʢʣʶʯʘʣʘ ʚ ʩʝʙʷ 7 ʞʠʚʦʪʥʳʭ ʚ ʚʦʟʨʘʩʪʝ 14 ʤʝʩʷʮʝʚ ʜʣʷ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʬʠʣʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʤʠʦʢʘʨʜʝ; 

2) ʪʨʠ ʛʨʫʧʧʳ (ʢʦʥʪʨʦʣʴʥʘʷ, 1 ʥʤʦʣʴ/ʢʛ SkQ1 ʚ ʩʫʪʢʠ, 30 ʥʤʦʣʴ/ʢʛ SkQ1 ʚ ʩʫʪʢʠ), 

ʢʘʞʜʘʷ ʠʟ ʢʦʪʦʨʳʭ ʩʦʩʪʦʷʣʘ ʠʟ 14 ʠʣʠ 15 ʞʠʚʦʪʥʳʭ ʚ ʚʦʟʨʘʩʪʝ 24 ʤʝʩʷʮʝʚ, ʜʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʝʨʜʮʘ; 

3) ʜʚʝ ʛʨʫʧʧʳ ʤʦʣʦʜʳʭ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (ʚ ʚʦʟʨʘʩʪʝ 3 ʤʝʩʷʮʝʚ): ʦʜʥʘ, 

ʩʦʩʪʦʷʱʘʷ ʠʟ 7 ʤʳʰʝʡ (ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ) ʠ ʜʨʫʛʘʷ ʠʟ 15 ʤʳʰʝʡ 

(ʜʣʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʩʝʨʜʮʘ). ʋ ʚʩʝʭ ʞʠʚʦʪʥʳʭ ʥʘ ʤʦʤʝʥʪ 

ʵʚʪʘʥʘʟʠʠ ʦʪʩʫʪʩʪʚʦʚʘʣʠ ʣʶʙʳʝ ʧʨʠʟʥʘʢʠ ʠʥʬʝʢʮʠʦʥʥʳʭ ʠ ʠʥʚʘʟʠʚʥʳʭ 

ʧʦʨʘʞʝʥʠʡ.  

ʂʨʦʤʝ ʪʦʛʦ, 60 ʤʳʰʝʡ-ʩʘʤʮʦʚ ʜʚʫʭʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʠʦʙʨʝʪʝʥʥʳʭ ʚ 

ʧʠʪʦʤʥʠʢʝ ʅʇʆ çʇʫʱʠʥʦè, ʩʦʜʝʨʞʘʚʰʠʭʩʷ ʚ ʫʩʣʦʚʠʷʭ SPF-ʚʠʚʘʨʠʷ ʅʀʀ 
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ʤʠʪʦʠʥʞʝʥʝʨʠʠ ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʣʠʷʥʠʷ SkQ1 ʥʘ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʨʘʞʝʥʠʝ ʩʝʤʝʥʥʠʢʦʚ (ʩʤ. 

2.5). 

ʄʳʰʠ ʣʠʥʠʠ ʉ57BL. ʄʳʰʠ C57BL/6 ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʚʠʚʘʨʠʠ SPF-ʩʪʘʪʫʩʘ  

(Wenner-Gren Institute, Stockholm University, Stockholm). ʉʦʜʝʨʞʘʥʠʝ ʤʳʰʝʡ 

ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +22
o
ʉ, ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʜʠʝʪʝ, ʚʦʜʫ ʠ ʢʦʨʤ ʦʥʠ 

ʧʦʣʫʯʘʣʠ ad libitum. ɾʠʚʦʪʥʳʝ ʧʦʣʫʯʘʣʠ ʩ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ 1400 ʥʤʦʣʴ/ʢʛ SkQ1 ʚ 

ʩʫʪʢʠ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠ, ʥʘʯʠʥʘʷ ʩ ʚʦʟʨʘʩʪʘ 14-16 ʥʝʜʝʣʴ. 17 

ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ (9 ʩʘʤʮʦʚ ʠ 8 ʩʘʤʦʢ) ʠ 17 ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʧʨʝʧʘʨʘʪ (7 

ʩʘʤʮʦʚ ʠ 10 ʩʘʤʦʢ) ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʵʚʪʘʥʘʟʠʠ (ʠʥʛʘʣʷʮʠʝʡ CO2)  ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʵʪʠʯʝʩʢʠʤʠ ʪʨʝʙʦʚʘʥʠʷʤʠ ʧʦ ʧʨʠʯʠʥʝ ʪʷʞʝʣʦʛʦ ʤʦʨʙʠʜʥʦʛʦ 

ʩʪʘʪʫʩʘ (ʩʦʛʣʘʩʥʦ ʟʘʢʣʶʯʝʥʠʶ ʚʝʪʝʨʠʥʘʨʥʦʛʦ ʚʨʘʯʘ) ʠ ʧʦʜʚʝʨʛʥʫʪʳ ʥʝʢʨʦʧʩʠʠ ʠ 

ʛʠʩʪʦʧʘʪʦʣʦʛʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ. ɺʦ ʚʨʝʤʷ ʥʝʢʨʦʧʩʠʠ ʦʙʷʟʘʪʝʣʴʥʦ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʩʝ ʥʘʡʜʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ. ɼʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʙʠʨʘʣʠ ʛʦʣʦʚʥʦʡ ʤʦʟʛ, ʩʝʨʜʮʝ, ʧʝʯʝʥʴ, ʩʝʣʝʟʝʥʢʫ, 

ʤʝʟʝʥʪʝʨʠʘʣʴʥʳʡ ʣʠʤʬʘʪʠʯʝʩʢʠʡ ʫʟʝʣ, ʦʙʝ ʧʦʯʢʠ (ʩ ʥʘʜʧʦʯʝʯʥʠʢʘʤʠ), 

ʧʦʜʞʝʣʫʜʦʯʥʫʶ ʞʝʣʝʟʫ, ʠʢʨʦʥʦʞʥʫʶ ʤʳʰʮʫ, ʧʦʣʦʚʳʝ ʦʨʛʘʥʳ, ʢʦʞʫ, ʞʝʣʫʜʦʢ, 

ʪʦʥʢʠʡ ʠ ʪʦʣʩʪʳʡ ʢʠʰʝʯʥʠʢ, ʬʨʘʛʤʝʥʪ ʩʨʝʜʥʝʡ ʜʦʣʠ ʧʝʯʝʥʠ, ʣʝʛʢʠʝ ʠ ʚʩʝ ʦʨʛʘʥʳ, 

ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʠʜʥʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. ʇʦʤʠʤʦ ʵʪʦʛʦ, ʤʳʰʠ-ʩʘʤʢʠ 

ʜʘʥʥʦʡ ʣʠʥʠʠ ʯʠʩʣʦʤ 91, ʪʨʝʭʤʝʩʷʯʥʦʛʦ ʚʦʟʨʘʩʪʘ, ʧʨʠʦʙʨʝʪʝʥʥʳʝ ʚ ʧʠʪʦʤʥʠʢʝ 

ʅʇʆ çʇʫʱʠʥʦè, ʩʦʜʝʨʞʘʚʰʠʝʩʷ ʚ ʫʩʣʦʚʠʷʭ SPF-ʚʠʚʘʨʠʷ ʅʀʀ ʤʠʪʦʠʥʞʝʥʝʨʠʠ 

ʄɻʋ ʠʤ. ʄ.ɺ. ʃʦʤʦʥʦʩʦʚʘ, ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʚʣʠʷʥʠʷ SkQ1 ʥʘ ʦʩʪʨʫʶ ʪʦʢʩʠʯʝʩʢʫʶ ʜʠʩʪʨʦʬʠʶ ʧʝʯʝʥʠ (ʩʤ. 2.5). 

ʄʳʰʠ-ʛʠʙʨʠʜʳ F1(CBAxC57Bl/6). ʀʟʫʯʝʥʠʝ ʚʣʠʷʥʠʷ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ 

SkQ1 ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʪʢʘʥʝʡ ʚ ʨʘʥʝ ʢʦʞʠ ʫ ʩʪʘʨʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʥʘ 

ʩʘʤʢʘʭ ʛʠʙʨʠʜʦʚ F1(CBAxC57Bl/6) (34 ʦʩʦʙʠ). ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʚ ʥʝ-SPF-

ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ ʄɻʋ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʛʨʫʧʧʘ (10 ʞʠʚʦʪʥʳʭ) ʩʦʩʪʦʷʣʘ ʠʟ 

ʤʳʰʝʡ, ʠʤʝʶʱʠʭ ʚʦʟʨʘʩʪ 2 ʛʦʜʘ (24 ʤʝʩʷʮʘ), ʧʦʣʫʯʘʚʰʠʭ ʜʣʷ ʧʠʪʴʷ ʚʦʜʫ, 

ʩʦʜʝʨʞʘʚʰʫʶ SkQ1. ʀʩʧʳʪʫʝʤʦʝ ʚʝʱʝʩʪʚʦ ʚʚʦʜʠʣʠ ʤʳʰʘʤ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʠʤʠ 

ʚʦʟʨʘʩʪʘ 16 ʤʝʩʷʮʝʚ ʠ ʜʦ ʦʢʦʥʯʘʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʈʘʩʯʝʪʥʘʷ ʜʦʟʘ ʧʦʣʫʯʘʝʤʦʛʦ ʩ 
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ʚʦʜʦʡ ʠʩʧʳʪʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʣʘ 100 ʥʤʦʣʴ/ʢʛ ʚ ʩʫʪʢʠ. ʂʦʥʪʨʦʣʴʥʘʷ 

ʛʨʫʧʧʘ ʤʳʰʝʡ (12 ʦʩʦʙʝʡ) ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʞʠʚʦʪʥʳʭ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ, 

ʢʦʪʦʨʳʤ SkQ1 ʥʝ ʚʚʦʜʠʣʩʷ. ɽʱʝ ʦʜʥʘ ʛʨʫʧʧʘ ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʤʦʣʦʜʳʤʠ 

ʤʳʰʘʤʠ (ʚʦʟʨʘʩʪ - 6 ʤʝʩʷʮʝʚ), ʥʝ ʧʦʣʫʯʘʚʰʠʤʠ ʧʨʝʧʘʨʘʪ. ɺʩʝ ʞʠʚʦʪʥʳʝ 

ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʥʘʥʝʩʝʥʠʝʤ ʨʘʥ ʢʦʞʠ.  

ʄʳʰʠ ʣʠʥʠʠ C57BLKS-Leprdb/J (db/db). ʊʝʩʪʠʨʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʧʝʨʦʨʘʣʴʥʦʛʦ 

ʚʚʝʜʝʥʠʷ SkQ1 ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ ʧʦʚʨʝʞʜʝʥʥʳʭ ʪʢʘʥʝʡ ʢʦʞʠ ʧʨʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ ʩʘʭʘʨʥʦʤ ʜʠʘʙʝʪʝ (II  ʪʠʧʘ) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʥʘ ʩʘʤʮʘʭ 

C57BLKS-Leprdb/J (db/db) (22 ʤʳʰʠ). ʕʪʠ ʤʳʰʠ ʠʤʝʶʪ ʚ ʛʝʥʦʤʝ ʨʝʮʝʩʩʠʚʥʫʶ 

ʤʫʪʘʮʠʶ ʚ ʛʝʥʝ ʨʝʮʝʧʪʦʨʘ ʣʝʧʪʠʥʘ  (db), ʩʣʝʜʩʪʚʠʝʤ ʯʝʛʦ ʩʣʫʞʘʪ ʚʦʟʥʠʢʘʶʱʠʝ ʫ 

ʥʠʭ ʪʷʞʝʣʳʝ ʥʘʨʫʰʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʫʛʣʝʚʦʜʦʚ ʠ ʞʠʨʦʚ. ʋ ʛʦʤʦʟʠʛʦʪ (db/db) ʫʞʝ 

ʥʘ ʧʷʪʦʡ ʥʝʜʝʣʝ ʞʠʟʥʠ ʥʘʙʣʶʜʘʝʪʩʷ ʩʘʤʦʧʨʦʠʟʚʦʣʴʥʦʝ ʨʘʟʚʠʪʠʝ ʦʞʠʨʝʥʠʷ, 

ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʠ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ  ʠʟʤʝʥʝʥʠʡ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʩʘʭʘʨʥʦʤʫ 

ʜʠʘʙʝʪʫ II ʪʠʧʘ. ɻʝʪʝʨʦʟʠʛʦʪʥʳʝ ʞʠʚʦʪʥʳʝ (db/+) ʧʦʜʦʙʥʳʭ ʥʘʨʫʰʝʥʠʡ ʥʝ ʠʤʝʶʪ 

[Srinivasan, Ramaro, 2007]. ʕʢʩʧʝʨʠʤʝʥʪ ʙʳʣ ʦʩʫʱʝʩʪʚʣʝʥ ʚ ʥʝ-SPF-ʫʩʣʦʚʠʷʭ 

ʚʠʚʘʨʠʷ ʄɻʋ. ʆʧʳʪʥʘʷ ʛʨʫʧʧʘ (8 ʦʩʦʙʝʡ) ʩʦʩʪʦʷʣʘ ʠʟ ʤʫʪʘʥʪʥʳʭ ʛʦʤʦʟʠʛʦʪ 

(db/db), ʠʤʝʶʱʠʭ ʚʦʟʨʘʩʪ 21 ʥʝʜʝʣʶ. ʀʩʧʳʪʫʝʤʦʝ ʚʝʱʝʩʪʚʦ ʥʘʯʠʥʘʣʠ ʚʚʦʜʠʪʴ 

ʤʳʰʘʤ ʧʦ ʜʦʩʪʠʞʝʥʠʠ ʠʤʠ ʚʦʟʨʘʩʪʘ 10 ʥʝʜʝʣʴ ʠ ʧʨʦʜʦʣʞʘʣʠ ʚʚʝʜʝʥʠʝ ʜʦ 

ʟʘʚʝʨʰʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ: ʞʠʚʦʪʥʳʤ ʦʜʠʥ ʨʘʟ ʚ ʩʫʪʢʠ ʚʚʦʜʠʣʠ ʚ ʨʦʪʦʚʫʶ ʧʦʣʦʩʪʴ 

SkQ1 ʚ ʚʠʜʝ ʨʘʩʪʚʦʨʘ ʚ 20% ʛʣʠʮʝʨʠʥʝ. ɺʚʦʜʠʤʳʡ ʦʙʲʝʤ ʨʘʩʪʚʦʨʘ ʩʦʦʪʚʝʪʩʪʚʦʚʘʣ 

ʩʫʪʦʯʥʦʡ ʜʦʟʝ ʠʩʧʳʪʫʝʤʦʛʦ ʚʝʱʝʩʪʚʘ 250 ʥʤʦʣʴ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ. ʂʦʥʪʨʦʣʴʥʘʷ 

ʛʨʫʧʧʘ (9 ʤʳʰʝʡ) ʙʳʣʘ ʩʦʩʪʘʚʣʝʥʘ ʠʟ ʛʦʤʦʟʠʛʦʪʥʳʭ ʤʫʪʘʥʪʥʳʭ ʦʩʦʙʝʡ (db/db), 

ʢʦʪʦʨʳʤ ʚʚʦʜʠʣʠ ʛʣʠʮʝʨʠʥ ʙʝʟ SkQ1 ʚ ʪʘʢʦʤ ʞʝ ʦʙʲʝʤʝ, ʯʪʦ ʠ ʤʳʰʘʤ ʠʟ ʦʧʳʪʥʦʡ 

ʛʨʫʧʧʳ. ɽʱʝ ʦʜʥʘ ʛʨʫʧʧʘ (5 ʦʩʦʙʝʡ) ʙʳʣʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʝʪʝʨʦʟʠʛʦʪʥʳʤʠ ʤʳʰʘʤʠ 

(db/+), ʪʘʢʞʝ ʧʦʣʫʯʘʚʰʠʤʠ ʪʦʣʴʢʦ ʛʣʠʮʝʨʠʥ. ɺʩʝ ʞʠʚʦʪʥʳʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʥʘʥʝʩʝʥʠʝʤ ʨʘʥ ʢʦʞʠ.  

SOD1-ʪʨʘʥʩʛʝʥʥʳʝ ʤʳʰʠ B6SJL-Tg(SOD1-G93A)dl1Gur/J. ɾʠʚʦʪʥʳʭ ʩʦʜʝʨʞʘʣʠ 

ʚ ʫʩʣʦʚʠʷʭ SPF-ʚʠʚʘʨʠʷ ʀʥʩʪʠʪʫʪʘ ʤʠʪʦʠʥʞʝʥʝʨʠʠ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ ʜʦ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʛʠʙʝʣʠ. ʉʦʜʝʨʞʘʥʠʝ ʤʳʰʝʡ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ +22
o
ʉ, 

ʥʘ ʩʪʘʥʜʘʨʪʥʦʡ ʜʠʝʪʝ, ʚʦʜʫ ʠ ʢʦʨʤ ʞʠʚʦʪʥʳʝ ʧʦʣʫʯʘʣʠ ad libitum. ʀʟ ʥʠʭ ʙʳʣʠ 
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ʩʬʦʨʤʠʨʦʚʘʥʳ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ: 1) ʢʦʥʪʨʦʣʴ (12 ʩʘʤʮʦʚ+10 ʩʘʤʦʢ); 2) ʤʳʰʠ 

(10 ʩʘʤʮʦʚ +10 ʩʘʤʦʢ), ʧʦʣʫʯʘʚʰʠʝ SkQ1 ʚ ʜʦʟʝ 50 ʥʤʦʣʴ/ʢʛ ʩ ʚʦʟʨʘʩʪʘ 140 ʩʫʪʦʢ 

ʚ ʚʦʜʝ ʜʣʷ ʧʠʪʴʷ; 3) ʤʳʰʠ (10 ʩʘʤʮʦʚ+10 ʩʘʤʦʢ), ʧʦʣʫʯʘʚʰʠʝ SkQ1ʚ ʜʦʟʝ 250 

ʥʤʦʣʴ/ʢʛ ʩ ʚʦʟʨʘʩʪʘ 140 ʩʫʪʦʢ ʚ ʚʦʜʝ ʜʣʷ ʧʠʪʴʷ; 4) ʤʳʰʠ (12 ʩʘʤʮʦʚ+10 ʩʘʤʦʢ), 

ʧʦʣʫʯʘʚʰʠʝ SkQ1 ʚ ʜʦʟʝ 1250 ʥʤʦʣʴ/ʢʛ ʩ ʚʦʟʨʘʩʪʘ 140 ʩʫʪʦʢ ʚ ʚʦʜʝ ʜʣʷ ʧʠʪʴʷ. 

ɾʠʚʦʪʥʳʭ ʩʦʜʝʨʞʘʣʠ ʜʦ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʛʠʙʝʣʠ. ɺʦ ʚʨʝʤʷ ʥʝʢʨʦʧʩʠʠ 

ʦʙʷʟʘʪʝʣʴʥʦ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʩʝ ʥʘʡʜʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʠ ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʫ 

ʩʪʘʥʜʘʨʪʥʦʛʦ ʥʘʙʦʨʘ ʦʨʛʘʥʦʚ (ʩʝʨʜʮʘ, ʧʝʯʝʥʠ, ʣʝʛʢʠʭ, ʧʦʯʝʢ, ʩʝʣʝʟʝʥʢʠ, ʤʦʟʛʘ). 

ɼʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʦʙʷʟʘʪʝʣʴʥʦ ʟʘʙʠʨʘʣʠ 

ʛʦʣʦʚʥʦʡ ʤʦʟʛ, ʩʝʨʜʮʝ, ʧʝʯʝʥʴ, ʩʝʣʝʟʝʥʢʫ, ʤʝʟʝʥʪʝʨʠʘʣʴʥʳʡ ʣʠʤʬʘʪʠʯʝʩʢʠʡ ʫʟʝʣ, 

ʦʙʝ ʧʦʯʢʠ (ʩ ʥʘʜʧʦʯʝʯʥʠʢʘʤʠ), ʬʨʘʛʤʝʥʪ ʩʨʝʜʥʝʡ ʜʦʣʠ ʧʝʯʝʥʠ, ʣʝʛʢʠʝ ʠ ʚʩʝ 

ʦʨʛʘʥʳ, ʚ ʢʦʪʦʨʳʭ ʙʳʣʠ ʚʠʜʥʳ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ. 

ɸʫʪʙʨʝʜʥʳʝ ʢʨʳʩʳ ɺʠʩʪʘʨ. ʈʘʙʦʪʘ ʧʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ʚʦʟʤʦʞʥʳʭ 

ʪʦʢʩʠʢʦʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʙʦʣʴʰʠʭ ʜʦʟ SkQ1 

ʚʳʧʦʣʥʝʥʘ ʥʘ ʢʨʳʩʘʭ ʩʪʦʢʘ ɺʠʩʪʘʨ ʦʙʦʝʛʦ ʧʦʣʘ SPF-ʢʘʪʝʛʦʨʠʠ, ʦʙʱʠʤ ʯʠʩʣʦʤ 

145 ʛʦʣʦʚ, ʠʟ ʥʠʭ ʩʘʤʮʦʚ ï 73, ʩʘʤʦʢ - 72.  ʊʦʢʩʠʯʥʦʩʪʴ ʧʨʝʧʘʨʘʪʘ ʧʨʠ 

ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ ʙʳʣʘ ʠʟʫʯʝʥʘ ʥʘ 67 ʩʘʤʮʘʭ. ɺʦʟʨʘʩʪ ʞʠʚʦʪʥʳʭ ʚ ʥʘʯʘʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʩʦʩʪʘʚʣʷʣ 6-7 ʥʝʜʝʣʴ ʜʣʷ ʩʘʤʦʢ ʠ 7-8 ï ʜʣʷ ʩʘʤʮʦʚ. ʂʨʳʩʳ ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʠʟ ʧʠʪʦʤʥʠʢʘ ʅʇʆ "ʇʫʱʠʥʦ". ʂʨʳʩ ʩʦʜʝʨʞʘʣʠ ʛʨʫʧʧʘʤʠ (3-6 ʦʩʦʙʝʡ) 

ʦʜʥʦʨʦʜʥʳʤʠ ʧʦ ʧʦʣʫ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 20-23
ʦ
ʉ ʠ ʚʣʘʞʥʦʩʪʠ 35-75%. ɾʠʚʦʪʥʳʝ 

ʠʤʝʣʠ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʩʪʝʨʠʣʠʟʦʚʘʥʥʦʤʫ ʩʪʘʥʜʘʨʪʥʦʤʫ ʢʦʤʙʠʢʦʨʤʫ 

(ɸʩʦʨʪʠʤʝʥʪ-ɸɻʈʆ, ʈʦʩʩʠʷ) ʠ ʩʪʝʨʠʣʴʥʦʡ ʘʧʠʨʦʛʝʥʥʦʡ ʚʦʜʝ. ʉʚʝʪʦʚʦʡ ʜʝʥʴ 

ʜʣʠʣʩʷ 12 ʯʘʩʦʚ (ʚʢʣʶʯʝʥʠʝ ʩʚʝʪʘ ʚ 9:00). ɼʣʠʪʝʣʴʥʦʩʪʴ ʘʜʘʧʪʘʮʠʠ ʞʠʚʦʪʥʳʭ 

ʧʦʩʣʝ ʧʦʣʫʯʝʥʠʷ ʠʭ ʧʠʪʦʤʥʠʢʘ ʩʦʩʪʘʚʣʷʣʘ ʥʝ ʤʝʥʝʝ 7 ʩʫʪʦʢ. ɼʣʷ ʵʢʩʧʝʨʠʤʝʥʪʘ ʩ 

ʠʥʜʫʢʮʠʝʡ ʨʝʚʤʘʪʦʠʜʥʦʛʦ ʘʨʪʨʠʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 75 ʩʘʤʦʢ ʚ ʚʦʟʨʘʩʪʝ 5-6 ʥʝʜʝʣʴ, ʚ 

ʦʧʳʪʝ ʩ ʘʨʛʠʥʠʥ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʤ ʧʘʥʢʨʝʘʪʠʪʦʤ ʙʳʣʦ 39 ʩʘʤʦʢ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ 

(ʩʤ. 2.6). ʉʣʝʟʥʳʝ ʞʝʣʝʟʳ ʦʪ 17 ʩʘʤʦʢ  (7 ʢʦʥʪʨʦʣʴʥʳʭ ʠ 10 ï ʧʦʣʫʯʘʚʰʠʭ 250 

ʥʤʦʣʴ/ʢʛ ʚ ʩʫʪʢʠ SkQ1 ʩ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ) ʚ ʚʦʟʨʘʩʪʝ 18 ʤʝʩʷʮʝʚ, 

ʵʚʪʘʥʘʟʠʨʦʚʘʥʥʳʭ ʠʥʛʘʣʷʮʠʝʡ CO2, ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ ʩ ʮʝʣʴʶ 

ʚʝʨʠʬʠʢʘʮʠʠ ʚ ʥʠʭ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ. ʇʦʤʠʤʦ ʵʪʦʛʦ, 45 ʢʨʳʩ ʠʟ 
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ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʦʛʦ ʚʠʚʘʨʠʷ ʅʀʀ ʌʍɹ ʠʤ. ɸ.ʅ.ɹʝʣʦʟʝʨʩʢʦʛʦ ʄɻʋ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʩ ʠʥʜʫʢʮʠʝʡ ʦʩʪʨʦʛʦ ʧʠʝʣʦʥʝʬʨʠʪʘ (ʩʤ.2.6). 

ʍʦʤʷʯʢʠ ʂʵʤʧʙʝʣʣʘ (Phodopus campbelli, Thomas, 1905, Rodentia, Cricetidae). 

ʍʦʤʷʯʢʦʚ ʩʦʜʝʨʞʘʣʠ ʩ ʫʯʝʪʦʤ ʫʩʣʦʚʠʡ ʞʠʟʥʠ ʵʪʠʭ ʟʚʝʨʴʢʦʚ ʚ ʧʨʠʨʦʜʝ. ɾʠʚʦʪʥʳʝ 

ʞʠʣʠ ʢʨʫʛʣʳʡ ʛʦʜ ʥʘ ʫʣʠʮʝ ʚ ʩʧʝʮʠʘʣʴʥʦ ʚʳʩʪʨʦʝʥʥʦʤ ʧʦʤʝʱʝʥʠʠ ʠʟ 

ʤʝʪʘʣʣʠʯʝʩʢʦʡ ʩʝʪʢʠ ʧʦʜ ʢʨʳʰʝʡ. ʇʘʨʳ (ʩʘʤʢʘ ʠ ʩʘʤʝʮ) ʩʦʜʝʨʞʘʣʠʩʴ ʚ 

ʧʨʦʩʪʦʨʥʳʭ ʧʣʘʩʪʠʢʦʚʳʭ ʩʘʜʢʘʭ 70ʭ40ʭ40 ʩʤ ʩ ʟʘʤʝʥʷʝʤʦʡ ʧʦʜʩʪʠʣʢʦʡ. 

ʆʩʚʝʱʝʥʠʝ - ʝʩʪʝʩʪʚʝʥʥʳʡ ʩʚʝʪʦʚʦʡ ʜʝʥʴ. ʊʝʤʧʝʨʘʪʫʨʘ, ʚʣʘʞʥʦʩʪʴ ï ʫʣʠʯʥʳʝ 

ʫʩʣʦʚʠʷ ʚ ʪʝʯʝʥʠʝ ʢʨʫʛʣʦʛʦ ʛʦʜʘ. ɼʣʷ ʦʧʳʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʞʠʚʦʪʥʳʭ ʤʘʩʩʦʡ 30-40 

ʛ, ʩ ʤʦʤʝʥʪʘ, ʢʦʛʜʘ ʦʥʠ ʩʧʦʩʦʙʥʳ ʧʠʪʘʪʴʩʷ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ. ʇʨʝʧʘʨʘʪ ʚ ʜʦʟʘʭ 5 ʠ 

50 ʥʤʦʣʴ/ʢʛ ʚ ʩʫʪʢʠ  ʣʝʪʦʤ ʜʘʚʘʣʩʷ ʩ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ, ʘ ʚ ʭʦʣʦʜʥʦʝ ʚʨʝʤʷ ʛʦʜʘ ï 

ʢʘʧʣʷʤʠ  per os. ɺ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʛʠʙʝʣʠ ʚʳʧʦʣʥʷʣʘʩʴ ʥʝʢʨʦʧʩʠʷ ʩ ʨʝʛʠʩʪʨʘʮʠʝʡ ʚ 

ʧʨʦʪʦʢʦʣʝ ʚʩʝʭ ʥʘʡʜʝʥʥʳʭ ʠʟʤʝʥʝʥʠʡ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʨʫʧʦʚ ʩ ʜʘʣʝʢʦ 

ʟʘʰʝʜʰʠʤʠ ʛʥʠʣʦʩʪʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʧʨʦʠʟʚʦʜʠʣʦʩʴ ʚʟʚʝʰʠʚʘʥʠʝ ʪʝʣʘ ʠ 

ʠʟʤʝʨʝʥʠʝ ʦʧʫʭʦʣʝʡ ʚ ʪʨʝʭ ʧʨʦʝʢʮʠʷʭ. ɺʩʝʛʦ ʙʳʣʦ ʚʩʢʨʳʪʦ 111 ʩʘʤʦʢ ʠ 42 ʩʘʤʮʘ, 

ʠʟ ʢʦʪʦʨʳʭ 105 ʩʘʤʦʢ ʠ 36 ʩʘʤʮʦʚ ʩʦʩʪʘʚʣʷʣʠ ʞʠʚʦʪʥʳʝ, ʜʦʞʠʚʰʠʝ ʜʦ ʧʦʷʚʣʝʥʠʷ 

ʧʝʨʚʳʭ ʦʧʫʭʦʣʝʡ. ɻʠʩʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʦʨʛʘʥʦʚ (ʢʨʦʤʝ ʦʧʫʭʦʣʝʡ, 

ʧʦʜʣʝʞʘʚʰʠʭ ʦʙʷʟʘʪʝʣʴʥʦʤʫ ʘʥʘʣʠʟʫ) ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʪʦʣʴʢʦ ʜʣʷ 20 

ʢʦʥʪʨʦʣʴʥʳʭ ʩʘʤʦʢ ʠ ʜʣʷ 45 ʩʘʤʦʢ, ʧʦʣʫʯʘʚʰʠʭ SkQ1 (ʫ ʩʘʤʮʦʚ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠ 

ʚʝʨʠʬʠʮʠʨʦʚʘʣʠ ʪʦʣʴʢʦ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚʠʜʠʤʳʝ ʦʧʫʭʦʣʠ); ʦʙʷʟʘʪʝʣʴʥʳʤʠ 

ʦʙʲʝʢʪʘʤʠ ʝʛʦ ʙʳʣʠ ʩʝʨʜʮʝ, ʣʝʛʢʠʝ, ʧʝʯʝʥʴ, ʧʦʯʢʠ, ʩʝʣʝʟʝʥʢʘ, ʞʝʣʫʜʦʢ, ʘ ʪʘʢʞʝ 

ʪʢʘʥʠ ʩ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚʠʜʠʤʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ; ʚ ʯʘʩʪʠ ʩʣʫʯʘʝʚ, ʧʨʠ 

ʩʦʭʨʘʥʥʦʩʪʠ ʵʪʠʭ ʦʨʛʘʥʦʚ, ʟʘʙʠʨʘʣʠ ʪʘʢʞʝ ʢʫʩʦʯʢʠ ʨʘʟʥʳʭ ʦʪʜʝʣʦʚ ʞʝʣʫʜʦʯʥʦ-

ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, ʛʦʣʦʚʥʦʡ ʤʦʟʛ, ʥʘʜʧʦʯʝʯʥʠʢʠ, ʧʦʣʦʚʳʝ ʦʨʛʘʥʳ, ʦʙʨʘʟʮʳ ʢʦʞʠ 

ʠ ʤʳʰʮ.  

ʆʙʳʢʥʦʚʝʥʥʳʝ ʩʣʝʧʫʰʦʥʢʠ (Ellobius talpinus, Pallas). ɺ ʵʢʩʧʝʨʠʤʝʥʪʝ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʙʳʢʥʦʚʝʥʥʳʝ ʩʣʝʧʫʰʦʥʢʠ (Ellobius talpinus), ʦʪʣʦʚʣʝʥʥʳʝ ʚ 

ʀʩʢʠʪʠʤʩʢʦʤ ʨʘʡʦʥʝ ʅʦʚʦʩʠʙʠʨʩʢʦʡ ʦʙʣʘʩʪʠ. ɾʠʚʦʪʥʳʭ (ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ, ʤʘʩʩʦʡ 

45-50ʛ.) ʩʦʜʝʨʞʘʣʠ ʚ ʢʦʥʚʝʥʮʠʦʥʘʣʴʥʦʤ ʚʠʚʘʨʠʠ ʀʥʩʪʠʪʫʪʘ ʩʠʩʪʝʤʘʪʠʢʠ ʠ 

ʵʢʦʣʦʛʠʠ ʞʠʚʦʪʥʳʭ ʉʆ ʈɸʅ ʛʨʫʧʧʘʤʠ (çʩʝʤʴʷʤʠ) ʧʦ 3-5 ʦʩʦʙʝʡ ʚ ʫʩʣʦʚʠʷʭ, 
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ʙʣʠʟʢʠʭ ʢ ʝʩʪʝʩʪʚʝʥʥʳʤ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩʚʝʪʦʚʦʡ ʠ ʪʝʤʧʝʨʘʪʫʨʥʳʡ ʨʝʞʠʤʳ ʤʝʥʷʣʠ 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʭ ʩʝʟʦʥʥʳʤʠ ʨʠʪʤʘʤʠ (ʘʧʨʝʣʴ-ʥʦʷʙʨʴ: 15-20°C, 16 ʯ. 

ʦʩʚʝʱʝʥʠʝ, 8 ʯ. ʪʝʤʥʦʪʘ; ʥʦʷʙʨʴ-ʘʧʨʝʣʴ: 10-15°C, 24 ʯ. ʪʝʤʥʦʪʘ). ɺ ʢʘʯʝʩʪʚʝ ʧʠʱʠ 

ʧʨʝʜʣʘʛʘʣʠ ʤʦʨʢʦʚʴ (ad libitum) ʠ ʛʨʘʥʫʣʳ ʢʦʨʤʘ  ʜʣʷ ʤʳʰʝʡ (ʃʘʙʦʨʘʪʦʨʩʥʘʙ, 

ʈʦʩʩʠʷ) ʠʟ ʨʘʩʯʝʪʘ 2 ʛʨʘʥʫʣʳ ʥʘ ʦʩʦʙʴ ʚ ʜʝʥʴ. ʀʟ ʦʪʣʦʚʣʝʥʥʳʭ ʚ ʧʨʠʨʦʜʝ 

ʞʠʚʦʪʥʳʭ ʠ ʨʦʜʠʚʰʠʭʩʷ ʚ ʚʠʚʘʨʠʠ ʠʭ ʧʦʪʦʤʢʦʚ ʙʳʣʠ ʩʣʫʯʘʡʥʳʤ ʦʙʨʘʟʦʤ 

ʩʬʦʨʤʠʨʦʚʘʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʠ ʢʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʳ. ʆʧʳʪʥʘʷ ʛʨʫʧʧʘ 

ʧʦʣʫʯʘʣʘ ʩ ʧʠʱʝʡ (ʛʨʘʥʫʣʘʤʠ) SkQ1 ʠʟ ʨʘʩʯʝʪʘ 50 ʥʤʦʣʴ/ʢʛ/ʩʫʪʢʠ. ʂʦʥʪʨʦʣʴʥʘʷ 

ʛʨʫʧʧʘ ʧʦʣʫʯʘʣʘ ʧʠʱʫ ʙʝʟ ʧʨʝʧʘʨʘʪʘ. ɺʩʝ ʟʚʝʨʴʢʠ ʞʠʣʠ ʜʦ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ 

ʛʠʙʝʣʠ. ɺʦʟʨʘʩʪ ʞʠʚʦʪʥʳʭ, ʨʦʞʜʝʥʥʳʭ ʚ ʧʨʠʨʦʜʝ, ʦʧʨʝʜʝʣʷʣʠ post mortem ʧʦ 

ʜʣʠʥʝ ʢʦʨʥʷ ʚʪʦʨʦʛʦ ʤʦʣʷʨʘ, ʩʨʘʚʥʠʚʘʷ ʝʛʦ ʩ ʢʘʣʠʙʨʦʚʦʯʥʳʤʠ ʜʘʥʥʳʤʠ 

[ɽʚʜʦʢʠʤʦʚ, 2001]. ʊʨʫʧʳ ʧʘʚʰʠʭ ʞʠʚʦʪʥʳʭ ʙʝʟ ʧʨʠʟʥʘʢʦʚ ʚʳʨʘʞʝʥʥʦʛʦ 

ʘʫʪʦʣʠʟʘ ʧʦʜʚʝʨʛʘʣʠ ʥʝʢʨʦʧʩʠʠ. ɺʩʝʛʦ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ 96 ʧʦʛʠʙʰʠʭ ʞʠʚʦʪʥʳʭ. 

ɼʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʚ ʢʘʞʜʦʤ ʩʣʫʯʘʝ ʟʘʙʠʨʘʣʠ ʩʝʨʜʮʝ, ʣʝʛʢʠʝ, ʧʝʯʝʥʴ, 

ʧʦʯʢʠ, ʩʝʣʝʟʝʥʢʫ, ʛʦʥʘʜʳ, ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʦʙʲʝʤʥʳʝ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʚʩʝ ʦʨʛʘʥʳ, ʚ 

ʢʦʪʦʨʳʭ ʚʳʷʚʣʷʣʠʩʴ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ ʚʠʜʠʤʳʝ ʧʦʨʘʞʝʥʠʷ.  

 

2.3 ʊʦʢʩʠʢʦʧʘʪʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʦʩʪʨʦʡ ʪʦʢʩʠʯʥʦʩʪʠ SkQ1 ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ. ʈʘʙʦʪʘ 

ʚʳʧʦʣʥʝʥʘ ʥʘ ʩʘʤʮʘʭ ʙʝʣʳʭ ʢʨʳʩ ʣʠʥʠʠ ɺʠʩʪʘʨ ʤʘʩʩʦʡ 265Ñ3,4 ʛ ʚ ʥʘʯʘʣʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘ. ɾʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʫʩʣʦʚʠʷʭ ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʠ 

ʠʤʝʣʠ ʩʚʦʙʦʜʥʳʡ ʜʦʩʪʫʧ ʢ ʧʠʱʝ ʠ ʚʦʜʝ. ʇʝʨʝʜ ʥʘʯʘʣʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘ ʟʘ 

ʞʠʚʦʪʥʳʤʠ ʥʘʙʣʶʜʘʣʠ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ. ʂʨʳʩʳ, ʦʙʱʠʤ ʯʠʩʣʦʤ 67, ʙʳʣʠ 

ʨʘʟʙʠʪʳ ʥʘ 7 ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ: ʢʦʥʪʨʦʣʴʥʫʶ, ʧʦʣʫʯʘʚʰʫʶ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ (0,9% NaCl) ʠʣʠ ʨʘʩʪʚʦʨ SkQ1 ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ 

ʨʘʩʪʚʦʨʝ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ. ɺʚʦʜʠʤʳʝ ʜʦʟʳ ʩʦʩʪʘʚʣʷʣʠ 1, 5, 7,5, 10, 

15 ʠ 30 ʤʛ/ʢʛ. ʈʘʩʪʚʦʨʳ ʛʦʪʦʚʠʣʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦʙʳ ʦʙʲʝʤ ʚʚʦʜʠʤʦʡ 

ʞʠʜʢʦʩʪʠ ʩʦʩʪʘʚʣʷʣ 2 ʤʣ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʜʦʟʳ 30 ʤʛ/ʢʛ, ʛʜʝ ʦʙʲʝʤ 

ʙʳʣ ʥʝʩʢʦʣʴʢʦ ʙʦʣʴʰʠʤ ï 4,6 ʤʣ/ʢʛ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷ ʦʙʲʝʤ 

ʚʚʦʜʠʤʦʡ ʞʠʜʢʦʩʪʠ ʥʝ ʧʨʝʚʳʰʘʣ ʜʦʧʫʩʪʠʤʳʡ ʦʙʲʝʤ ʜʣʷ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ 
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(2 ʤʣ). ɺʝʱʝʩʪʚʘ ʚʚʦʜʠʣʠ ʚ ʷʨʝʤʥʫʶ ʚʝʥʫ ʚ ʪʝʯʝʥʠʝ ʥʝ ʤʝʥʝʝ 30 ʩ. ʇʦʩʣʝ ʚʚʝʜʝʥʠʷ 

ʞʠʚʦʪʥʳʭ ʧʦʤʝʱʘʣʠ ʚ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʢʘʤʝʨʳ. ɺ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ ʩʫʪʦʢ ʧʦʩʣʝ 

ʚʚʝʜʝʥʠʷ ʥʘʙʣʶʜʘʣʠ ʟʘ ʧʦʚʝʜʝʥʠʝʤ ʠ ʩʦʩʪʦʷʥʠʝʤ ʞʠʚʦʪʥʳʭ. ʇʘʚʰʠʭ ʢʨʳʩ 

ʚʩʢʨʳʚʘʣʠ, ʦʩʤʘʪʨʠʚʘʣʠ ʠ ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʳ ʦʨʛʘʥʦʚ. ʆʙʨʘʟʮʳ ʪʢʘʥʝʡ 

ʬʠʢʩʠʨʦʚʘʣʠ ʜʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ. ɺ ʢʦʥʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘ (ʯʝʨʝʟ 14 

ʩʫʪʦʢ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚʝʱʝʩʪʚ) ʞʠʚʦʪʥʳʭ ʫʤʝʨʱʚʣʷʣʠ ʜʠʩʣʦʢʘʮʠʝʡ ʰʝʡʥʳʭ 

ʧʦʟʚʦʥʢʦʚ ʠ ʧʨʦʚʦʜʠʣʠ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ 

ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ ʩʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʨʝʢʦʤʝʥʜʘʮʠʷʤ [Ruben et al., 1992; 

Tucker, 1997; Handbook of Toxicology, 2002; Bregman et al., 2003; Sellers et al., 

2007; Michael, 2007; Fiette et al., 2011].  

ʀʩʩʣʝʜʦʚʘʥʠʝ ʭʨʦʥʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ SkQ1 ʧʨʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʤ ʚʚʝʜʝʥʠʠ. 

ɺʥʫʪʨʠʞʝʣʫʜʦʯʥʦʝ ʚʚʝʜʝʥʠʝ ʚʝʱʝʩʪʚ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʠʟʦʛʥʫʪʳʭ 

ʩʪʘʣʴʥʳʭ ʢʘʥʶʣʴ (16-18 G ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʘ ʢʨʳʩʳ) ʠ ʠʥʲʝʢʮʠʦʥʥʳʭ 

ʰʧʨʠʮʦʚ. ʂʨʳʩʳ ʧʦʣʫʯʘʣʠ 400 ʠ 2000 ʥʤʦʣʴ/ʢʛ SkQ1 1 ʨʘʟ ʚ ʩʫʪʢʠ (ʨʘʩʪʚʦʨʘ - 

0,14 ʠ 0,7 ʤʣ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ). ʂʦʥʪʨʦʣʴʥʳʤ ʞʠʚʦʪʥʳʤ ʚʚʦʜʠʣʠ ʨʘʩʪʚʦʨʠʪʝʣʴ 

(0,70 ʤʣ/ʢʛ). ɼʦʟʳ ʢʦʨʨʝʢʪʠʨʦʚʘʣʠ ʝʞʝʥʝʜʝʣʴʥʦ ʧʦ ʤʝʨʝ ʨʦʩʪʘ ʢʨʳʩ. 

ɼʣʠʪʝʣʴʥʦʩʪʴ ʢʫʨʩʘ ʚʚʝʜʝʥʠʷ ʚʝʱʝʩʪʚʘ ʩʦʩʪʘʚʣʷʣʘ 8 ʥʝʜʝʣʴ. ʉʦʩʪʦʷʥʠʝ ʯʘʩʪʠ 

ʞʠʚʦʪʥʳʭ ʠʩʩʣʝʜʦʚʘʣʠ ʯʝʨʝʟ 8 ʥʝʜʝʣʴ ʧʨʠʝʤʘ ʧʨʝʧʘʨʘʪʘ (ʧʦʣʥʳʡ ʢʫʨʩ), ʯʨʝʟ 4 

ʥʝʜʝʣʠ (ʧʦʣʦʚʠʥʘ ʜʣʠʪʝʣʴʥʦʩʪʠ ʢʫʨʩʘ), ʘ ʪʘʢʞʝ ʩʧʫʩʪʷ ʜʚʝ ʥʝʜʝʣʠ ʧʦʩʣʝ 

ʧʨʝʢʨʘʱʝʥʠʷ ʚʚʝʜʝʥʠʷ SkQ1. ɼʦʧʦʣʥʠʪʝʣʴʥʦ ʙʳʣʠ ʦʙʩʣʝʜʦʚʘʥʳ ʛʨʫʧʧʳ 

ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ, ʥʝ ʧʦʜʚʝʨʛʘʚʰʠʭʩʷ ʢʘʢʠʤ-ʣʠʙʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ 

ʚʦʟʜʝʡʩʪʚʠʷʤ. ɺʦ ʚʨʝʤʷ ʢʫʨʩʘ ʚʚʝʜʝʥʠʷ SkQ1 ʩʦʩʪʦʷʥʠʝ ʢʨʳʩ ʝʞʝʥʝʜʝʣʴʥʦ 

ʦʮʝʥʠʚʘʣʠ ʧʦ ʤʘʩʩʝ ʪʝʣʘ ʠ ʚʠʟʫʘʣʴʥʦ ʚ ʭʦʜʝ ʦʩʤʦʪʨʘ, ʝʞʝʜʥʝʚʥʦ ï ʚ ʭʦʜʝ ʦʩʤʦʪʨʘ 

ʚ ʢʣʝʪʢʘʭ ʩʦʜʝʨʞʘʥʠʷ ʠ ʧʨʠ ʧʨʦʚʝʜʝʥʠʠ ʤʘʥʠʧʫʣʷʮʠʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦʛʦ 

ʚʚʝʜʝʥʠʷ ʚʝʱʝʩʪʚʘ. ʇʦ ʦʢʦʥʯʘʥʠʠ ʢʫʨʩʘ ʞʠʚʦʪʥʳʭ ʟʘʙʠʚʘʣʠ, ʧʨʦʚʦʜʠʣʠ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʥʫʪʨʝʥʥʠʭ ʦʨʛʘʥʦʚ ʠ ʟʘʙʠʨʘʣʠ ʧʨʦʙʳ ʪʢʘʥʝʡ ʜʣʷ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʕʚʪʘʥʘʟʠʶ ʢʨʳʩ ʦʩʫʱʝʩʪʚʣʷʣʠ ʠʥʛʘʣʷʮʠʝʡ ʉʆ2.  

ʕʚʪʘʥʘʟʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʚʩʢʨʳʚʘʣʠ, ʧʨʦʪʦʢʦʣʠʨʦʚʘʣʠ ʚʠʜʠʤʳʝ ʧʨʠʟʥʘʢʠ 

ʩʦʩʪʦʷʥʠʷ ʦʨʛʘʥʦʚ ʠ ʪʢʘʥʝʡ. ʆʪʧʨʝʧʘʨʦʚʳʚʘʣʠ ʠ ʦʧʨʝʜʝʣʷʣʠ ʤʘʩʩʫ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ, ʩʝʨʜʮʘ, ʣʝʛʢʠʭ, ʪʠʤʫʩʘ, ʧʝʯʝʥʠ, ʧʦʯʝʢ, ʥʘʜʧʦʯʝʯʥʠʢʦʚ, ʩʝʣʝʟʝʥʢʠ, ʦʨʛʘʥʦʚ 



92 
 

ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʬʝʨʳ: ʩʝʤʝʥʥʠʢʦʚ, ʧʨʠʜʘʪʢʦʚ ʩʝʤʝʥʥʠʢʦʚ ʠ ʚʝʥʪʨʘʣʴʥʳʭ ʜʦʣʝʡ 

ʧʨʦʩʪʘʪʳ ʫ ʩʘʤʮʦʚ; ʷʠʯʥʠʢʦʚ ʠ ʤʘʪʢʠ ï ʫ ʩʘʤʦʢ, ʘ ʪʘʢʞʝ ʜʝʧʦʟʠʪʦʚ ʧʦʣʦʩʪʥʦʛʦ 

ʞʠʨʘ: ʵʧʠʜʠʜʠʤʘʣʴʥʦʛʦ - ʫ ʩʘʤʮʦʚ, ʞʠʨʘ, ʦʢʨʫʞʘʶʱʝʛʦ ʷʠʯʥʠʢʠ ʠ ʤʘʪʢʫ ï ʫ 

ʩʘʤʦʢ. ɼʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʙʠʨʘʣʠ ʦʙʨʘʟʮʳ ʪʢʘʥʝʡ ʛʦʣʦʚʥʦʛʦ 

ʤʦʟʛʘ, ʛʠʧʦʬʠʟʘ, ʪʨʘʭʝʠ, ʣʝʛʢʠʭ, ʩʝʨʜʮʘ, ʧʝʯʝʥʠ, ʧʦʯʝʢ, ʤʦʯʝʚʦʛʦ ʧʫʟʳʨʷ, 

ʥʘʜʧʦʯʝʯʥʠʢʦʚ, ʦʨʛʘʥʦʚ ʨʝʧʨʦʜʫʢʪʠʚʥʦʡ ʩʬʝʨʳ, ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ, ʤʳʰʮ, 

ʩʣʶʥʥʳʭ ʞʝʣʝʟ, ʧʠʱʝʚʦʜʘ, ʞʝʣʫʜʢʘ, ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ, ʪʦʣʩʪʦʛʦ 

ʢʠʰʝʯʥʠʢʘ, ʣʠʤʬʘʪʠʯʝʩʢʠʭ ʫʟʣʦʚ, ʪʠʤʫʩʘ ʠ ʢʦʞʥʳʭ ʧʦʢʨʦʚʦʚ.  

 

2.4 ʊʝʩʪʠʨʦʚʘʥʠʝ ʚʣʠʷʥʠʷ SkQ1 ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʠ ʩʧʝʢʪʨ 

ʩʧʦʥʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʫ ʞʠʚʦʪʥʳʭ 

ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʦ ʠʟʫʯʝʥʠʶ ʚʣʠʷʥʠʷ SkQ1 ʥʘ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʠ 

ʩʧʦʥʪʘʥʥʫʶ ʧʘʪʦʣʦʛʠʶ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʞʠʚʦʪʥʳʭ ʨʘʟʥʳʭ ʚʠʜʦʚ ʠ ʣʠʥʠʡ (ʤʳʰʝʡ 

BALB/c, ʉ57BL/6, B6SJL-Tg(SOD1-G93A)dl1Gur/J, ʭʦʤʷʯʢʦʚ ʂʵʤʧʙʝʣʣʘ ʠ 

ʦʙʳʢʥʦʚʝʥʥʳʭ ʩʣʝʧʫʰʦʥʦʢ), ʩʦʜʝʨʞʘʚʰʠʭʩʷ ʚ ʨʘʟʥʳʭ ʫʩʣʦʚʠʷʭ ʠ ʧʦʣʫʯʘʚʰʠʭ 

ʨʘʟʥʳʝ ʜʦʟʳ SkQ1 (ʩʤ. 2.2). ɾʠʚʦʪʥʳʝ ʞʠʣʠ ʜʦ ʠʭ ʝʩʪʝʩʪʚʝʥʥʦʡ ʛʠʙʝʣʠ ʠʣʠ ʜʦ 

ʵʚʪʘʥʘʟʠʠ ʧʦ ʧʨʠʯʠʥʝ ʪʷʞʝʣʦʛʦ ʤʦʨʙʠʜʥʦʛʦ ʩʪʘʪʫʩʘ. ʋ ʧʘʚʰʠʭ ʞʠʚʦʪʥʳʭ 

ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʚʦʟʨʘʩʪ ʥʘ ʤʦʤʝʥʪ ʛʠʙʝʣʠ, ʪʨʫʧʳ ʧʦʜʚʝʨʛʘʣʠ  ʦʙʷʟʘʪʝʣʴʥʦʡ 

ʥʝʢʨʦʧʩʠʠ ʠ, ʧʨʠ ʜʦʩʪʘʪʦʯʥʦʡ ʩʦʭʨʘʥʥʦʩʪʠ, ʛʠʩʪʦʧʘʪʦʣʦʛʠʯʝʩʢʦʤʫ ʠʩʩʣʝʜʦʚʘʥʠʶ 

ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʦʢʘʟʘʥʠʡ, ʰʠʨʦʢʦʛʦ ʥʘʙʦʨʘ ʩʧʝʮʠʘʣʴʥʳʭ 

ʤʝʪʦʜʦʚ ʦʢʨʘʩʢʠ (ʩʤ. 2.10). ɺʳʷʚʣʝʥʥʫʶ ʦʧʫʭʦʣʝʚʫʶ ʠ ʥʝʦʧʫʭʦʣʝʚʫʶ ʧʘʪʦʣʦʛʠʶ 

ʜʠʘʛʥʦʩʪʠʨʦʚʘʣʠ ʩʦʛʣʘʩʥʦ ʨʝʢʦʤʝʥʜʘʮʠʷʤ, ʠʟʣʦʞʝʥʥʳʤ ʚ ʩʧʝʮʠʘʣʴʥʳʭ ʩʪʘʪʴʷʭ ʠ 

ʨʫʢʦʚʦʜʩʪʚʘʭ ʧʦ ʧʘʪʦʤʦʨʬʦʣʦʛʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ [Faccini et al., 1990; 

Pathobiologyé, 1996; International Classificationé, 2001; Pathology of the mouseé, 

1999; Morse et al. 2002; Kogan, et al., 2002; Nikitin  et al., 2004; Percy, Barthold, 2007; 

Greaves, 2007; Kondo et al., 2008; Pettan-Brewer, Treuting, 2011; Background 

Lesionsé, 2012]. ʇʨʠ ʦʙʥʘʨʫʞʝʥʠʠ ʠʟʤʝʥʝʥʠʡ, ʨʘʥʝʝ ʥʝ ʦʧʠʩʘʥʥʳʭ ʫ 

ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ, ʦʨʠʝʥʪʠʨʦʚʘʣʠʩʴ ʥʘ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʝ ʢʨʠʪʝʨʠʠ ʦʙʱʝʡ 

ʧʘʪʦʣʦʛʠʠ [ʉʪʨʫʢʦʚ, ʉʝʨʦʚ, 1995] ʠ ʥʘ ʠʥʬʦʨʤʘʮʠʶ ʦʙ ʘʥʘʣʦʛʠʯʥʦʡ ʧʘʪʦʣʦʛʠʠ ʫ 

ʯʝʣʦʚʝʢʘ [Classification of tumoursé, 2001]. 
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2.5 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʣʴʪʝʨʘʪʠʚʥʦʡ ʧʘʪʦʣʦʛʠʠ 

ʎʠʪʦʩʪʘʪʠʯʝʩʢʦʝ ʧʦʨʘʞʝʥʠʝ ʩʝʤʝʥʥʠʢʦʚ. ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʛʦ 

ʧʦʨʘʞʝʥʠʷ ʩʝʤʝʥʥʠʢʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʥʘ ʜʚʫʭʤʝʩʷʯʥʳʭ ʩʘʤʮʘʭ ʣʠʥʠʠ BALB/c 

ʩʦʛʣʘʩʥʦ ʦʧʫʙʣʠʢʦʚʘʥʥʦʤʫ ʧʨʦʪʦʢʦʣʫ [Yeh et al., 2007]. ɾʠʚʦʪʥʳʝ ʙʳʣʠ 

ʨʘʟʜʝʣʝʥʳ ʥʘ ʰʝʩʪʴ ʛʨʫʧʧ ʧʦ 10 ʦʩʦʙʝʡ ʚ ʢʘʞʜʦʡ. ʀʥʪʘʢʪʥʘʷ ʛʨʫʧʧʘ ʧʦʣʫʯʘʣʘ 

ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʨʘʩʪʚʦʨ. ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ ʧʦʣʫʯʘʣʘ 

ʜʦʢʩʦʨʫʙʠʮʠʥ (Sigma, USA) ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʚ ʜʦʟʝ 3 ʤʛ/ʢʛ ʢʘʞʜʳʝ 2 ʜʥʷ ʪʘʢ, 

ʯʪʦʙʳ ʩʫʤʤʘʨʥʘʷ ʜʦʟʘ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʧʦʩʣʝ ʢʫʨʩʘ ʠʥʲʝʢʮʠʡ ʩʦʩʪʘʚʠʣʘ 9 ʤʛ/ʢʛ. 

ʊʨʝʪʴʷ ʛʨʫʧʧʘ ʞʠʚʦʪʥʳʭ ʧʦʣʫʯʘʣʘ ʜʦʢʩʠʮʠʢʣʠʥ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ ʠ 

ʜʦʢʩʦʨʫʙʠʮʠʥ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ. ɼʦʢʩʠʮʠʢʣʠʥ (Sigma, USA) ʚʚʦʜʠʣʩʷ ʚ ʜʦʟʝ 2,5 

ʤʛ/ʢʛ ʚ ʤʦʤʝʥʪ ʥʘʯʘʣʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʥʘ 2 ʠ 4 ʩʫʪʢʠ, ʘ ʜʦʢʩʦʨʫʙʠʮʠʥ 

ʠʥʲʝʮʠʨʦʚʘʣʩʷ ʚ ʜʦʟʝ 3 ʤʛ/ʢʛ ʥʘ ʯʝʨʝʟ 1 ʩʫʪʢʠ ʧʦʩʣʝ ʥʘʯʘʣʘ ʦʧʳʪʘ, ʘ ʪʘʢʞʝ ʥʘ 3 ʠ 

5 ʩʫʪʢʠ (ʪ.ʝ., ʢʘʞʜʫʶ ʜʦʟʫ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʚʚʦʜʠʣʠ ʯʝʨʝʟ 1 ʩʫʪʢʠ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ 

ʜʦʢʩʠʮʠʢʣʠʥʘ). ʏʝʪʚʝʨʪʘʷ, ʧʷʪʘʷ ʠ ʰʝʩʪʘʷ ʛʨʫʧʧʘ ʧʦʣʫʯʘʣʠ ʜʦʢʩʦʨʫʙʠʮʠʥ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʠ SkQ1 ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ. ʇʨʝʧʘʨʘʪ SkQ1 ʚʚʦʜʠʪʩʷ ʚ ʪʝʯʝʥʠʝ 

28 ʩʫʪʦʢ ʚ ʜʦʟʘʭ 50, 250 ʠ 1250  ʥʤʦʣʴ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʚ ʯʝʪʚʝʨʪʦʡ, ʧʷʪʦʡ ʠ 

ʰʝʩʪʦʡ ʛʨʫʧʧʘʭ, ʦʜʠʥ ʨʘʟ ʚ ʩʫʪʢʠ, ʘ ʜʦʢʩʦʨʫʙʠʮʠʥ ʠʥʲʝʮʠʨʦʚʘʣʠ ʚʩʝʤ ʤʳʰʘʤ ʚ 

ʜʦʟʝ 3 ʤʛ/ʢʛ ʥʘ 1, 3 ʠ 5 ʩʫʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʏʝʨʝʟ 28 ʜʥʝʡ ʧʦʩʣʝ ʥʘʯʘʣʘ ʚʚʝʜʝʥʠʷ 

ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʠʟʚʦʜʠʣʘʩʴ ʵʚʪʘʥʘʟʠʷ ʤʳʰʝʡ ʠʥʛʘʣʷʮʠʝʡ ʉʆ2 ʠ ʟʘʙʦʨ ʤʘʪʝʨʠʘʣʘ 

(ʩʝʤʝʥʥʠʢʦʚ) ʜʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ [Russell et al., 1990]. 

ʆʩʪʨʘʷ ʪʦʢʩʠʯʝʩʢʘʷ ʜʠʩʪʨʦʬʠʷ ʧʝʯʝʥʠ. ɼʣʷ ʠʥʜʫʢʮʠʠ ʪʦʢʩʠʯʝʩʢʦʡ ʜʠʩʪʨʦʬʠʠ 

ʧʝʯʝʥʠ ʪʨʝʭʤʝʩʷʯʥʳʤ ʩʘʤʢʘʤ ʤʳʰʝʡ ʣʠʥʠʠ C57BL ʦʜʥʦʢʨʘʪʥʦ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ 

ʚʚʦʜʠʣʩʷ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʡ ʫʛʣʝʨʦʜ (Merck, USA) ʚ 50% ʨʘʩʪʚʦʨʝ ʥʘ ʦʣʠʚʢʦʚʦʤ 

ʤʘʩʣʝ ʚ ʜʦʟʝ 2,5 ʤʛ/ʢʛ. ɾʠʚʦʪʥʳʭ ʵʚʪʘʥʘʟʠʨʦʚʘʣʠ ʠʥʛʘʣʷʮʠʝʡ ʉʆ2 ʯʝʨʝʟ 24 ʯ 

ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ. SkQ1 ʠ ʜʨʫʛʠʝ ʠʩʧʳʪʫʝʤʳʝ ʚʝʱʝʩʪʚʘ ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ ʚ 

ʪʝʯʝʥʠʝ 5 ʜʥʝʡ ʧʝʨʝʜ ʚʚʝʜʝʥʠʝʤ ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʦʛʦ ʫʛʣʝʨʦʜʘ (ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ). 

ɺ ʜʘʥʥʦʤ ʵʢʩʧʝʨʠʤʝʥʪʝ ʙʳʣʠ ʩʣʝʜʫʶʱʠʝ ʛʨʫʧʧʳ ʞʠʚʦʪʥʳʭ: ʠʥʪʘʢʪʥʳʡ ʢʦʥʪʨʦʣʴ 

(n=5, ʙʝʟ ʚʚʝʜʝʥʠʷ ʪʝʪʨʘʭʣʦʨʤʝʪʘʥʘ), ʥʝʛʘʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ (n=5, ʞʠʚʦʪʥʳʤ 5 

ʜʥʝʡ ʚʚʦʜʠʣʦʩʴ ʦʣʠʚʢʦʚʦʝ ʤʘʩʣʦ), ʧʣʘʮʝʙʦ (n=9, ʞʠʚʦʪʥʳʤ 5 ʜʥʝʡ ʚʚʦʜʠʣʘʩʴ 

ʘʩʢʦʨʙʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʚ ʪʦʡ ʞʝ ʜʦʟʝ, ʯʪʦ ʠ ʚ ʩʤʝʩʠ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʥʳʤ SkQ1), ʪʨʠ 
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ʦʧʳʪʥʳʝ ʛʨʫʧʧʳ, ʢʦʪʦʨʳʤ 5 ʜʥʝʡ ʚʚʦʜʠʣʘʩʴ ʦʢʠʩʣʝʥʥʘʷ ʬʦʨʤʘ SkQ1  (n=10-11) ʚ 

ʜʦʟʘʭ  50, 250 ʠ 1250 ʥʤʦʣʴ/ʢʛ ʚ ʩʫʪʢʠ ʠ ʯʝʪʳʨʝ ʦʧʳʪʥʳʝ ʛʨʫʧʧʳ (n=10-11), 

ʢʦʪʦʨʳʤ ʚʚʦʜʠʣʘʩʴ ʚʦʩʩʪʘʥʦʚʣʝʥʥʘʷ ʬʦʨʤʘ ʧʨʝʧʘʨʘʪʘ ʚ ʜʦʟʘʭ 2,  10, 50 ʠ 250 

ʥʤʦʣʴ/ʢʛ ʚ ʩʫʪʢʠ. ʇʨʠ ʥʝʢʨʦʧʩʠʠ ʢʫʩʦʯʢʠ ʧʝʯʝʥʠ ʬʠʢʩʠʨʦʚʘʣʠ ʜʣʷ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

 

2.6 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʨʝʘʢʮʠʡ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʪʨʦʛʦ ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʥʝʠʤʤʫʥʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ʄʦʜʝʣʴʶ 

ʘʩʝʧʪʠʯʝʩʢʦʛʦ ʥʝʠʤʤʫʥʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ ʩʣʫʞʠʣ ʦʩʪʨʳʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʡ 

ʧʘʥʢʨʝʘʪʠʪ. ʕʢʩʧʝʨʠʤʝʥʪ ʧʨʦʚʦʜʠʣʠ ʥʘ ʩʘʤʢʘʭ ʘʫʪʙʨʝʜʥʦʡ ʣʠʥʠʠ ɺʠʩʪʘʨ. ʆʩʪʨʳʡ 

ʧʘʥʢʨʝʘʪʠʪ ʤʦʜʝʣʠʨʦʚʘʣʠ ʦʜʥʦʢʨʘʪʥʳʤ ʚʥʫʪʨʠʙʨʶʰʠʥʥʳʤ ʚʚʝʜʝʥʠʝʤ ʘʨʛʠʥʠʥʘ 

(Sigma, USA) ʚ ʜʦʟʝ 1 ʛ/ʢʛ ʚʝʩʘ ʚ ʚʠʜʝ 20% ʨʘʩʪʚʦʨʘ, ʧʨʠʛʦʪʦʚʣʝʥʥʦʛʦ ʥʘ 

ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (ʨʅ=6,8). ʀʥʪʘʢʪʥʘʷ ʛʨʫʧʧʘ (n=7), ʧʦʣʫʯʘʣʘ ʦʜʥʦʢʨʘʪʥʫʶ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʫʶ ʠʥʲʝʢʮʠʶ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʘʩʪʚʦʨʘ. ʆʙʲʝʤ ʚʚʦʜʠʤʦʛʦ 

ʨʘʩʪʚʦʨʘ ʘʥʘʣʦʛʠʯʝʥ ʦʙʲʝʤʫ, ʚʚʦʜʠʤʦʤʫ ʞʠʚʦʪʥʳʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ 

(2,5 ʤʣ). ʂʦʥʪʨʦʣʴʥʘʷ ʛʨʫʧʧʘ (n=12) ʧʦʣʫʯʘʣʘ ʠʥʲʝʢʮʠʶ ʘʨʛʠʥʠʥʘ ʙʝʟ 

ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ. ɼʚʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʛʨʫʧʧʳ  

(n=11 ʠ 9) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʚ ʪʝʯʝʥʠʝ 10 ʜʥʝʡ ʧʦʣʫʯʘʣʠ ʩ ʧʠʪʴʝʚʦʡ ʚʦʜʦʡ SkQ1 ʚ 

ʜʦʟʝ 50 ʠ 250 ʥʤʦʣʴ/ʢʛ ʚ ʩʫʪʢʠ (ʜʦʟʘ ʜʦʙʘʚʣʷʣʘʩʴ ʚ ʚʦʜʫ ʠʟ ʨʘʩʯʝʪʘ ʩʫʪʦʯʥʦʛʦ 

ʧʦʪʨʝʙʣʝʥʠʷ ʞʠʚʦʪʥʳʤʠ). ʅʘ 9 ʩʫʪʢʠ ʙʫʜʝʪ ʧʨʦʠʟʚʝʜʝʥʘ ʚʥʫʪʨʠʙʨʶʰʠʥʥʘʷ 

ʠʥʲʝʢʮʠʷ ʘʨʛʠʥʠʥʘ. ʏʝʨʝʟ 24 ʯʘʩʘ ʞʠʚʦʪʥʳʝ ʧʦʜʚʝʨʛʘʶʪʩʷ ʵʚʪʘʥʘʟʠʠ. ɺʟʚʝʰʠʚʘʣʠ 

ʪʝʣʦ ʞʠʚʦʪʥʦʛʦ, ʠʟʚʣʝʢʘʣʠ ʠ ʦʮʝʥʠʚʘʣʠ ʤʘʩʩʫ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ, ʧʦʣʦʚʠʥʫ 

ʢʦʪʦʨʦʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ 

ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʦ ʫʜʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʝʣʦʧʝʨʦʢʩʠʜʘʟʳ, ʘ ʧʦʣʦʚʠʥʫ 

ʬʠʢʩʠʨʦʚʘʣʠ ʜʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʦʩʪʨʦʛʦ ʙʘʢʪʝʨʠʘʣʴʥʦʛʦ ʥʝʠʤʤʫʥʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. ɹʘʢʪʝʨʠʘʣʴʥʦʝ 

ʥʝʠʤʤʫʥʥʦʝ ʚʦʩʧʘʣʝʥʠʝ ʠʩʩʣʝʜʦʚʘʣʠ ʥʘ ʤʦʜʝʣʠ ʦʩʪʨʦʛʦ ʧʠʝʣʦʥʝʬʨʠʪʘ. 

ʇʠʝʣʦʥʝʬʨʠʪ ʠʥʜʫʮʠʨʦʚʘʣʠ ʚʚʝʜʝʥʠʝʤ ʙʘʢʪʝʨʠʡ ʚ ʤʦʯʝʚʦʡ ʧʫʟʳʨʴ ʘʫʪʙʨʝʜʥʳʤ 

ʙʝʣʳʤ ʢʨʳʩʘʤ ɺʠʩʪʘʨ (180-200 ʛ) [Gupta et al., 1995]. ɾʠʚʦʪʥʳʭ ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ 
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ʟʦʣʝʪʠʣʦʤ (ʚʥʫʪʨʠʤʳʰʝʯʥʦʝ ʚʚʝʜʝʥʠʝ 3 ʤʛ/100 ʛ ʤʘʩʩʳ ʪʝʣʘ ʢʨʳʩʳ). 

ʀʥʬʠʮʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʠʥʪʨʘʫʨʝʪʨʘʣʴʥʦʡ ʠʥʩʪʠʣʣʷʮʠʠ 

ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʣʠʵʪʠʣʝʥʦʚʦʛʦ ʢʘʪʝʪʝʨʘ (Clay Adams, USA) 5 ʤʣ ʥʘ ʢʛ 1 Ĭ 10
8
 

ʂʆɽ/ʤʣ ʙʘʢʪʝʨʠʘʣʴʥʦʡ ʢʦʤʧʦʟʠʮʠʠ ʠʟ ʬʝʢʘʣʠʡ ʢʨʳʩ. SkQR1 ʚʚʦʜʠʣʠ 

ʠʥʪʨʘʧʝʨʠʪʦʥʝʘʣʴʥʦ ʚ ʜʦʟʝ 100 ʥʤʦʣʴ/ʢʛ ʯʝʨʝʟ 1 ʯʘʩ ʧʦʩʣʝ ʠʥʬʠʮʠʨʦʚʘʥʠʷ; 

ʚʚʝʜʝʥʠʝ ʪʦʡ ʞʝ ʜʦʟʳ ʧʨʝʧʘʨʘʪʘ ʧʦʚʪʦʨʷʣʠ ʯʝʨʝʟ 12, 24, 36, ʠ 48 ʯʘʩʦʚ; ʚʩʝʛʦ 

ʢʘʞʜʘʷ ʢʨʳʩʘ ʧʦʣʫʯʘʣʘ 500 ʥʤʦʣʴ/ʢʛ SkQR1. ʇʦ ʦʢʦʥʯʘʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʞʠʚʦʪʥʳʝ ʙʳʣʠ ʧʦʜʚʝʨʛʥʫʪʳ ʵʚʪʘʥʘʟʠʠ ʠʥʛʘʣʷʮʠʝʡ ʉʆ2. ɺ ʢʘʞʜʦʡ ʠʟ ʪʨʝʭ ʛʨʫʧʧ 

(ʠʥʪʘʢʪʥʳʝ, ʢʦʥʪʨʦʣʴʥʳʝ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʢʨʳʩʳ) ʙʳʣʦ ʧʦ 15 ʦʩʦʙʝʡ. ʆʜʥʘ 

ʠʟ ʧʦʯʝʢ ʩʣʫʞʠʣʘ ʜʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ, ʚʪʦʨʫʶ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʙʠʦʭʠʤʠʯʝʩʢʦʡ ʦʮʝʥʢʠ ʩʪʝʧʝʥʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʠʥʬʠʣʴʪʨʘʮʠʠ ʧʦ ʫʜʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʤʠʝʣʦʧʝʨʦʢʩʠʜʘʟʳ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʭʨʦʥʠʯʝʩʢʦʛʦ ʧʨʦʜʫʢʪʠʚʥʦʛʦ ʘʫʪʦʠʤʤʫʥʥʦʛʦ ʚʦʩʧʘʣʝʥʠʷ. 

ʄʦʜʝʣʴʶ ʚʦʩʧʘʣʝʥʠʷ ʪʘʢʦʛʦ ʪʠʧʘ ʩʣʫʞʠʣ ʘʫʪʦʠʤʤʫʥʥʳʡ ʨʝʚʤʘʪʦʠʜʥʳʡ ʘʨʪʨʠʪ. 

ʕʪʦ ʟʘʙʦʣʝʚʘʥʠʝ ʠʥʜʫʮʠʨʦʚʘʣʠ ʠʤʤʫʥʠʟʘʮʠʝʡ ʢʨʳʩ ɺʠʩʪʘʨ ʚ ʚʦʟʨʘʩʪʝ 5-6 ʥʝʜʝʣʴ 

(ʧʦ 15 ʩʘʤʦʢ ʚ ʢʘʞʜʦʡ ʛʨʫʧʧʝ) ʩʚʠʥʳʤ ʢʦʣʣʘʛʝʥʦʤ ʚʪʦʨʦʛʦ ʪʠʧʘ (Chondrex, USA) 

ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʦʧʫʙʣʠʢʦʚʘʥʥʳʤ ʧʨʦʪʦʢʦʣʦʤ [Rosloniec et al., 2004]. SkQ1 

ʚʚʦʜʠʣʠ ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ ʩ ʧʦʤʦʱʴʶ ʟʦʥʜʘ ʚ ʜʦʟʘʭ 50, 250, ʠ 1250 

ʥʤʦʣʴ/ʢʛ/ʩʫʪʢʠ.  ɾʠʚʦʪʥʳʤ ʠʟ ʛʨʫʧʧʳ ʥʝʛʘʪʠʚʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚʚʦʜʠʣʩʷ 

ʜʝʢʩʘʤʝʪʘʟʦʥ (Sigma, USA) (ʚ ʜʦʟʝ 1,5 ʤʛ/ʢʛ ʚʥʫʪʨʠʤʳʰʝʯʥʦ 1 ʨʘʟ ʚ ʥʝʜʝʣʶ); 

ʧʦʟʠʪʠʚʥʳʡ ʢʦʥʪʨʦʣʴ ʥʝ ʧʦʣʫʯʘʣ ʥʠʢʘʢʦʛʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʛʦ ʤʝʜʠʢʘʤʝʥʪʦʟʥʦʛʦ 

ʚʦʟʜʝʡʩʪʚʠʷ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʪʦʛʦ, ʯʪʦ ʚʩʝʤ ʢʦʥʪʨʦʣʴʥʳʤ ʢʨʳʩʘʤ 

ʚʥʫʪʨʠʞʝʣʫʜʦʯʥʦ ʚʚʦʜʠʣʩʷ ʨʘʩʪʚʦʨ, ʥʝ ʩʦʜʝʨʞʘʱʠʡ SkQ1, ʚ ʪʦʤ ʞʝ ʦʙʲʝʤʝ, ʯʪʦ ʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʛʨʫʧʧʘʤ. ʆʜʥʘ ʛʨʫʧʧʘ ʩʦʩʪʦʷʣʘ ʠʟ ʠʥʪʘʢʪʥʳʭ ʢʨʳʩ. 

ɾʠʚʦʪʥʳʭ ʧʦʜʚʝʨʛʘʣʠ ʵʚʪʘʥʘʟʠʠ ʠʥʛʘʣʷʮʠʝʡ ʉʆ2 ʩʧʫʩʪʷ 4 ʥʝʜʝʣʠ ʧʦʩʣʝ ʥʘʯʘʣʘ 

ʵʢʩʧʝʨʠʤʝʥʪʘ, ʜʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʟʘʙʠʨʘʣʠʩʴ ʦʙʝ ʩʪʦʧʳ. 

 

2.7 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʢʦʤʧʝʥʩʘʪʦʨʥʦ-ʧʨʠʩʧʦʩʦʙʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʨʝʧʘʨʘʪʠʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʢʦʞʠ. ʈʝʛʝʥʝʨʘʮʠʷ ʪʢʘʥʝʡ ʢʦʞʠ 

ʠʟʫʯʘʣʘʩʴ ʥʘ ʤʦʜʝʣʠ ʤʝʭʘʥʠʯʝʩʢʦʡ ʧʦʨʝʟʘʥʥʦʡ ʨʘʥʳ ʫ ʩʪʘʨʳʭ ʤʳʰʝʡ ʠ ʤʳʰʝʡ ʩ 
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ʛʝʥʝʪʠʯʝʩʢʠ ʦʙʫʩʣʦʚʣʝʥʥʦʡ ʧʘʪʦʣʦʛʠʝʡ ʦʙʤʝʥʘ (ʩʤ. 2.2). ɾʠʚʦʪʥʳʭ 

ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʘʥʝʩʪʝʟʠʨʦʚʘʣʠ ʵʬʠʨʦʤ. ɼʣʷ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʢʦʞʥʦʡ ʨʘʥʳ 

ʤʳʰʘʤ ʚ ʤʝʞʣʦʧʘʪʦʯʥʦʡ ʦʙʣʘʩʪʠ ʫʜʘʣʷʣʠ ʰʝʨʩʪʷʥʦʡ ʧʦʢʨʦʚ ʠ ʦʙʨʘʙʘʪʳʚʘʣʠ 

ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʞʠ ʵʪʘʥʦʣʦʤ. ɿʘʪʝʤ ʧʨʠ ʧʦʤʦʱʠ ʥʦʞʥʠʮ ʠ ʧʠʥʮʝʪʘ ʧʨʦʠʟʚʦʜʠʣʠ 

ʨʘʥʝʥʠʝ, ʧʨʦʥʠʢʘʶʱʝʝ ʯʝʨʝʟ ʚʩʝ ʩʣʦʠ ʢʦʞʠ (0,49 ʤʤ
2
). ʉʧʫʩʪʷ 7 ʩʫʪʦʢ (ʩʪʘʨʳʝ 

ʤʳʰʠ) ʠʣʠ 7 ʠ 13 ʩʫʪʦʢ (db/db) ʧʦʩʣʝ ʥʘʥʝʩʝʥʠʷ ʨʘʥ ʞʠʚʦʪʥʳʭ ʧʦʜʚʝʨʛʘʣʠ 

ʵʚʪʘʥʘʟʠʠ ʠʥʛʘʣʷʮʠʝʡ ʫʛʣʝʢʠʩʣʦʛʦ ʛʘʟʘ ʠ ʟʘʙʠʨʘʣʠ ʦʙʨʘʟʮʳ ʢʦʞʠ ʩ ʦʙʣʘʩʪʴʶ ʨʘʥʳ 

ʜʣʷ ʛʠʩʪʦʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʬʠʙʨʦʟʘ ʠ ʛʠʧʝʨʪʨʦʬʠʠ. ʌʠʙʨʦʟ ʠ ʛʠʧʝʨʪʨʦʬʠʷ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʥʘ 

ʤʦʜʝʣʠ ʩʧʦʥʪʘʥʥʳʭ ʚʦʟʨʘʩʪʥʳʭ ʠʟʤʝʥʝʥʠʡ ʤʠʦʢʘʨʜʘ ʫ ʩʘʤʦʢ ʤʳʰʝʡ ʣʠʥʠʠ 

BALB/c ʚ ʚʦʟʨʘʩʪʝ 24 ʤʝʩʷʮʝʚ (ʩʤ. ʨʘʟʜʝʣ 2.2) . 

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʜʠʩʧʣʘʩʪʠʯʝʩʢʠʭ ʠ ʤʝʪʘʧʣʘʩʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ. ʄʦʜʝʣʴʶ 

ʩʣʫʞʠʣʠ ʩʧʦʥʪʘʥʥʳʝ ʚʦʟʨʘʩʪʥʳʝ ʠʟʤʝʥʝʥʠʷ ʩʣʝʟʥʦʡ ʞʝʣʝʟʳ ʫ ʢʨʳʩ ɺʠʩʪʘʨ ʚ 

ʚʦʟʨʘʩʪʝ 18 ʤʝʩʷʮʝʚ (ʩʤ. ʨʘʟʜʝʣ 2.2). 

 

2.8 ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʘʪʨʦʬʠʠ 

ɸʪʨʦʬʠʷ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʥʘ ʤʦʜʝʣʠ ʩʧʦʥʪʘʥʥʦʡ ʧʘʪʦʣʦʛʠʠ ʫ SOD1-

ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʰʝʡ  B6SJL-Tg(SOD1-G93A)dl1Gur/J, ʩʪʨʘʜʘʶʱʠʭ ʙʦʢʦʚʳʤ 

ʘʤʠʦʪʨʦʬʠʯʝʩʢʠʤ ʩʢʣʝʨʦʟʦʤ ʠ ʨʷʜʦʤ ʜʨʫʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ (ʩʤ. ʨʘʟʜʝʣ 2.2). 

 

2.9 ʄʦʜʝʣʠ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ 

ɺ ʢʘʯʝʩʪʚʝ ʤʦʜʝʣʝʡ ʦʧʫʭʦʣʝʚʦʛʦ ʨʦʩʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʦʥʪʘʥʥʳʝ 

ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʷ, ʨʘʟʚʠʚʘʚʰʠʝʩʷ ʫ ʩʘʤʮʦʚ ʠ ʩʘʤʦʢ ʤʳʰʝʡ ʣʠʥʠʡ BALB/c, 

ʉ57BL/6, B6SJL-Tg(SOD1-G93A)dl1Gur/J, ʭʦʤʷʯʢʦʚ ʂʵʤʧʙʝʣʣʘ ʠ ʦʙʳʢʥʦʚʝʥʥʳʭ 

ʩʣʝʧʫʰʦʥʦʢ (ʩʤ. ʨʘʟʜʝʣ 2.2). ʋ ʞʠʚʦʪʥʳʭ, ʜʦʞʠʚʰʠʭ ʜʦ ʝʩʪʝʩʪʚʝʥʥʦʡ ʛʠʙʝʣʠ ʚ 

ʢʦʥʪʨʦʣʴʥʳʭ ʛʨʫʧʧʘʭ ʠ ʛʨʫʧʧʘʭ, ʧʦʣʫʯʘʚʰʠʭ ʨʘʟʥʳʝ ʜʦʟʳ SkQ1, ʦʧʨʝʜʝʣʷʣʠ 

ʦʙʱʫʶ ʯʘʩʪʦʪʫ ʠ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʡ ʩʧʝʢʪʨ ʦʧʫʭʦʣʝʡ, ʚʦʟʨʘʩʪ ʥʘ ʤʦʤʝʥʪ ʩʤʝʨʪʠ ʦʪ 

ʨʘʟʣʠʯʥʳʭ ʥʦʚʦʦʙʨʘʟʦʚʘʥʠʡ (ʣʘʪʝʥʪʥʳʡ ʧʝʨʠʦʜ ʢʘʥʮʝʨʦʛʝʥʝʟʘ), ʯʘʩʪʦʪʫ 

ʜʠʩʩʝʤʠʥʠʨʦʚʘʥʥʳʭ ʠ ʧʝʨʚʠʯʥʦ-ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʥʝʦʧʣʘʟʤ. 
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2.10 ɻʠʩʪʦʪʝʭʥʠʯʝʩʢʠʝ ʠ ʛʠʩʪʦʭʠʤʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʆʙʨʘʟʮʳ ʦʨʛʘʥʦʚ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʬʠʢʩʠʨʦʚʘʣʠ ʚ 10% ʨʘʩʪʚʦʨʝ ʬʦʨʤʘʣʠʥʘ 

ʥʘ ʬʦʩʬʘʪʥʦʤ ʙʫʬʝʨʝ (ʨʅ=7,4). ʅʝʙʦʣʴʰʦʝ ʯʠʩʣʦ ʦʙʲʝʢʪʦʚ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ 

ʞʠʜʢʦʩʪʠ ʂʘʨʥʫʘ (ʛʣʘʟʘ, ʦʙʨʘʟʮʳ ʧʝʯʝʥʠ) ʠ ɹʫʵʥʘ (ʩʣʝʟʥʳʝ ʞʝʣʝʟʳ). ʇʦʩʣʝ 

ʬʠʢʩʘʮʠʠ (24 ʯ. ʚ ʬʦʨʤʘʣʠʥʝ ʠ ʞʠʜʢʦʩʪʠ ɹʫʵʥʘ, 3 ʯʘʩʘ ï ʚ ʞʠʜʢʦʩʪʠ ʂʘʨʥʫʘ) 

ʧʨʝʧʘʨʘʪʳ ʪʱʘʪʝʣʴʥʦ ʦʪʤʳʚʘʣʠ ʦʪ ʬʠʢʩʘʪʦʨʘ (ʧʨʦʪʦʯʥʦʡ ʚʦʜʦʧʨʦʚʦʜʥʦʡ ʚʦʜʦʡ ʚ 

ʩʣʫʯʘʝ ʬʦʨʤʘʣʠʥʘ, 70% ʵʪʘʥʦʣʦʤ ʚ ʩʣʫʯʘʝ ʞʠʜʢʦʩʪʠ ɹʫʵʥʘ ʠ 96% ʵʪʘʥʦʣʦʤ ʚ 

ʩʣʫʯʘʝ ʬʠʢʩʘʪʦʨʘ ʂʘʨʥʫʘ). ʆʙʲʝʢʪʳ, ʩʦʜʝʨʞʘʚʰʠʝ ʢʦʩʪʥʫʶ ʪʢʘʥʴ, 

ʜʝʢʘʣʴʮʠʥʠʨʦʚʘʣʠ ʚ 14% ʨʘʩʪʚʦʨʝ ʕɼʊɸ (ʨH=7,0) ʦʪ ʦʜʥʦʡ ʜʦ ʜʝʩʷʪʠ ʥʝʜʝʣʴ (ʚ 

ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʨʘʟʤʝʨʦʚ). ɿʘʪʝʤ ʦʙʨʘʟʮʳ ʜʝʛʠʜʨʘʪʠʨʦʚʘʣʠ ʚ 7 ʧʦʨʮʠʷʭ 

ʠʟʦʧʨʦʧʘʥʦʣʘ (99,7%, IsoPrep, ɹʠʦɺʠʪʨʫʤ, ʈʦʩʩʠʷ), ʧʨʦʧʠʪʳʚʘʣʠ ʚ 2 ʧʦʨʮʠʷʭ 

ʧʘʨʘʬʠʥʘ (Histomix, ɹʠʦɺʠʪʨʫʤ, ʈʦʩʩʠʷ)  ʧʦ 2 ʯʘʩʘ ʠ ʟʘʣʠʚʘʣʠ ʚ ʥʝʛʦ. ʉʨʝʟʳ (4 

ʤʢʤ) ʛʦʪʦʚʠʣʠ ʥʘ ʨʦʪʘʮʠʦʥʥʦʤ ʤʠʢʨʦʪʦʤʝ RM 2245 (Leica, Germany), ʧʦʤʝʱʘʣʠ 

ʥʘ ʧʨʝʜʤʝʪʥʳʝ ʩʪʝʢʣʘ ʠ ʦʢʨʘʰʠʚʘʣʠ ʧʦʩʣʝ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ ʜʝʧʘʨʘʬʠʥʠʨʦʚʘʥʠʷ 

ʠ ʨʝʛʠʜʨʘʪʘʮʠʠ. ɼʣʷ ʚʳʷʚʣʝʥʠʷ ʣʠʧʠʜʦʚ ʠʟ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʚ ʬʦʨʤʘʣʠʥʝ 

ʦʙʨʘʟʮʦʚ ʧʝʯʝʥʠ ʠʟʛʦʪʦʚʣʷʣʠ ʟʘʤʦʨʦʞʝʥʥʳʝ ʩʨʝʟʳ ʥʘ ʢʨʠʦʪʦʤʝ CM 1950  (Leica, 

Germany). ɺʦ ʚʩʝʭ ʩʣʫʯʘʷʭ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʟʘʜʘʯ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ 

ʤʝʪʦʜʘʤʠ ʩʨʝʟʳ ʦʙʷʟʘʪʝʣʴʥʦ ʦʢʨʘʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ ʧʦ 

ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ [ʄʝʨʢʫʣʦʚ, 1969]. ʉ ʮʝʣʴʶ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʠʟʤʝʥʝʥʠʡ 

ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʦʩʪʦʷʥʠʷʭ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʠʘʛʥʦʩʪʠʢʠ 

ʩʧʦʥʪʘʥʥʳʭ ʦʧʫʭʦʣʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʣʝʜʫʶʱʠʝ ʩʧʝʮʠʘʣʴʥʳʝ ʤʝʪʦʜʳ 

ʦʢʨʘʰʠʚʘʥʠʷ: ʧʦ ɺʘʥ ɻʠʟʦʥʫ, ʄʘʩʩʦʥʫ, ʄʘʣʣʦʨʠ (ʢʦʣʣʘʛʝʥ), ʌʫʪʫ 

(ʨʝʪʠʢʫʣʠʥʦʚʳʝ ʚʦʣʦʢʥʘ), ʊʝʥʮʝʨʫ-ʋʥʥʘ (ʵʣʘʩʪʠʥ), ʞʝʣʝʟʥʳʤ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ, 

ʬʦʩʬʦʨʥʦʚʦʣʴʬʨʘʤʦʚʳʤ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ (ʤʠʦʬʠʙʨʠʣʣʷʨʥʘʷ ʠʩʯʝʨʯʝʥʥʦʩʪʴ), 

ɻʠʤʟʘ, ɻʨʘʤʫ-ɺʝʡʛʝʨʪʫ, ɺʘʨʪʠʥ-ʉʪʘʨʨʠ, ʎʠʣʶ-ʅʠʣʴʩʝʥʫ (ʙʘʢʪʝʨʠʠ), 

ʪʦʣʫʠʜʠʥʦʚʳʤ ʩʠʥʠʤ (ʛʨʘʥʫʣʳ ʪʫʯʥʳʭ ʢʣʝʪʦʢ), ʌʦʥʪʘʥʘ-ʄʘʩʩʦʥʫ, ɻʨʠʤʝʣʠʫʩʫ, 

ʧʘʨʘʣʴʜʝʛʠʜ-ʬʫʢʩʠʥʦʤ ʧʦ ɻʦʤʦʨʠ (ʩʝʢʨʝʪʦʨʥʳʝ ʛʨʘʥʫʣʳ), ʘʣʠʟʘʨʠʥʦʚʳʤ 

ʢʨʘʩʥʳʤ, ʧʦ ʬʦʥ ʂʦʩʩʘ (ʜʝʧʦʟʠʪʳ ʩʦʣʝʡ ʢʘʣʴʮʠʷ), ʧʦ ʃʝʧʝʥʝ (ʛʝʤʦʛʣʦʙʠʥ), 

ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ-ʩʚʝʪʣʳʤ ʟʝʣʝʥʳʤ-ʩʘʬʨʘʥʠʥʦʤ ʆ (ʧʨʦʪʝʦʛʣʠʢʘʥʳ ʩʫʩʪʘʚʥʦʛʦ 
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ʭʨʷʱʘ), ʇʝʨʣʩʫ (ʛʝʤʦʩʠʜʝʨʠʥ), ʐʤʦʨʣʶ (ʣʠʧʦʬʫʩʮʠʥ), ʩʫʜʘʥʦʤ III  (ʣʠʧʠʜʳ), 

ɹʨʘʰʝ (ʩʫʤʤʘʨʥʘʷ ʈʅʂ, ʧʣʘʟʤʦʮʠʪʳ), ʨʝʘʢʪʠʚʦʤ ʐʠʬʬʘ-ʡʦʜʥʦʡ ʢʠʩʣʦʪʦʡ 

(ʐʀʂ) ʧʦ ʄʘʢ ʄʘʥʫʩʫ (ʧʦʣʠʩʘʭʘʨʠʜʳ ʠ ʩʦʜʝʨʞʘʱʠʝ ʠʭ ʩʪʨʫʢʪʫʨʳ) ʩ ʦʙʨʘʙʦʪʢʦʡ 

ʯʘʩʪʠ ʩʨʝʟʦʚ ʘʤʠʣʘʟʦʡ ʠʟ Bacillus subtilis (D-PAS) (ɹʠʦBʠʪʨʫʤ, ʈʦʩʩʠʷ), 

ʘʣʴʮʠʘʥʦʚʳʤ ʩʠʥʠʤ ʧʨʠ ʨʅ=1,0 ʠ 2,5 (ʤʫʮʠʥʳ ʠ ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ) c 

ʧʨʝʜʦʙʨʘʙʦʪʢʦʡ ʩʨʝʟʦʚ ʛʠʘʣʫʨʦʥʠʜʘʟʦʡ ʠʟ ʙʳʯʴʝʛʦ ʩʝʤʝʥʥʠʢʘ (ɹʠʦBʠʪʨʫʤ, 

ʈʦʩʩʠʷ), ʢʦʥʛʦ ʢʨʘʩʥʳʤ ʠ ʪʠʦʬʣʘʚʠʥʦʤ S ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʠʟʫʯʝʥʠʝʤ ʚ 

ʧʦʣʷʨʠʟʦʚʘʥʥʦʤ ʩʚʝʪʝ ʠ ʚ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʳʭ ʣʫʯʘʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (ʘʤʠʣʦʠʜ) 

[ʄʝʨʢʫʣʦʚ, 1969; ʃʠʣʣʠ, 1969; ʉʘʨʢʠʩʦʚ, ʇʝʨʦʚ, 1996; ʉʘʧʦʞʥʠʢʦʚ, ɼʦʨʦʩʝʚʠʯ, 

2000]. ɼʣʷ ʠʤʤʫʥʦʛʠʩʪʦʭʠʤʠʯʝʩʢʦʛʦ ʚʳʷʚʣʝʥʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʠ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ ʥʘ ʣʠʤʬʦʠʜʥʳʭ ʦʧʫʭʦʣʝʚʳʭ ʢʣʝʪʢʘʭ 

ʤʳʰʝʡ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʦʣʠʯʴʠ ʧʦʣʠʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ, ʤʝʯʝʥʥʳʝ 

ʧʝʨʦʢʩʠʜʘʟʦʡ (Dako, UK), ʧʦʩʣʝ ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʧʨʝʜʦʙʨʘʙʦʪʢʠ ʩʨʝʟʦʚ [Ward et 

al., 2006; ʂʨʠʚʦʣʘʧʦʚ, ʃʝʝʤʘʥ, 2006; Kunder et al., 2007]. ɸʧʦʧʪʦʟ 

ʚʝʨʠʬʠʮʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ TUNEL-ʤʝʪʦʜʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ TACS-XL 

In Situ Apoptosis Detection Kit - TACS Blue (Trevigen, USA) ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ 

ʬʠʨʤ -rʠʟʛʦʪʦʚʠʪʝʣʷ.  

 

2.11. ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ɻʦʪʦʚʳʝ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʧʨʝʧʘʨʘʪʳ ʠʩʩʣʝʜʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʤʠʢʨʦʩʢʦʧʘ 

AxioScope A1 (Carl Zeiss, Germany), ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʮʠʬʨʦʚʦʡ 

ʢʘʤʝʨʦʡ ʚʳʩʦʢʦʛʦ ʨʘʟʨʝʰʝʥʠʷ MRc.5 (Carl Zeiss, Germany). ɺʩʝ 

ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʚʳʧʦʣʥʷʣʠʩʴ çʩʣʝʧʳʤ ʤʝʪʦʜʦʤè ʥʘ 

ʟʘʰʠʬʨʦʚʘʥʥʳʭ ʧʨʝʧʘʨʘʪʘʭ, ʩ ʫʯʝʪʦʤ ʩʫʱʝʩʪʚʫʶʱʠʭ ʨʝʢʦʤʝʥʜʘʮʠʡ [ɸʚʪʘʥʜʠʣʦʚ, 

1990; Ward, Thoolen, 2011]. 

ɼʣʷ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʩʝʤʝʥʥʠʢʦʚ ʧʦʩʣʝ ʮʠʪʦʪʦʢʩʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʥʠʞʝʧʝʨʝʯʠʩʣʝʥʥʳʝ ʢʨʠʪʝʨʠʠ [Yeh et al.,  2007], ʢʦʪʦʨʳʝ 

ʦʧʨʝʜʝʣʷʣʠ ʥʘ ʧʦʧʝʨʝʯʥʦʤ ʩʨʝʟʝ ʯʝʨʝʟ ʮʝʥʪʨ ʦʨʛʘʥʘ:  1) ʯʠʩʣʦ ʩʝʤʝʥʥʳʭ 

ʢʘʥʘʣʴʮʝʚ; 2) ʩʨʝʜʥʠʡ ʜʠʘʤʝʪʨ ʢʘʥʘʣʴʮʝʚ (ʚ ʤʢʤ) ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ 
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AxioVision 3.0 (Carl Zeiss, Germany); 3) ʩʦʩʪʦʷʥʠʝ ʛʝʨʤʠʥʘʣʴʥʦʛʦ ʵʧʠʪʝʣʠʷ, 

ʦʮʝʥʝʥʥʦʝ ʧʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʦ (ʚ ʙʘʣʣʘʭ) ʧʦ ʧʨʝʦʙʣʘʜʘʶʱʝʡ (ʥʝ ʤʝʥʝʝ, ʯʝʤ ʚ 50% 

ʢʘʥʘʣʴʮʝʚ) ʩʪʝʧʝʥʠ ʧʦʚʨʝʞʜʝʥʠʷ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʰʢʘʣʝ: 0 ʙʘʣʣʦʚ  ï 

ʠʥʪʘʢʪʥʳʡ ʛʝʨʤʠʥʘʣʴʥʳʡ ʵʧʠʪʝʣʠʡ, ʧʨʝʜʩʪʘʚʣʝʥʳ ʚʩʝ ʢʣʝʪʦʯʥʳʝ ʢʦʤʧʘʨʪʤʝʥʪʳ; 

1 ʙʘʣʣ ï ʫʤʝʥʴʰʝʥʠʝ ʨʷʜʦʚ ʛʝʨʤʠʥʘʪʠʚʥʳʭ ʢʣʝʪʦʢ, ʪʠʧʠʯʥʘʷ ʩʪʨʘʪʠʬʠʢʘʮʠʷ 

ʩʦʭʨʘʥʝʥʘ; 2 ʙʘʣʣʘ ï ʩʫʙʪʦʪʘʣʴʥʘʷ ʛʠʙʝʣʴ ʥʝʟʨʝʣʳʭ ʵʣʝʤʝʥʪʦʚ ʩʧʝʨʤʘʪʦʛʝʥʝʟʘ, 

ʟʨʝʣʳʝ ʢʣʝʪʢʠ (ʩʧʝʨʤʘʪʦʟʦʠʜʳ ʠ ʩʧʝʨʤʘʪʠʜʳ) ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʦʭʨʘʥʥʳ; 3 ʙʘʣʣʘ ï 

ʩʫʙʪʦʪʘʣʴʥʦʝ ʠʣʠ ʪʦʪʘʣʴʥʦʝ ʨʘʟʨʫʰʝʥʠʝ ʢʘʢ ʟʨʝʣʳʭ, ʪʘʢ ʠ ʥʝʟʨʝʣʳʭ ʵʣʝʤʝʥʪʦʚ 

ʩʧʝʨʤʘʪʦʛʝʥʝʟʘ; 4 ʙʘʣʣʘ ï ʧʦʣʥʘʷ ʛʠʙʝʣʴ ʢʣʝʪʦʯʥʳʭ ʵʣʝʤʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ 

ʢʣʝʪʦʢ ʉʝʨʪʦʣʠ), ʢʦʣʣʘʧʩ ʢʘʥʘʣʴʮʝʚ, ʩʢʣʝʨʦʟ ʠ ʤʠʥʝʨʘʣʠʟʘʮʠʷ ʩʝʤʝʥʥʠʢʘ. 

ʉ ʮʝʣʴʶ ʦʮʝʥʢʠ ʩʦʩʪʦʷʥʠʷ ʧʝʯʝʥʦʯʥʦʡ ʧʘʨʝʥʭʠʤʳ ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ 

ʯʝʪʳʨʝʭʭʣʦʨʠʩʪʳʤ ʫʛʣʝʨʦʜʦʤ ʦʮʝʥʠʚʘʣʠ ʦʪʥʦʩʠʪʝʣʴʥʫʶ ʧʣʦʱʘʜʴ ʧʦʨʘʞʝʥʥʦʡ 

ʧʘʨʝʥʭʠʤʳ (ʚ 10 ʧʦʣʷʭ ʟʨʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ AxioScope A1 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʭ50 ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʳ AxioVision 3.0) ʠ  ʛʣʫʙʠʥʫ ʧʦʨʘʞʝʥʠʷ (ʩʦʛʣʘʩʥʦ ʰʢʘʣʝ, 

ʧʨʠʚʝʜʝʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 13). ʀʥʜʝʢʩ ʪʷʞʝʩʪʠ ʧʦʨʘʞʝʥʠʷ ʧʝʯʝʥʠ ʦʧʨʝʜʝʣʷʣʠ ʢʘʢ 

ʧʨʦʠʟʚʝʜʝʥʠʝ ʜʚʫʭ ʥʘʟʚʘʥʥʳʭ ʚʝʣʠʯʠʥ.  

ɺʦʩʧʘʣʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ ʦʮʝʥʠʚʘʣʠ ʧʦ ʝʝ 

ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʤʘʩʩʝ (ʢ ʤʘʩʩʝ ʪʝʣʘ, ʚ %) ʠ ʧʦ ʩʪʝʧʝʥʠ ʠʥʬʠʣʴʪʨʘʮʠʠ 

ʥʝʡʪʨʦʬʠʣʘʤʠ ʚ ʙʘʣʣʘʭ ʩʦʛʣʘʩʥʦ ʰʢʘʣʝ, ʧʦʢʘʟʘʥʥʦʡ ʥʘ ʨʠʩʫʥʢʝ 15. 

ʇʨʠ ʧʠʝʣʦʥʝʬʨʠʪʝ ʚʳʨʘʞʝʥʥʦʩʪʴ ʚʦʩʧʘʣʝʥʠʷ ʦʮʝʥʠʚʘʣʠ ʚ 10 ʧʦʣʷʭ ʟʨʝʥʠʷ 

ʤʠʢʨʦʩʢʦʧʘ AxioScope A1 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʭ400 ʦʪʜʝʣʴʥʦ ʜʣʷ ʢʦʨʢʦʚʦʛʦ, 

ʤʦʟʛʦʚʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʩʦʩʦʯʢʘ ʧʦʯʢʠ ʩʦʛʣʘʩʥʦ ʩʣʝʜʫʶʱʝʡ ʰʢʘʣʝ: 0 ï 0ï4 

ʣʝʡʢʦʮʠʪʘ ʚ ʧʦʣʝ ʟʨʝʥʠʷ; 1 ï 5 ï 50 ʣʝʡʢʦʮʠʪʦʚ ʚ ʧʦʣʝ ʟʨʝʥʠʷ; 2 ï 50-100 

ʣʝʡʢʦʮʠʪʦʚ ʚ ʧʦʣʝ ʟʨʝʥʠʷ; 3 ï ʙʦʣʝʝ 100 ʣʝʡʢʦʮʠʪʦʚ ʚ ʧʦʣʝ ʟʨʝʥʠʷ; 4 ï ʧʦʣʝ 

ʟʨʝʥʠʷ, ʟʘʥʷʪʦʝ ʛʥʦʡʥʳʤ ʩʦʜʝʨʞʠʤʳʤ ʘʙʩʮʝʩʩʘ.  

ʇʦʣʫʢʦʣʠʯʝʩʪʚʝʥʥʫʶ ʦʮʝʥʢʫ ʪʷʞʝʩʪʠ ʧʦʨʘʞʝʥʠʷ ʧʨʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʤ 

ʨʝʚʤʘʪʦʠʜʥʦʤ ʘʨʪʨʠʪʝ ʦʩʫʱʝʩʪʚʣʷʣʠ ʥʘ ʩʫʩʪʘʚʘʭ ʩʪʦʧʳ (ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʩʨʝʟʳ) ʩ 

ʧʦʤʦʱʴʶ ʯʝʪʳʨʝʭʩʪʝʧʝʥʥʦʡ ʙʘʣʣʴʥʦʡ ʩʠʩʪʝʤʳ (0-ʧʨʠʟʥʘʢ ʦʪʩʫʪʩʪʚʫʝʪ; 1 ï 

ʚʳʨʘʞʝʥ ʩʣʘʙʦ; 2 ï ʚʳʨʘʞʝʥ ʫʤʝʨʝʥʥʦ; 3 ï ʚʳʨʘʞʝʥ ʨʝʟʢʦ). ɼʣʷ ʦʮʝʥʢʠ ʙʳʣʠ 

ʚʳʙʨʘʥʳ 5 ʧʨʠʟʥʘʢʦʚ ʘʨʪʨʠʪʘ (ʠʥʬʠʣʴʪʨʘʮʠʷ ʧʝʨʠʘʨʪʠʢʫʣʷʨʥʳʭ ʪʢʘʥʝʡ, ʩʠʥʦʚʠʪ, 
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ʛʠʧʝʨʧʣʘʟʠʷ ʩʠʥʦʚʠʘʣʴʥʦʡ ʦʙʦʣʦʯʢʠ, ʜʝʩʪʨʫʢʮʠʷ ʩʫʩʪʘʚʥʦʛʦ ʭʨʷʱʘ ʠ ʢʦʩʪʥʦʡ 

ʪʢʘʥʠ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʠʥʷʪʳʤ ʚ ʣʠʪʝʨʘʪʫʨʝ ʧʦʜʭʦʜʦʤ ʢ ʦʮʝʥʢʝ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʘʨʪʨʠʪʘ ʫ ʢʨʳʩ [Li  at al., 2012]. 

ɼʣʷ ʦʮʝʥʢʠ ʨʝʧʘʨʘʪʠʚʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʦʮʝʥʠʚʘʣʠ ʩʦʢʨʘʱʝʥʠʝ ʨʘʥʝʚʦʡ 

ʧʦʚʝʨʭʥʦʩʪʠ, ʜʣʷ ʯʝʛʦ ʧʨʦʠʟʚʦʜʠʣʠ ʬʦʪʦʛʨʘʬʠʨʦʚʘʥʠʝ ʧʦʚʨʝʞʜʝʥʥʳʭ ʫʯʘʩʪʢʦʚ 

ʢʦʞʠ ʧʨʠ ʧʦʤʦʱʠ ʢʘʤʝʨʳ Casio Exilim EX-Z75 (Casio, Japan). ʇʣʦʱʘʜʴ ʨʘʥ 

ʠʟʤʝʨʷʣʠ ʥʘ ʬʦʪʦʛʨʘʬʠʷʭ,  ʧʨʠʤʝʥʷʷ ʧʨʦʛʨʘʤʤʫ ʘʥʘʣʠʟʘ ʠʟʦʙʨʘʞʝʥʠʡ ImageJ, ʚ 

ʢʘʯʝʩʪʚʝ ʦʮʝʥʠʚʘʝʤʦʛʦ ʧʦʢʘʟʘʪʝʣʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʦʪʥʦʰʝʥʠʝ ʧʣʦʱʘʜʝʡ ʥʘ ʨʘʟʥʳʭ 

ʩʪʘʜʠʷʭ ʟʘʞʠʚʣʝʥʠʷ ʢ ʠʩʭʦʜʥʦʡ ʧʣʦʱʘʜʠ, ʚʳʨʘʞʝʥʥʦʝ ʚ ʧʨʦʮʝʥʪʘʭ. ɸʥʘʣʠʟ 

ʨʘʟʚʠʪʠʷ ʛʨʘʥʫʣʷʮʠʦʥʥʦʡ ʠʣʠ ʨʫʙʮʦʚʦʡ ʪʢʘʥʠ ʧʨʦʠʟʚʦʜʠʣʠ ʥʘ 2 ʧʦʧʝʨʝʯʥʳʭ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʟʘʭ, ʧʨʦʭʦʜʷʱʠʭ ʯʝʨʝʟ ʮʝʥʪʨ ʨʘʥr, ʥʘ ʢʦʪʦʨʳʭ ʦʧʨʝʜʝʣʷʣʠ 

ʩʨʝʜʥʶʶ ʪʦʣʱʠʥʫ ʫʢʘʟʘʥʥʳʭ ʪʢʘʥʝʡ.  

ʉʪʝʧʝʥʴ ʚʦʟʨʘʩʪʥʦʡ ʛʠʧʝʨʪʨʦʬʠʠ ʤʠʦʢʘʨʜʘ ʦʮʝʥʠʚʘʣʠ ʧʦ ʤʘʩʩʝ ʩʝʨʜʮʘ, 

ʚʳʨʘʞʝʥʥʦʩʪʴ ʤʠʦʢʘʨʜʠʘʣʴʥʦʛʦ ʬʠʙʨʦʟʘ ʧʦ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʧʣʦʱʘʜʠ, ʟʘʥʠʤʘʝʤʦʡ 

ʚ ʤʠʦʢʘʨʜʝ ʚʦʣʦʢʥʘʤʠ ʢʦʣʣʘʛʝʥʘ ʥʘ ʧʨʝʧʘʨʘʪʘʭ, ʦʢʨʘʰʝʥʥʳʭ ʧʦ ʚʘʥ ɻʠʟʦʥ (10 

ʧʦʣʝʡ  ʟʨʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ AxioScope A1 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʭ400, ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤ AxioVision 3.0 ʠ Image J). ɺʳʨʘʞʝʥʥʦʩʪʴ ʚʦʟʨʘʩʪʥʳʭ ʜʠʩʧʣʘʩʪʠʯʝʩʢʠʭ ʠ 

ʤʝʪʘʧʣʘʩʪʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʩʣʝʟʥʦʡ ʞʝʣʝʟʝ ʢʨʳʩ ʦʮʝʥʠʚʘʣʠ ʚ ʪʨʝʭʙʘʣʣʴʥʦʡ 

ʩʠʩʪʝʤʝ (0 ï ʦʪʩʫʪʩʪʚʠʝ, 1 ï ʩʣʘʙʦ ʚʳʨʘʞʝʥʥʳʝ, 2 ï ʫʤʝʨʝʥʥʦ ʚʳʨʘʞʝʥʥʳʝ, 3 ï 

ʨʝʟʢʦ ʚʳʨʘʞʝʥʥʳʝ). 

 

2.12 ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʤʠʝʣʦʧʝʨʦʢʩʠʜʘʟʳ ʚ ʪʢʘʥʷʭ ʧʨʠ ʚʦʩʧʘʣʝʥʠʠ  

ʇʦʣʦʚʠʥʫ ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ (ʚ ʩʣʫʯʘʝ ʧʘʥʢʨʝʘʪʠʪʘ) ʠʣʠ ʧʦʯʢʫ (ʚ 

ʩʣʫʯʘʝ ʧʠʝʣʦʥʝʬʨʠʪʘ) ʢʨʳʩʳ  ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʚʦ ʣʴʜʫ ʚ 10 ʤʣ 50 mM ʢʘʣʠʡ-

ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (ʨʅ=6,0) ʚ ʛʦʤʦʛʝʥʠʟʘʪʦʨʝ ʇʦʪʪʝʨʘ (ʪʝʬʣʦʥ-ʩʪʝʢʣʦ). ɿʘʪʝʤ 1,5 

ʤʣ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʛʦ ʦʙʨʘʟʮʘ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 15 ʤʠʥ 14000 

ʦʙ/ʤʠʥ  ʧʨʠ  4Áʉ, ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 1 ʤʣ 50 mM ʢʘʣʠʡ-

ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ (ʨʅ=6,0), ʩʦʜʝʨʞʘʱʝʛʦ 0,5% ʉʊɸɺ (Sigma, USA). ʆʙʨʘʟʮʳ 

ʧʦʜʚʝʨʛʘʣʠ ʪʨʝʭʢʨʘʪʥʦʤʫ ʟʘʤʦʨʘʞʠʚʘʥʠʶ-ʦʪʪʘʠʚʘʥʠʶ ʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 10 
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ʤʠʥʫʪ ʧʨʠ 10,600Ĭg. ʇʝʨʝʜ ʧʨʦʚʝʜʝʥʠʝʤ ʨʝʘʢʮʠʠ ʦʙʨʘʟʮʳ ʨʘʟʚʦʜʠʣʠ ʚ ʧʷʪʴ ʨʘʟ 50 

mM ʢʘʣʠʡ-ʬʦʩʬʘʪʥʳʤ ʙʫʬʝʨʦʤ (ʨʅ=6,0), 0,5% CTAB. ɿʘʪʝʤ ʛʦʪʦʚʠʣʠ 

ʨʝʘʢʮʠʦʥʥʫʶ ʩʤʝʩʴ ʜʣʷ ʠʟʤʝʨʝʥʠʷ ʤʠʝʣʦʧʝʨʦʢʩʠʜʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ (5 ʤʛ 

ʦʨʪʦʬʝʥʠʣʝʥʜʠʘʤʠʥʘ (Sigma, USA); 10 ʤʣ ʊʀʌɸ-ʙʫʬʝʨʘ (0,1ʄ ʮʠʪʨʘʪ ʥʘʪʨʠʷ, 0,2 

ʄ Nʘ2ʅʈʆ4, ʨʅ=5,0 ʜʦʚʦʜʷʪ ʦʨʪʦʬʦʩʬʦʨʥʦʡ ʢʠʩʣʦʪʦʡ); 5 ʤʣ ʜʠʩʪʠʣʣʠʨʦʚʘʥʥʦʡ 

ʚʦʜʳ; 5,5 ʤʢʣ 30% ʅ2ʆ2). ʇʦ 150 ʤʢʣ ʨʝʘʢʮʠʦʥʥʦʡ ʩʤʝʩʠ ʧʦʤʝʱʘʣʠ ʚ 96-

ʣʫʥʦʯʥʫʶ ʧʣʘʰʢʫ ʜʣʷ ʠʤʤʫʥʦʬʝʨʤʝʥʪʥʦʛʦ ʘʥʘʣʠʟʘ ʠ ʚʥʦʩʠʣʠ ʧʦ 50 ʤʢʣ 

ʦʙʨʘʟʮʦʚ. ʇʦʩʣʝ 5 ʤʠʥʫʪ ʠʥʢʫʙʘʮʠʠ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʨʝʘʢʮʠʶ 

ʦʩʪʘʥʘʚʣʠʚʘʣʠ, ʜʦʙʘʚʣʷʷ ʚ ʢʘʞʜʫʶ ʣʫʥʢʫ ʧʦ 100 ʤʢʣ 10% ʨʘʩʪʚʦʨʘ ʩʝʨʥʦʡ 

ʢʠʩʣʦʪʳ. ʀʟʤʝʨʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 492 ʤʤ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʧʣʘʥʰʝʪʥʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʝ SPECTROstar NANO (BMG Labtech, USA). 

ʆʧʨʝʜʝʣʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʙʱʝʛʦ ʙʝʣʢʘ ʧʨʦʚʦʜʠʣʠ ʧʦ ʧʨʦʪʦʢʦʣʫ Bio-Rad 

Protein Assay (Bradford) (Bio-Rad, USA). ʇʝʨʝʜ ʠʟʤʝʨʝʥʠʝʤ ʠʩʭʦʜʥʳʝ ʦʙʨʘʟʮʳ 

ʨʘʟʚʦʜʠʣʠ ʚ 20 ʬʦʩʬʘʪʥʦ-ʩʦʣʝʚʳʤ ʙʫʬʝʨʦʤ. ɺ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʙʳʯʠʡ ʩʳʚʦʨʦʪʦʯʥʳʡ ʘʣʴʙʫʤʠʥ (ʈɸɸ Laboratories, Germany). ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

ʚʳʨʘʞʘʣʠ ʚ ʦʪʥʦʩʠʪʝʣʴʥʳʭ (ʫʩʣʦʚʥʳʭ) ʝʜʠʥʠʮʘʭ ʘʢʪʠʚʥʦʩʪʠ 

ʤʠʝʣʦʧʝʨʦʢʩʠʜʘʟʳ/ʢʦʣʠʯʝʩʪʚʦ ʦʙʱʝʛʦ ʙʝʣʢʘ. 

 

2.13 ʆʧʨʝʜʝʣʝʥʠʝ ʧʨʦʬʠʣʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʚ ʪʢʘʥʷʭ ʩʝʨʜʮʘ 

ʕʢʩʪʨʘʢʮʠʷ ʈʅʂ ʠ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʥʳʡ ʤʠʢʨʦʵʨʨʝʡ. ʈʅʂ ʙʳʣʘ ʠʟʦʣʠʨʦʚʘʥʘ ʠʟ 

ʪʢʘʥʝʡ ʩʝʨʜʮʘ (ʧʦʩʣʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ ʚ ʞʠʜʢʦʤ ʘʟʦʪʝ ʠ ʛʦʤʦʛʝʥʠʟʘʮʠʠ) ʩ 

ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ ʨʝʘʛʝʥʪʦʚ Qiagen RNeasy Mini  Kit  (Qiagen, Inc. Valencia CA), 

ʧʨʦʮʝʜʫʨʘ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ ʬʠʨʤʳ-ʧʨʦʠʟʚʦʜʠʪʝʣʷ. 

ʂʦʣʠʯʝʩʪʚʦ ʈʅʂ ʙʳʣʦ ʠʟʤʝʨʝʥʦ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ NanoDrop (Thermo Scientific 

NanoDrop Products, USA), ʘ ʢʘʯʝʩʪʚʦ ʦʮʝʥʠʚʘʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Agilent Total 

RNA 6000 chip (Agilent Technologies, USA). ʇʫʣʳ ʈʅʂ ʠʟ ʩʝʨʜʝʮ ʦʪ ʢʘʞʜʦʡ 

ʛʨʫʧʧʳ ʤʳʰʝʡ ʩʦʩʪʘʚʣʷʣʠ 1 ʤʠʢʨʦʛʨʘʤʤ ʦʯʠʱʝʥʥʦʡ ʈʅʂ. 400 ʥʘʥʦʛʨʘʤʤ 

ʩʫʤʤʘʨʥʦʡ ʈʅʂ ʙʳʣʠ ʘʤʧʣʠʬʠʮʠʨʦʚʘʥʳ ʩ ʧʦʤʦʱʴʶ ʥʘʙʦʨʘ Illumina® 

TotalPrepÊ RNA Amplification Kit  (Ambion, USA). ɸʤʧʣʠʬʠʮʠʨʦʚʘʥʥʫʶ ʈʅʂ 
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ʛʠʙʨʠʜʠʟʠʨʦʚʘʣʠ  ʚ ʩʠʩʪʝʤʝ MouseRef-8 v2.0 Expression BeadChips (Illumina, USA) 

(~25,600 RefSeq ʪʨʘʥʩʢʨʠʧʪʦʚ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʧʨʦʪʦʢʦʣʦʤ ʬʠʨʤʳ-

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʨʝʜʩʪʘʚʣʝʥʠʝ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʧʦʤʦʱʴʶ 

ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ GenomeStudio (Illumina, USA) ʠ Gene Expression 

Module. 

ʂɽɻɻ-ʘʥʘʣʠʟ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʳʭ ʧʫʪʝʡ. ʇʦʩʣʝ ʠʜʝʥʪʠʬʠʢʘʮʠʠ ʛʝʥʦʚ, ʥʘ 

ʪʨʘʥʩʢʨʠʧʮʠʶ ʢʦʪʦʨʳʭ ʟʥʘʯʠʤʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʣʦ ʚʚʝʜʝʥʠʝ SkQ1, ʠʭ ʩʧʠʩʦʢ 

ʙʳʣ ʦʙʨʘʙʦʪʘʥ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʘʟʳ ʜʘʥʥʳʭ Gene Ontology (GO) ʠ  ʘʥʘʣʠʟʘ 

ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ Kyoto Encyclopedia of Genes and Genomes (KEGG) 

(http://www.genome.jp/kegg/). ʕʪʠ ʜʚʝ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʧʨʦʮʝʜʫʨʳ ʚʳʧʦʣʥʷʣʠʩʴ (ʥʘ 

ʥʘʙʦʨʘʭ ʛʝʥʦʚ, ʪʨʘʥʩʢʨʠʧʮʠʷ ʢʦʪʦʨʳʭ ʧʦʚʳʰʘʣʘʩʴ ʠʣʠ ʧʦʥʠʞʘʣʘʩʴ ʧʦʜ 

ʜʝʡʩʪʚʠʝʤ SkQ1) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ WebGestalt 

(http://bioinfo.vanderbilt.edu/webgestalt/), ʷʚʣʷʶʱʠʡʩʷ ʯʘʩʪʴʶ ʩʠʩʪʝʤʳ Onto-Tools 

(http://vortex.cs.wayne.edu/projects.htm). ʕʪʦʪ ʧʦʜʭʦʜ ʧʦʟʚʦʣʷʝʪ ʩʨʘʚʥʠʪʴ 

ʵʢʩʧʨʝʩʩʠʶ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʛʝʥʦʚ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʦʙʨʘʟʮʘʭ ʩ ʬʦʥʦʚʦʡ 

ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ ʫ ʛʨʳʟʫʥʦʚ ʚ ʥʘʙʦʨʝ Onto-Tools ʠʣʠ ʚ ʜʨʫʛʦʤ ʦʧʨʝʜʝʣʝʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʪʝʣʝʤ ʥʘʙʦʨʝ ʛʝʥʦʚ.  ʌʫʥʢʮʠʦʥʘʣʴʥʳʡ ʢʣʘʩʪʝʨʠʥʛ ʛʝʥʦʚ ʚ GO-ʛʨʫʧʧʘʭ 

ʚʳʨʘʞʘʣʩʷ ʚ ʜʚʫʭ ʧʦʢʘʟʘʪʝʣʷʭ, ʦʧʠʩʳʚʘʶʱʠʭ ʩʪʝʧʝʥʴ ʦʙʦʛʘʱʝʥʠʷ ʥʘʙʦʨʘ ʛʝʥʦʚ  

(the degree of gene-set enrichment, R), ʪʦ ʝʩʪʴ, ʢʘʢ ʠʟʙʳʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʥʘʷ  GO-

ʛʨʫʧʧʘ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʪʝʤ, ʯʪʦ ʤʦʞʥʦ ʙʳʣʦ ʙʳ ʦʞʠʜʘʪʴ ʚ ʩʣʫʯʘʝ ʧʦʣʥʦʛʦ 

ʙʵʢʛʨʘʫʥʜʥʦʛʦ ʛʝʥʦʤʥʦʛʦ ʥʘʙʦʨʘ, ʘ ʪʘʢʞʝ ʩ ʫʯʝʪʦʤ ʚʝʨʦʷʪʥʦʩʪʠ ʩʣʫʯʘʡʥʦʛʦ 

ʦʙʦʛʘʱʝʥʠʷ ʪʘʢʦʛʦ ʥʘʙʦʨʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʦʪʩʝʯʝʥʠʝ ʥʘ ʫʨʦʚʥʝ 

ʧʦ ʤʝʥʴʰʝʡ ʤʝʨʝ ʜʚʫʭ ʛʝʥʦʚ, ʥʝʦʙʭʦʜʠʤʳʭ ʜʣʷ ʪʦʛʦ, ʯʪʦʙʳ ʧʨʝʜʩʪʘʚʣʷʪʴ GO-

ʛʨʫʧʧʫ, ʧʨʠ ʚʝʣʠʯʠʥʝ ʫʨʦʚʥʷ ʨ  ʤʝʥʴʰʝʡ ʠʣʠ ʨʘʚʥʦʡ 0,05.  ɸʥʘʣʦʛʠʯʥʳʝ ʢʨʠʪʝʨʠʠ 

ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʢʣʘʩʪʝʨʠʥʛʘ ʛʝʥʦʚ ʚ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʩʠʛʥʘʣʴʥʳʝ ʧʫʪʠ (ʧʨʦʠʟʚʝʜʝʥʥʳʝ ʠʟ KEGG). 

 

2.14 ʉʪʘʪʠʩʪʠʯʝʩʢʠʝ ʤʝʪʦʜʳ 

ʉʪʘʪʠʩʪʠʯʝʩʢʠʡ ʘʥʘʣʠʟʘ ʜʘʥʥʳʭ, ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʥʘ ʢʨʠʚʳʭ ʚʳʞʠʚʘʝʤʦʩʪʠ, 

ʧʨʦʠʟʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʂʘʧʣʘʥʘ-ʄʝʡʝʨʘ. ʇʦʢʘʟʘʪʝʣʠ ʤʘʩʩ ʦʨʛʘʥʦʚ ʚ 
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ʪʦʢʩʠʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʩʨʘʚʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʜʚʫʭʬʘʢʪʦʨʥʦʛʦ 

ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ ʩ ʘʧʦʩʪʝʨʠʦʨʥʳʤ ʩʨʘʚʥʝʥʠʝʤ ʧʦ ɼʘʥʥʝʪʫ (ʬʘʢʪʦʨʳ: ʜʦʟʘ 

SkQ1 ʠ ʜʣʠʪʝʣʴʥʦʩʪʴ ʢʫʨʩʘ ʚʚʝʜʝʥʠʷ), ʘ ʪʘʢʞʝ ʪʝʩʪʦʤ ʉʪʴʶʜʝʥʪʘ, ʩ ʧʦʧʨʘʚʢʦʡ ʥʘ 

ʧʦʧʘʨʥʳʝ ʩʨʘʚʥʝʥʠʷ. ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʦʪʜʝʣʴʥʦ ʜʣʷ 

ʩʘʤʦʢ ʠ ʩʘʤʮʦʚ. ʂʨʠʚʫʶ ʜʦʟʘ-ʵʬʬʝʢʪ ʜʣʷ ʜʘʥʥʳʭ ʦ ʧʘʜʝʞʝ ʞʠʚʦʪʥʳʭ 

ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʤʝʪʦʜʦʤ ʧʨʦʙʠʪ-ʘʥʘʣʠʟʘ. ʇʨʠ ʘʥʘʣʠʟʝ ʯʘʩʪʦʪ ʚʩʪʨʝʯʘʝʤʦʩʪʠ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʧʨʠʟʥʘʢʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʨʠʪʝʨʠʡ ˔2 ʌʠʰʝʨʘ. ʇʨʦʯʠʝ ʢʦʣʠʯʝʩʪʚʝʥʥʳʝ 

ʜʘʥʥʳʝ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʠ ʥʝʧʘʨʘʤʝʪʨʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ 

(ʉʪʴʶʜʝʥʪʘ, ɺʠʣʢʦʢʩʦʥʘ-ʄʘʥ-ʋʠʪʥʠ ʩ ʧʨʠʤʝʥʝʥʠʝʤ ʧʦʧʨʘʚʢʠ ɹʦʥʬʝʨʨʦʥʠ ʥʘ 

ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʩʨʘʚʥʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʘ ʂʨʘʩʢʘʣʘ-ʋʦʣʣʝʩʘ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ʨʘʥʛʦʚʦʡ ʢʦʨʨʝʣʷʮʠʠ ʉʧʠʨʤʝʥʘ). ɼʘʥʥʳʝ, ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʭ ʭʘʨʘʢʪʝʨʘ, 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ (ʄ), ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ ʦʰʠʙʢʠ 

ʩʨʝʜʥʝʛʦ (M±m) ʠʣʠ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ ʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʦʪʢʣʦʥʝʥʠʷ (M±SD). ɿʘ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʡ ʧʨʠʥʠʤʘʣʠ ʫʨʦʚʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ p<0.05. ɼʣʷ 

ʚʳʧʦʣʥʝʥʠʷ ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʧʦʩʪʨʦʝʥʠʷ ʜʠʘʛʨʘʤʤ 

ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʪʘʥʜʘʨʪʥʳʝ ʧʘʢʝʪʳ ʧʨʦʛʨʘʤʤ ï SAS, GraphPad Prism 5.0 ʠ Statistica 

6.0.  

 

2.15 ɹʠʦʵʪʠʯʝʩʢʠʝ ʘʩʧʝʢʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺʩʝ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʝ ʧʨʦʮʝʜʫʨʳ ʠ ʫʩʣʦʚʠʷ ʩʦʜʝʨʞʘʥʠʷ ʛʨʳʟʫʥʦʚ ʦʪʚʝʯʘʣʠ 

ʵʪʠʯʝʩʢʠʤ ʧʨʘʚʠʣʘʤ ʨʘʙʦʪʳ ʩ ʣʘʙʦʨʘʪʦʨʥʳʤʠ ʞʠʚʦʪʥʳʤʠ, ʚ ʪʦʤ ʯʠʩʣʝ 

ɽʚʨʦʧʝʡʩʢʦʡ ʜʠʨʝʢʪʠʚʝ FELASA-2010, ʘ ʪʘʢʞʝ ʧʨʦʪʦʢʦʣʘʤ, ʫʪʚʝʨʞʜʝʥʥʳʤ 

ʢʦʤʠʩʩʠʷʤʠ ʧʦ ʙʠʦʵʪʠʢʝ ʪʝʭ ʫʯʨʝʞʜʝʥʠʡ, ʚ ʢʦʪʦʨʳʭ ʚʳʧʦʣʥʷʣʠʩʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

(ʅʀʀ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʦʡ ʙʠʦʣʦʛʠʠ ʠʤ. ɸ.ʅ.ɹʝʣʦʟʝʨʩʢʦʛʦ, ʅʀʀ ʄʠʪʦʠʥʞʝʥʝʨʠʠ, 

ɹʠʦʣʦʛʠʯʝʩʢʦʛʦ ʬʘʢʫʣʴʪʝʪʘ ʄɻʋ ʠʤ. ʄ.ɺ.ʃʦʤʦʥʦʩʦʚʘ (ʄʦʩʢʚʘ), ʀʥʩʪʠʪʫʪʘ 

ʙʠʦʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʈɸʅ ʠʤ. ʄ.ʄ. ʐʝʤʷʢʠʥʘ ʠ ʖ.ɸ. ʆʚʯʠʥʥʠʢʦʚʘ (ʄʦʩʢʚʘ), 

Wenner-Gren Institute (ʉʪʦʢʛʦʣʴʤ), ʀʥʩʪʠʪʫʪʘ ʩʠʩʪʝʤʘʪʠʢʠ ʠ ʵʢʦʣʦʛʠʠ ʞʠʚʦʪʥʳʭ 

ʉʆ ʈɸʅ, ʀʥʩʪʠʪʫʪʘ ʮʠʪʦʣʦʛʠʠ ʠ ʛʝʥʝʪʠʢʠ (ʅʦʚʦʩʠʙʠʨʩʢ), ʀʥʩʪʠʪʫʪʘ ʵʢʦʣʦʛʠʠ ʠ 

ʵʚʦʣʶʮʠʠ ʠʤ. ɸ.ʅ. ʉʝʚʝʨʮʦʚʘ (ʄʦʩʢʚʘ)).  ɼʠʟʘʡʥ ʠ ʧʣʘʥʳ ʚʩʝʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 



104 
 

ʧʨʦʭʦʜʠʣʠ ʵʢʩʧʝʨʪʠʟʫ ʠ ʫʪʚʝʨʞʜʝʥʠʝ ʙʠʦʵʪʠʯʝʩʢʠʤʠ ʢʦʤʠʩʩʠʷʤʠ ʥʘʟʚʘʥʥʳʭ 

ʫʯʨʝʞʜʝʥʠʡ. 

 

2.16 ɼʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʠʟʘʡʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʚʠʜʝ ʦʙʱʝʡ ʩʭʝʤʳ, ʜʘʶʱʝʡ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ 

ʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʨʘʙʦʪʳ ʠ ʩʫʤʤʠʨʫʶʱʝʡ ʠʥʬʦʨʤʘʮʠʶ ʦ ʤʘʪʝʨʠʘʣʝ 

ʜʠʩʩʝʨʪʘʮʠʠ, ʧʨʝʜʩʪʘʚʣʝʥ ʥʘ ʨʠʩʫʥʢʝ 3. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʈʠʩʫʥʦʢ 3 ï ʆʙʱʘʷ ʩʭʝʤʘ ʜʠʟʘʡʥʘ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ˮ˿˿˶˩˨˻ˤˢ˹ˮ˩ ̏̅̅˩˴́˻ˤ ˸ˮ́˻̆˻˹˨˾ˮˢ˶̎˹˻-˹ˢ˽˾ˢˤ˶˩˹˹̍̆ ˢ˹́ˮ˻˴˿ˮ˨ˢ˹́˻ˤ όSkQ1, SkQR1) 

ˮ˭̂̉˩˹ˮ˩ ˽˻́˩˹̇ˮˢ˶̎˹˻˥˻ 

˻ˣ̋˩˥˻ ́˻˴˿ˮ̉˩˿˴˻˥˻ ˨˩˯˿́ˤˮ̒ 

SkQ1 

ˮ˭̂̉˩˹ˮ˩ ˤ˶ˮ̒˹ˮ̒ ˹ˢ ˽˾˻˨˻˶ˬˮ́˩˶̎˹˻˿́̎ ˬˮ˭˹ˮ 

ό˥˩˾˻˽˾˻́˩˴́˻˾˹ˢ̒ ˢ˴́ˮˤ˹˻˿́̎ύ 

ˮ˭̂̉˩˹ˮ˩ ̏̅̅˩˴́ˮˤ˹˻˿́ˮ ˤ ˻́˹˻̊˩˹ˮˮ ˻ˣ̋˩˽ˢ́˻˶˻˥ˮ̉˩˿˴ˮ̆ ˽˾˻̇˩˿˿˻ˤ ˤ 

̂˿˶˻ˤˮ̒̆ ̏˴˿˽˩˾ˮ˸˩˹́ˢ 

͔͙͍͙͔́ͫͭͪͦ͊ͤ 

͚ͦͫͭͪͦ 

͙ͭͦͫ͟;͙ͤͦͫͭ 

SkQм ͙ͨͪ 

͍͙͍͔ͤͯͭͪͤͤͦͣ 

͍͍͔͔͙͙͒ͤ 

ͪ͊ͤ͘·ͻ ͒ͦ͘ ͤ͊ 

ͪ͟·ͫ͊ͻ-ͫ͊ͣͼ͊ͻ 

ˤ͙ͫͭ͊ͪ (N=67, 7 

͎ͪͯͨͨύ 

͔͙͍͙͔́ͫͭͪͦ͊ͤ 

ͻ͙ͪͦͤ;͔͚ͫͦ͟ 

͙ͭͦͫ͟;͙ͤͦͫͭ SkQ1 

͙ͨͪ ͔ͨͪͦͪ͊͡Έͤͦͣ 

͍͍͔͔͙͙͒ͤ 

͙ͣ͊ͫͣ͊͟͡Έͤ·ͻ 

͔ͨͦͭͤͼ͙͊͡Έͤ·ͻ 

͔͔͍͙ͭͪ͊ͨͭ;͔͙ͫ͟ͻ 

͒ͦ͘ (плл ͙ нллл 

ͤͣͦ͡Έκ͎͟ ͍ ͙ͫͯͭ͟) ͤ ͊ 

ͫ͊ͣͼ͍ͦ ͙ ͫ͊ͣͦ͟ 

ͪ͟·ͫ ˤ͙ͫͭ͊ͪ ;͔͔ͪ͘ 

ͪ͊ͤ͘·͔ ͙ͫͪͦ͟ ͔ͨͦͫ͡ 

ͤ͊;͊͊͡ ͍͍͔͔͙͒ͤΎ 

͍͔΅͔͍ͫͭ͊  όлΣ пΣ у 

͔͔ͤ͒͡Έ ͙ у ͔͔ͤ͒͡Έ Ҍ 

2-ͻ ͔͔ͤ͒͡Έͤ·ͻ 

͔͔ͨͪͪ·͍ ς N=153, 21 

͎ͪͯͨͨ͊) 

˸͙͊ͪͦͫͦͨ͟͟;͔͙͚ͫ͟ ͙ 

͙͙ͣͪͦͫͦͨ͟͟;͔͙͚ͫ͟ ͊ ͙ͤ͊͘͡ ͙͔͔͙͚ͣͤͤ͘ 

͎͍ͦͪ͊ͤͦ ͙ ͔͚ͭ͊ͤ͟ ͍ͨ͊΄͙ͻ ͙ 

Ή͍͙͍ͭ͊ͤ͊ͪͦ͊ͤͤ͘·ͻ ͙͍͗ͦͭͤ·ͻ (N=220, 

21 ͎ ͪͯͨͨ͊ύ 

˻͔͔͔͙͔ͨͪ͒ͤ͡ 

͔ͭ͊͡͡Έͤ·ͻ ͒ͦ͘ 

ό͙͙ͣͤͣ͊͡Έ͚ͤͦ 

˶˨Σ ˶˨млΣ 

˶˨рлΣ ˶˨мллύ 

(N=67, 7 

͎ͪͯͨͨύ 

  

 

͔͙͍͙͔́ͫͭͪͦ͊ͤ 

͍͙͡Ύ͙ͤΎ SkQм ͤ͊ 

͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ 

͙͙͗ͤ͘  ͫ͊ͣͼ͍ͦ ͙ 

ͫ͊ͣͦ͟ ͙͔͚ͤͤ͡·ͻ 

ͣ·΄͔͚ ό˿ртBL/6, 

N=34, 2 ͎ ͪͯͨͨ·Σ 

BALB/ c, N=436, 6 

͎ͪͯͨͨύΣ ͙ͦ͋ͭ͊Ό΅͙ͻ ͍ 

͍͙ͯͫͦ͡Ύͻ SPF-

͍͙͍͙͊ͪΎ 

͔͙͍͙͔́ͫͭͪͦ͊ͤ 

͍͙͡Ύ͙ͤΎ SkQм ͤ͊ 

͙͔ͨͪͦ͒ͦ͗ͭ͡͡ΈͤͦͫͭΈ 

͙͙͗ͤ͘ ͫ͊ͣͼ͍ͦ ͙ 

ͫ͊ͣͦ͟ ͙͙͒͟ͻ 

͎ͪ·͍ͯͤͦ͘ 

όͦ͋·͍͔ͤͦͤͤ͊͟Ύ 

͔ͫͨͯ͡΄ͦͤ͊͟,N=96, 4 

͎ͪͯͨͨ·Σ ͻͦͣΎ;ͦ͟ 

˴Ή͔ͣͨ͋͊͡͡, N=153, 6 

͎ͪͯͨͨύ ͍ ͍͙ͯͫͦ͡Ύͻ 

͙͙ͦ͋ͭ͊ͤΎΣ 

͙͙͔ͨͪ͋͗ͤͤ͡·ͻ ͟ 

͔͔͍͔ͫͭͫͭͤͤ·ͣ 

ˮͯ͘;͔͙͔ͤ ͙͔͔͙ͣͤͤ͘Ύ ͔ͫͨͭͪ͊͟ ͚ͫͨͦͤͭ͊ͤͤͦ 

͎͙͙ͨ͊ͭͦͦ͡ ͊͟͟ ͍͚ͦͣͦ͗ͤͦ͘ ͙ͨͪ;͙ͤ·   

͍͔͙ͯ͡;͔͙ͤΎ ͙͔ͨͪͦ͒ͦ͗ͭ͡͡Έ͙ͤͦͫͭ ͙͙͗ͤ͘ ͨͦ͒ 

͍͙͡Ύ͙͔ͤͣ SkQм όͨ͊ͭͦͣͦͪͺ͎͙ͦͦ͡;͔͔ͫͦ͟ 

͙͔͍͙͔ͫͫ͒ͦ͊ͤ͡ ͍ͨ͊΄͙ͻ ͙ Ή͍͙͍ͭ͊ͤ͊ͪͦ͊ͤͤ͘·ͻ 

͙͍͗ͦͭͤ·ͻ, N=486, 18 ͎ ͪͯͨͨ)  

͔͙͍͙͔́ͫͭͪͦ͊ͤ ͍͙͡Ύ͙ͤΎ SkQ1 

ͤ͊ Ή͔͙ͫͨͪͫͫ͟Ό ͎͔͍ͤͦ ͍ 

͔ͫͪ͒ͼ͔ ͣ·΄͔͚ BALB/ c ͍  

͍ͫΎ͙͘ ͫ ͍͙͍ͪ͊͊͘Ό΅͙͙ͣͫΎ ͍ 

͔ͤͣ ͍ͦͪ͊ͫͭͤ͘·͙ͣ 

͎͙ͨ͊ͭͦͦ͡;͔͙͙ͫͣ͟ 
͙͔͔͙ͣͤͤ͘Ύ͙ͣ (N=28, 4 

͎ͪͯͨͨ·ύ 

͔͙͍͙͔́ͫͭͪͦ͊ͤ ͍͙͡Ύ͙ͤΎ 

SkQм ͤ͊ ͊͡Έ͔͙͍ͭͪ͊ͭͤ·͔ 

ͨͪͦͼ͔ͫͫ· 

͔͙͍͙͔́ͫͭͪͦ͊ͤ ͍͙͡Ύ͙ͤΎ SkQм ͤ͊ ͔ͦͣͨͤͫ͊ͭͦͪͤͦ͟-

͙͙͔ͨͪͫͨͦͫͦ͋ͭ͡Έͤ·͔ ͨͪͦͼ͔ͫͫ· ͙  ͊ͭͪͦͺ͙Ό 

͔͙͍͙͔́ͫͭͪͦ͊ͤ 

͍͙͡Ύ͙ͤΎ SkQм ͙  

SkQRм ͤ͊ ͍͔͙͔ͦͫͨ͊ͤ͡ 

͔͙͍͙͔́ͫͭͪͦ͊ͤ 

͍͙͡Ύ͙ͤΎ SkQм ͤ͊ 

ͦͨͯͻ͔͍ͦ͡·͚ ͪͦͫͭ 

ˤͦ ͪ͊ͫͭͤ͘·͔ 

͎͙͔ͨͪͭͪͦͺ͙Ύ 

͙ ͺ͙͋ͪͦ͘ ͍ 

͙͔ͣͦ͊ͪ͒͟ 

ͫ͊ͣͦ͟ ͣ·΄͔͚ 

BALB/ c ͍ 

(N=59, 4 

͎ͪͯͨͨ·ύ 

˾͔͎͔͔ͤͪ͊ͼ͙Ύ 

͙ͦ͗͟ ͔ͨͦͫ͡ 

͔ͣͻ͙͊ͤ;͔͚ͫͦ͟ 

͍ͭͪ͊ͣ· ͯ 

ͫͭ͊ͪ·ͻ ͣ·΄͔͚ 

˿ˤˢͻ˿ртBL/ 6 

F1 (N=34, 3 

͎ͪͯͨͨ·) ͙  

db/db (N=22, 3 

͎ͪͯͨͨ·ύ 

ˤͦ ͪ͊ͫͭͤ͘·͔ 

͔͙ͣͭ͊ͨ͊͘͡Ύ 

͙ ͙͙͒ͫͨ͊͘͡Ύ 

͍ ͔͚ͫͤͦ͘͡ 

͔͔͔͗͘͡ 18-

͔ͣͫΎ;ͤ·ͻ 

ͫ͊ͣͦ͟ ͪ͟·ͫ 

ˤ͙ͫͭ͊ͪ 

(N=17, 2 

͎ͪͯͨͨ·ύ 

ˣ͍͚ͦͦͦ͟ 

͙͊ͣͦͭͪͦͺ͙;͔͙͚ͫ͟ 

͔ͫͪͦ͘͟͡ όͣ·΄͙ 
B6SJL-Tg(SOD1-

G93A)dl1Gur/ J) 

(N=84, 8 ͎ ͪͯͨͨύ 

 

ˢ͔͙ͫͨͭ;͔͔ͫͦ͟ 

Ή͙͍͔ͫͫͯ͒͊ͭͤͦ͟ 

͍͔͙͔ͦͫͨ͊ͤ͡ 

ό͎͙͙͍͊ͪͤͤͦ·͚ 

͔͙ͨ͊ͤͪ͊ͭͭ͟ ͯ 

ͪ͟·ͫ ˤ͙ͫͭ͊ͪΣ 

N=39, 4 ͎ ͪͯͨͨ·ύ 

ˣ͔͙͊ͭͪ͊͟͡Έ͔ͤͦ 

Ή͙͍͔ͫͫͯ͒͊ͭͤͦ͟ 

͍͔͙͔ͦͫͨ͊ͤ͡ 

ό͔͙͋͊ͭͪ͊͟͡Έͤ·͚ 

͙͔͔ͨͦͤ͡ͺ͙ͪͭ ͯ  

ͪ͟·ͫ ˤ͙ͫͭ͊ͪΣ 

NҐпрΣ о ͎ͪͯͨͨ·ύ 

ˢ͙͔ͯͭͦͣͣͯͤͤͦ ͙͍͔ͨͪͦ͒ͯͭͤͦ͟ ͍͔͙͔ͦͫͨ͊ͤ͡ ό͎͔ͦ͊ͤ͟͡͡-

͙ͤ͒ͯͼ͙͍ͪͦ͊ͤͤ·͚ ͔͍͙ͪͣ͊ͭͦ͒ͤ·͚ ͙͊ͪͭͪͭ ͯ ͫ͊ͣͦ͟ ͪ͟·ͫ 

ˤ͙ͫͭ͊ͪ, N=трΣ р ͎ͪͯͨͨύ 

CCl4-

͙ͤ͒ͯͼ͙͍ͪͦ͊ͤͤ͊Ύ 

͙ͭͦͫ͟;͔ͫ͊͟Ύ 

͙͒ͫͭͪͦͺ͙Ύ 

͔ͨ;͔͙ͤ όͣ·΄͙-

͙ͫ͊ͣ͟ ˿ртBl/6) 

(N=91, 10 ͎ ͪͯͨͨύ 

˿ͨͦͤͭ͊ͤͤ·͔ 

ͦͨͯͻ͙ͦ͡ ͯ 

ͫ͊ͣͼ͍ͦ ͙ ͫ͊ͣͦ͟ 

͔͙͔͚ͤͤͤ͡·ͻ 

͎ͪ·͍ͯͤͦ͘ 

ό͔ͫͨͯ͡΄ͦͤ͊͟ 

ͦ͋·͍͔ͤͦͤͤ͊͟ΎΣ 

N=96, 4 ͎ ͪͯͨͨ·Σ 

͙ ͻͦͣΎ;ͦ͟ 

˴Ή͔ͣͨ͋͊͡͡Σ 

N=141, 6 ͎ ͪͯͨͨύ  

˿ͨͦͤͭ͊ͤͤ·͔ 

ͦͨͯͻ͙ͦ͡ ͯ 

ͫ͊ͣͼ͍ͦ ͙ 

ͫ͊ͣͦ͟ 

͙͔͚ͤͤ͡·ͻ 

ͣ·΄͔͚ BALB/ c 

(N=291,  6 

͎ͪͯͨͨύΣ B6SJL-

Tg(SOD1-

G93A)dl1Gur/ J 

(NҐупΣ у ͎ͪͯͨͨύ 

 ͙C57BL/6 

(N=34, 2 

͎ͪͯͨͨ·ύ 

˨͙ͦͫͦͪͯ͋͟ͼ͙ͤ-

͙ͤ͒ͯͼ͙͍͔ͪͦ͊ͤͤͦ 

ͼ͙͙ͭͦͫͭ͊ͭ;͔͔ͫͦ͟ 

͔͙͔ͨͦͪ͊͗ͤ 

͔͔͙͍ͫͣͤͤͦ͟ 

όͣ·΄͙-ͫ͊ͣͼ· 

BALB/ c) (N=60 (45), 

6 ͎ ͪͯͨͨύ 



ɻʃɸɺɸ 3. 

ʈɽɿʋʃʔʊɸʊʓ ʀʉʉʃɽɼʆɺɸʅʀʁ 

3.1. ʊʦʢʩʠʢʦʣʦʛʠʯʝʩʢʘʷ ʧʘʪʦʣʦʛʠʷ SkQ1 

3.1.1. ʀʟʤʝʥʝʥʠʷ, ʚʳʟʚʘʥʥʳʝ ʦʩʪʨʦʡ ʠʥʪʦʢʩʠʢʘʮʠʝʡ SkQ1 

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʦʙʱʝʡ ʪʦʢʩʠʯʥʦʩʪʠ SkQ1 ʢʘʢ ʧʦʪʝʥʮʠʘʣʴʥʦʡ 

ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʩʫʙʩʪʘʥʮʠʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʨʝʘʢʮʠʠ ʣʘʙʦʨʘʪʦʨʥʳʭ 

ʢʨʳʩ ʥʘ ʚʥʫʪʨʠʚʝʥʥʦʝ ʚʚʝʜʝʥʠʝ ʨʘʟʥʳʭ ʝʛʦ ʜʦʟ. 

ɼʘʥʥʳʝ ʦ ʢʦʣʠʯʝʩʪʚʝ ʧʘʚʰʠʭ ʞʠʚʦʪʥʳʭ ʠ ʚʨʝʤʝʥʠ ʛʠʙʝʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʤʦʤʝʥʪʘ ʚʚʝʜʝʥʠʷ SkQ1 ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 4. 

ʊʘʙʣʠʮʘ 4 ï ʇʘʜʝʞ ʢʨʳʩ ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʨʘʟʥʳʭ ʜʦʟ SkQ1 

ɼʦʟʘ, ʤʛ/ʢʛ 0 1 5 7,5 10 15 30 

ʂʦʣʠʯʝʩʪʚʦ 

ʢʨʳʩ: 

ʧʘʣʦ/ʚʩʝʛʦ 

0/10 0/9 2/10 1/9 6/10 7/10 9/9 

ɺʨʝʤʷ ʩʤʝʨʪʠ, 

ʤʠʥʫʪʳ 
- - 150 15 

12,7 

±2,5 

11,8 

±1,5 

5,3 

±0,9 

 

ʆʩʥʦʚʳʚʘʷʩʴ ʥʘ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ, ʙʳʣʠ ʨʘʩʩʯʠʪʘʥʳ ʩʣʝʜʫʶʱʠʝ 

ʧʘʨʘʤʝʪʨʳ ʢʨʠʚʦʡ ʜʦʟʘ-ʵʬʬʝʢʪ: 

ʃɼ50-10,4 (7,6-14,4) ʤʛ/ʢʛ (16,9 (12,3-23,3) ʤʢʤʦʣʴ/ʢʛ); 

ʃɼ10ï4,4ʤʛ/ʢʛ (7,1 ʤʢʤʦʣʴ/ʢʛ); 

ʃɼ16ï5,3ʤʛ/ʢʛ (8,6 ʤʢʤʦʣʴ/ʢʛ); 

ʃɼ84 ï 20,2 ʤʛ/ʢʛ (32,7 ʤʢʤʦʣʴ/ʢʛ). 

ʊʝʨʤʠʥʘʣʴʥʦʝ ʩʦʩʪʦʷʥʠʝ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʧʘʚʰʠʭ ʞʠʚʦʪʥʳʭ ʨʘʟʚʠʚʘʣʦʩʴ ʚ 

ʪʝʯʝʥʠʝ ʤʠʥʫʪ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚʝʱʝʩʪʚʘ (ʪʘʙʣʠʮʘ 4). ʅʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʧʝʨʝʜ 

ʨʘʟʚʠʪʠʝʤ ʘʛʦʥʠʠ ʫ ʢʨʳʩ ʥʝʥʘʜʦʣʛʦ ʧʦʚʳʰʘʣʘʩʴ ʜʚʠʛʘʪʝʣʴʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʦʥʠ 

ʩʦʚʝʨʰʘʣʠ ʥʝʩʢʦʣʴʢʦ ʧʨʦʙʝʞʝʢ ʧʦ ʢʘʤʝʨʝ. ɸʛʦʥʠʷ ʜʣʠʣʘʩʴ 1-2 ʤʠʥʫʪʳ. 

ɼʳʭʘʪʝʣʴʥʳʝ ʜʚʠʞʝʥʠʷ ʙʳʣʠ ʟʘʪʨʫʜʥʝʥʳ, ʩʪʘʥʦʚʠʣʠʩʴ ʙʦʣʝʝ ʨʝʜʢʠʤʠ ʠ 
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ʛʣʫʙʦʢʠʤʠ ʠ ʟʘʪʝʤ ʦʩʪʘʥʘʚʣʠʚʘʣʠʩʴ. ʉʝʨʜʮʝ ʧʨʦʜʦʣʞʘʣʦ ʙʠʪʴʩʷ, ʩʝʨʜʝʯʥʳʝ 

ʩʦʢʨʘʱʝʥʠʷ ʙʳʣʠ ʫʨʝʞʝʥʳ, ʩʠʣʦʡ ʚʳʰʝ, ʯʝʤ ʦʙʳʯʥʳʝ. ɿʘʪʝʤ ʩʣʝʜʦʚʘʣʠ 2-3, 

ʠʥʦʛʜʘ ʥʝʩʢʦʣʴʢʦ, ʙʝʩʧʦʨʷʜʦʯʥʳʭ ʜʳʭʘʪʝʣʴʥʳʭ ʜʚʠʞʝʥʠʷ, ʧʦʩʣʝ ʯʝʛʦ 

ʦʩʪʘʥʘʚʣʠʚʘʣʦʩʴ ʩʝʨʜʮʝ. ɸʛʦʥʠʷ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ 

ʤʦʯʝʠʩʧʫʩʢʘʥʠʝʤ, ʜʝʬʝʢʘʮʠʠ ʥʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʠʟʦ ʨʪʘ ʠ 

ʥʦʩʘ ʦʪʜʝʣʷʣʘʩʴ ʨʦʟʦʚʘʪʘʷ ʧʝʥʘ.  

ʅʘʙʣʶʜʝʥʠʝ ʟʘ ʞʠʚʦʪʥʳʤʠ ʜʣʠʣʦʩʴ 14 ʩʫʪʦʢ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚʝʱʝʩʪʚ ʠ 

ʚʢʣʶʯʘʣʦ ʝʞʝʜʥʝʚʥʳʡ ʦʩʤʦʪʨ. ɻʠʙʝʣʴ ʢʨʳʩ ʧʦʩʣʝ ʧʝʨʚʳʭ ʩʫʪʦʢ ʥʝ ʦʪʤʝʯʝʥʘ. ʇʨʠ 

ʦʩʤʦʪʨʝ ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʚʰʠʭ ʙʦʣʴʰʠʝ ʜʦʟʳ SkQ1 (7,5, 10 ʠ 15 ʤʛ/ʢʛ) 

ʥʘʙʣʶʜʘʣʠʩʴ ʚʷʣʦʩʪʴ, ʰʝʨʩʪʴ ʯʘʩʪʦ ʙʳʣʘ ʚʟʲʝʨʦʰʝʥʘ, ʠʥʦʛʜʘ ʠʤʝʣʘ ʥʝʦʧʨʷʪʥʳʡ 

ʚʠʜ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʥʘʨʫʞʠʚʘʣʠ  ʙʫʨʳʝ ʚʳʜʝʣʝʥʠʷ ʠʟ ʥʦʩʦʚʳʭ ʭʦʜʦʚ, ʚ 

ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ï ʙʫʨʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʚʦʢʨʫʛ ʛʣʘʟ. ʇʨʠ ʜʳʭʘʥʠʠ ʙʳʣʠ ʩʣʳʰʥʳ 

ʭʨʠʧʳ. ɺʳʨʘʞʝʥʥʦʩʪʴ ʵʪʠʭ ʧʨʦʷʚʣʝʥʠʡ ʧʦʩʪʝʧʝʥʥʦ ʩʥʠʞʘʣʘʩʴ ʠ ʢ ʢʦʥʮʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘ ʞʠʚʦʪʥʳʝ, ʧʦʣʫʯʘʚʰʠʝ SkQ1, ʥʝ ʦʪʣʠʯʘʣʠʩʴ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʢʨʳʩ. 

 

3.1.1.1 ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʨʫʧʦʚ ʥʘ ʥʝʢʨʦʧʩʠʠ 

ɺʥʝʰʥʠʡ ʦʩʤʦʪʨ. ʐʝʨʩʪʴ ʧʘʚʰʠʭ ʞʠʚʦʪʥʳʭ ʙʳʣʘ ʯʠʩʪʦʡ ʠ ʛʣʘʜʢʦʡ. ʂʦʞʘ 

ʧʦʜʦʰʚʝʥʥʦʡ ʯʘʩʪʠ ʩʪʦʧʳ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʩʣʫʯʘʷʭ ʙʳʣʘ 

ʙʣʝʜʥʘʷ, ʧʦʯʪʠ ʙʝʣʘʷ. ʅʘʧʨʦʪʠʚ, ʢʦʞʘ ʤʦʰʦʥʢʠ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʞʠʚʦʪʥʳʭ ʠʤʝʣʘ 

ʠʥʪʝʥʩʠʚʥʦ-ʨʦʟʦʚʫʶ ʦʢʨʘʩʢʫ. ʂʦʥʲʶʥʢʪʠʚʘ ʛʣʘʟ ʫ ʧʦʣʦʚʠʥʳ ʧʘʚʰʠʭ ʢʨʳʩ ʙʳʣʘ 

ʙʣʝʜʥʦʡ, ʫ ʜʨʫʛʦʡ ʧʦʣʦʚʠʥʳ ï ʚʳʨʘʞʝʥʦ ʧʦʢʨʘʩʥʝʚʰʘʷ. ʆʙʣʘʩʪʴ ʥʦʟʜʨʝʡ ʫ 

ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʳʩ ʙʳʣʘ ʧʦʢʨʳʪʘ ʧʝʥʠʩʪʳʤʠ ʚʳʜʝʣʝʥʠʷʤʠ ʩ ʧʨʠʤʝʩʴʶ ʢʨʦʚʠ. ɺ 

ʦʪʜʝʣʴʥʳʭ ʩʣʫʯʘʷʭ ʦʪʤʝʯʝʥʦ ʚʳʜʝʣʝʥʠʝ ʨʦʟʦʚʘʪʦʡ ʧʝʥʳ ʠʟ ʨʦʪʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ. 

ʉʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʧʦʣʦʩʪʠ ʨʪʘ ʯʘʰʝ ʘʥʝʤʠʯʥʘ, ʨʝʞʝ ï ʥʦʨʤʘʣʴʥʦʡ ʦʢʨʘʩʢʠ. 

ɸʥʫʩ ʙʳʣ ʣʠʙʦ ʩʦʤʢʥʫʪ, ʣʠʙʦ ʟʠʷʣ. 

ʇʨʠ ʨʘʟʨʝʟʝ ʧʦ ʙʝʣʦʡ ʣʠʥʠʠ ʞʠʚʦʪʘ ʦʙʥʘʨʫʞʠʚʘʣʠ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʝ 

ʦʪʩʫʪʩʪʚʠʝ ʞʠʨʦʚʦʡ ʢʣʝʪʯʘʪʢʠ, ʯʪʦ ʥʦʨʤʘʣʴʥʦ ʜʣʷ ʞʠʚʦʪʥʳʭ ʜʘʥʥʦʛʦ ʚʠʜʘ ʠ 

ʚʦʟʨʘʩʪʘ. ʄʫʩʢʫʣʘʪʫʨʘ ʙʳʣʘ ʚʳʨʘʞʝʥʦ ʘʥʝʤʠʯʥʘ. 
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ʇʦʜʢʦʞʥʳʝ ʣʠʤʬʦʫʟʣʳ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʢʨʳʩ ʦʩʪʘʚʘʣʠʩʴ ʥʝʠʟʤʝʥʥʳʤʠ, ʚ ʯʘʩʪʠ 

ʩʣʫʯʘʝʚ ʦʪʤʝʯʝʥʦ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʦʜʯʝʣʶʩʪʥʳʭ ʣʠʤʬʦʫʟʣʦʚ (4 ʩʣʫʯʘʷ), 

ʚʳʨʘʞʝʥʥʘʷ ʠʥʲʝʢʮʠʷ ʩʦʩʫʜʦʚ ʵʪʠʭ ʞʝ ʣʠʤʬʦʫʟʣʦʚ (3 ʩʣʫʯʘʷ), ʦʙʱʘʷ ʛʠʧʝʨʝʤʠʷ 

ʫʟʣʦʚ ʠʣʠ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʧʦʜ ʢʘʧʩʫʣʦʡ (4 ʩʣʫʯʘʷ). 

ʂʦʩʪʠ ʠ ʩʚʷʟʢʠ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʠʤʝʣʠ. 

ʆʙʣʘʩʪʴ ʨʘʩʧʦʣʦʞʝʥʠʷ ʠ ʤʦʨʬʦʣʦʛʠʷ ʩʦʙʩʪʚʝʥʥʦ ʱʠʪʦʚʠʜʥʦʡ ʞʝʣʝʟʳ ʚʠʜʠʤʳʭ 

ʠʟʤʝʥʝʥʠʡ ʥʝ ʠʤʝʣʠ. 

ɺ ʰʝʡʥʦʡ ʯʘʩʪʠ ʪʨʘʭʝʠ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʙʥʘʨʫʞʠʚʘʣʦʩʴ ʧʝʥʠʩʪʦʝ ʩʦʜʝʨʞʠʤʦʝ ʩ 

ʧʨʠʤʝʩʴʶ ʢʨʦʚʠ. 

ʇʠʱʝʚʦʜ ʙʳʣ ʙʝʟ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ. 

ʇʨʠ ʦʩʤʦʪʨʝ ʛʨʫʜʥʦʡ ʧʦʣʦʩʪʠ ʢʦʩʪʘʣʴʥʘʷ ʠ ʣʝʛʦʯʥʘʷ ʧʣʝʚʨʘ ʙʳʣʠ ʛʣʘʜʢʠʤʠ, 

ʙʣʝʩʪʷʱʠʤʠ. ɺʳʧʦʪ ʚ ʧʦʣʦʩʪʠ ʦʪʩʫʪʩʪʚʦʚʘʣ. 

ʊʠʤʫʩ ʯʘʱʝ ʠʤʝʣ ʨʦʟʦʚʳʡ ʮʚʝʪ ʩ ʩʝʨʳʤ ʦʪʪʝʥʢʦʤ, ʨʝʞʝ ʙʣʝʜʥʦ-ʢʨʝʤʦʚʳʡ. ʇʦʜ 

ʢʘʧʩʫʣʦʡ ʚʠʣʦʯʢʦʚʦʡ ʞʝʣʝʟʳ (ʥʘ ʚʝʥʪʨʘʣʴʥʦʡ ʩʪʦʨʦʥʝ ʚ 8 ʩʣʫʯʘʷʭ, ʘ ʚ 2 ʩʣʫʯʘʷʭ - 

ʠ ʥʘ ʜʦʨʟʘʣʴʥʦʡ ʩʪʦʨʦʥʝ) ʦʪʤʝʯʝʥʳ ʤʥʦʞʝʩʪʚʝʥʥʳʝ ʪʦʯʝʯʥʳʝ ʧʦʣʠʤʦʨʬʥʳʝ 

ʢʨʦʚʦʠʟʣʠʷʥʠʷ. ʋ ʦʜʥʦʛʦ ʞʠʚʦʪʥʦʛʦ ʦʪʤʝʯʝʥʳ ʚʳʨʘʞʝʥʥʦʝ ʢʨʦʚʝʥʘʧʦʣʥʝʥʠʝ 

ʩʦʩʫʜʦʚ ʠ ʥʝʢʦʪʦʨʦʝ ʫʚʝʣʠʯʝʥʠʝ ʦʨʛʘʥʘ ʚ ʨʘʟʤʝʨʘʭ. 

ʃʝʛʢʠʝ ʙʳʣʠ ʨʝʟʢʦ ʫʚʝʣʠʯʝʥʳ, ʙʦʣʴʰʘʷ ʯʘʩʪʴ ʠʭ ʠʤʝʣʘ ʮʚʝʪ ʦʪ ʙʣʝʜʥʦ-ʨʦʟʦʚʦʛʦ 

ʜʦ ʠʥʪʝʥʩʠʚʥʦ-ʨʦʟʦʚʦʛʦ, ʚ ʥʝʩʢʦʣʴʢʠʭ ʩʣʫʯʘʷʭ ï ʢʨʘʩʥʳʡ. ʅʘʙʣʶʜʘʣʘʩʴ 

ʚʳʨʘʞʝʥʥʘʷ ʦʯʘʛʦʚʘʷ ʛʠʧʝʨʝʤʠʷ, ʩ ʚʦʚʣʝʯʝʥʠʝʤ, ʢʘʢ ʧʨʘʚʠʣʦ, ʚʩʝʭ ʜʦʣʝʡ ʣʝʛʢʠʭ, 

ʚ ʝʜʠʥʠʯʥʳʭ ʩʣʫʯʘʷʭ ʪʘʢʠʝ ʦʯʘʛʠ ʟʘʥʠʤʘʣʠ ʦʜʥʫ ʠʟ ʜʦʣʝʡ ʠʣʠ, ʥʘʦʙʦʨʦʪ, ʣʝʛʢʠʝ 

ʦʢʘʟʳʚʘʣʠʩʴ ʛʠʧʝʨʝʤʠʨʦʚʘʥʥʳʤʠ ʮʝʣʠʢʦʤ. ʅʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʘʟʨʝʟʘ ʠʟ ʙʨʦʥʭʦʚ 

ʚʜrʝʣʷʣʘʩʴ ʧʝʥʠʩʪʘʷ ʞʠʜʢʦʩʪʴ (ʨʠʩʫʥʦʢ 4). 

ʇʝʨʠʢʘʨʜ ʙʳʣ ʚ ʧʨʝʜʝʣʘʭ ʥʦʨʤʳ. ʉʝʨʜʮʝ ʙʳʣʦ ʫʚʝʣʠʯʝʥʦ ʚ ʨʘʟʤʝʨʘʭ, ʮʚʝʪ ʙʳʣ 

ʪʝʤʥʦ-ʚʠʰʥʝʚʳʤ, ʯʘʩʪʦ ʥʝʨʘʚʥʦʤʝʨʥʳʤ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʦʪʤʝʯʝʥʘ ʟʥʘʯʠʪʝʣʴʥʘʷ 

ʠʥʲʝʢʮʠʷ ʢʦʨʦʥʘʨʥʳʭ ʩʦʩʫʜʦʚ, ʝʜʠʥʠʯʥʦ ï ʧʷʪʥʠʩʪʳʝ ʢʨʦʚʦʠʟʣʠʷʥʠʷ ʧʦʜ 

ʵʧʠʢʘʨʜʦʤ. ʉʝʨʜʮʝ ʚ 12 ʩʣʫʯʘʷʭ ʠʤʝʣʦ ʢʘʤʝʨʳ, ʧʝʨʝʧʦʣʥʝʥʥʳʝ ʪʝʤʥʦʡ ʞʠʜʢʦʡ 

ʢʨʦʚʴʶ, ʚ ʦʩʪʘʣʴʥʳʭ ʩʣʫʯʘʷʭ ʞʝʣʫʜʦʯʢʠ ʙʳʣʠ ʧʫʩʪʳ. ʄʠʦʢʘʨʜ, ʵʥʜʦʢʘʨʜ, ʠ 

ʢʣʘʧʘʥʳ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ ʠʤʝʣʠ. 
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ʂʨʫʧʥʳʝ ʧʨʠʥʦʩʷʱʠʝ ʩʦʩʫʜʳ ʙʳʣʠ ʨʝʟʢʦ ʧʦʣʥʦʢʨʦʚʥʳ, ʮʚʝʪ ʢʨʦʚʠ ʚ ʥʠʭ ʙʳʣ 

ʪʝʤʥʦ-ʢʨʘʩʥʳʤ, ʧʦʯʪʠ ʯʝʨʥʳʤ. 

ʇʨʠ ʦʩʤʦʪʨʝ ʙʨʶʰʥʦʡ ʧʦʣʦʩʪʠ ʨʘʩʧʦʣʦʞʝʥʠʝ ʦʨʛʘʥʦʚ ʙʳʣʦ ʘʥʘʪʦʤʠʯʝʩʢʠ 

ʧʨʘʚʠʣʴʥʳʤ, ʧʘʨʠʝʪʘʣʴʥʳʡ ʠ ʚʠʩʮʝʨʘʣʴʥʳʡ ʣʠʩʪʢʠ ʙʨʶʰʠʥʳ ʙʳʣʠ ʛʣʘʜʢʠʤʠ, 

ʙʣʝʩʪʷʱʠʤʠ, ʙʝʟ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ. ɺʳʧʦʪ ʚ ʧʦʣʦʩʪʠ ʦʪʩʫʪʩʪʚʦʚʘʣ. 

ʇʝʯʝʥʴ ʠʤʝʣʘ ʮʚʝʪ ʦʪ ʩʚʝʪʣʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʪʝʤʥʦ-ʚʠʰʥʝʚʦʛʦ. ʈʘʟʤʝʨ ʧʝʯʝʥʠ ʚ 

ʨʷʜʝ ʩʣʫʯʘʝʚ ʙʳʣ ʙʦʣʴʰʝ ʦʙʳʯʥʦʛʦ, ʢʨʘʷ - ʟʘʢʨʫʛʣʝʥʳ. ʅʘ ʨʘʟʨʝʟʝ ʪʠʧʠʯʥʳʡ 

ʨʠʩʫʥʦʢ ʙʳʣ ʩʦʭʨʘʥʝʥ. ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ (7 ʢʨʳʩ) ʠʟʤʝʥʝʥʠʷ ʨʘʩʮʝʥʝʥʳ ʢʘʢ 

ʫʤʝʨʝʥʥʦ ʚʳʨʘʞʝʥʥʘʷ ʛʠʧʝʨʝʤʠʷ.  

ɾʝʣʯʥʳʡ ʧʫʟʳʨʴ ʫ ʢʨʳʩ ʦʪʩʫʪʩʪʚʫʝʪ.  

ʉʦʩʫʜʳ ʙʨʳʞʝʡʢʠ, ʢʘʢ ʧʨʘʚʠʣʦ, ʙʳʣʠ ʚʳʨʘʞʝʥʦ ʠʥʲʝʮʠʨʦʚʘʥʳ. ɺʠʩʮʝʨʘʣʴʥʳʝ 

ʣʠʤʬʦʫʟʣʳ ʙʳʣʠ ʥʦʨʤʘʣʴʥʦʛʦ ʚʠʜʘ.  

ʉʝʨʦʟʥʳʝ ʧʦʢʨʦʚʳ ʠ ʩʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʪʦʥʢʦʛʦ ʢʠʰʝʯʥʠʢʘ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ 

ʥʝ ʠʤʝʣʠ. ɺ ʜʚʫʭ ʩʣʫʯʘʷʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʧʦʚʳʰʝʥʥʦʝ ʢʨʦʚʝʥʘʧʦʣʥʝʥʠʝ 

ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʩʫʜʦʚ, ʘ ʚ ʦʜʥʦʤ ï ʝʜʠʥʠʯʥʦʝ ʢʨʦʚʦʠʟʣʠʷʥʠʝ ʜʠʘʤʝʪʨʦʤ 2 ʤʤ ʚ 

ʢʘʫʜʘʣʴʥʦʡ ʧʦʣʦʚʠʥʝ ʧʦʜʚʟʜʦʰʥʦʡ ʢʠʰʢʠ. ʉʦʜʝʨʞʠʤʦʝ ʢʠʰʝʯʥʠʢʘ ʙʳʣʦ 

ʢʘʰʠʮʝʦʙʨʘʟʥʳʤ, ʞʝʣʪʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʮʚʝʪʘ ʠ ʥʝ ʠʤʝʣʦ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʟʘʧʘʭʘ.  

ʊʦʣʩʪʳʡ ʢʠʰʝʯʥʠʢ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʞʠʚʦʪʥʳʭ ʠʤʝʣ ʥʦʨʤʘʣʴʥʫʶ ʤʦʨʬʦʣʦʛʠʶ. ɺ 

ʪʨʝʭ ʩʣʫʯʘʷʭ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʥʝʙʦʣʴʰʦʝ ʩʢʦʧʣʝʥʠʝ ʛʘʟʦʚ, ʚ ʦʜʥʦʤ ï ʙʳʣʘ ʚʠʜʥʘ 

ʠʥʲʝʢʮʠʷ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʩʫʜʦʚ.  

ɾʝʣʫʜʦʢ ʚʩʝʛʜʘ ʙʳʣ ʧʨʘʢʪʠʯʝʩʢʠ ʧʫʩʪ. ʉʣʠʟʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʙʳʣʘ ʘʥʝʤʠʯʥʘ, ʚ 

ʦʩʪʘʣʴʥʦʤ, ʦʪʣʠʯʠʡ ʦʪ ʥʦʨʤʳ ʥʝ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ.  

ʇʦʜʞʝʣʫʜʦʯʥʘʷ ʞʝʣʝʟʘ ʠʤʝʣʘ ʙʝʣʫʶ, ʨʦʟʦʚʘʪʫʶ ʠʣʠ ʩʝʨʦʚʘʪʫʶ ʦʢʨʘʩʢʫ. 

ʆʪʤʝʯʝʥ ʝʜʠʥʠʯʥʳʡ ʩʣʫʯʘʡ ʛʠʧʝʨʝʤʠʠ, ʜʨʫʛʠʭ ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ ʥʝ 

ʦʙʥʘʨʫʞʝʥʦ.  

ʇʦʯʢʠ ʠʤʝʣʠ ʮʚʝʪ ʦʪ ʪʝʤʥʦ-ʢʦʨʠʯʥʝʚʦʛʦ ʜʦ ʪʝʤʥʦ-ʚʠʰʥʝʚʦʛʦ: ʫ 7 ʞʠʚʦʪʥʳʭ 

ʧʦʯʢʠ ʙʳʣʠ ʪʦʪʘʣʴʥʦ ʛʠʧʝʨʝʤʠʨʦʚʘʥʳ, ʫ 7 ï ʥʘʧʨʦʪʠʚ, ʥʝʩʢʦʣʴʢʦ ʘʥʝʤʠʯʥʳ. ɺʦ 

ʚʩʝʭ ʩʣʫʯʘʷʭ ʢʘʧʩʫʣʘ ʣʝʛʢʦ ʩʥʠʤʘʣʘʩʴ, ʥʘ ʨʘʟʨʝʟʝ ï ʧʨʦʩʣʝʞʠʚʘʣʘʩʴ ʛʨʘʥʠʮʘ 

ʤʝʞʜʫ ʢʦʨʢʦʚʳʤ ʠ ʤʦʟʛʦʚʳʤ ʚʝʱʝʩʪʚʦʤ, ʢʨʦʚʝʥʘʧʦʣʥʝʥʠʝ ʵʪʠʭ ʟʦʥ ʙʳʣʦ 
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ʈʠʩʫʥʦʢ 4 ï ʆʪʝʢ ʣʝʛʢʠʭ ʢʘʢ ʚʘʞʥʝʡʰʝʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʦʝ ʠʟʤʝʥʝʥʠʝ, ʥʘʙʣʶʜʘʝʤʦʝ ʫ 

ʞʠʚʦʪʥʳʭ, ʧʦʛʠʙʰʠʭ ʦʪ ʦʩʪʨʦʡ ʠʥʪʦʢʩʠʢʘʮʠʠ SkQ1 ʧʨʠ ʚʥʫʪʨʠʚʝʥʥʦʤ ʚʚʝʜʝʥʠʠ. 

ʇʨʠʤʝʯʘʥʠʝ ï ʚʝʨʭʥʷʷ ʧʘʥʝʣʴ: ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʦʪʝʢʘ ʣʝʛʢʠʭ ʥʘ 

ʥʝʢʨʦʧʩʠʠ: ʧʝʥʠʩʪʳʝ ʚʳʜʝʣʝʥʠʷ ʠʟ ʨʦʪʦʚʦʛʦ ʦʪʚʝʨʩʪʠʷ ʫ ʧʘʚʰʝʡ ʢʨʳʩʳ (ʩʣʝʚʘ) ʠ 

ʪʠʧʠʯʥʳʡ ʚʠʜ ʣʝʛʢʠʭ ʧʦʩʣʝ ʚʳʜʝʣʝʥʠʷ ʠʟ ʦʨʛʘʥʦʢʦʤʧʣʝʢʩʘ ʛʨʫʜʥʦʡ  ʧʦʣʦʩʪʠ (ʩʧʨʘʚʘ); 

ʥʠʞʥʠʡ ʨʠʩʫʥʦʢ:  ʪʠʧʠʯʥʘʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʚʳʨʘʞʝʥʥʦʛʦ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʛʦ ʠ 

ʘʣʴʚʝʦʣʷʨʥʦʛʦ ʦʪʝʢʘ. ʆʢʨʘʩʢʘ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ, ʭ100. 

 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʨʘʚʥʦʤʝʨʥʳʤ ʠ ʦʜʠʥʘʢʦʚʳʤ. ʃʦʭʘʥʢʠ ʙʳʣʠ ʩʚʦʙʦʜʥʳʤʠ ʦʪ 

ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʦʜʝʨʞʠʤʦʛʦ. ʅʘʜʧʦʯʝʯʥʠʢʠ ʥʠ ʫ ʦʜʥʦʛʦ ʞʠʚʦʪʥʦʛʦ ʥʝ ʠʤʝʣʠ 

ʚʠʜʠʤʳʭ ʠʟʤʝʥʝʥʠʡ. ʄʦʯʝʚʦʡ ʧʫʟʳʨʴ ʙʳʣ ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʧʫʩʪ,  ʫ 4 


