
ʌɽɼɽʈɸʃʔʅʆɽ ɻʆʉʋɼɸʈʉʊɺɽʅʅʆɽ ɹʖɼɾɽʊʅʆɽ ʆɹʈɸɿʆɺɸʊɽʃʔʅʆɽ ʋʏʈɽɾɼɽʅʀɽ 

ɺʓʉʐɽɻʆ ʆɹʈɸɿʆɺɸʅʀʗ çʄɸʈʀʁʉʂʀʁ ɻʆʉʋɼɸʈʉʊɺɽʅʅʓʁ ʋʅʀɺɽʈʉʀʊɽʊè 

  

 

 

ʅʘ ʧʨʘʚʘʭ ʨʫʢʦʧʠʩʠ 

 

 

 

ɼʋɹʀʅʀʅ ʄʠʭʘʠʣ ɺʘʩʠʣʴʝʚʠʯ 

 

ɼʀʉʌʋʅʂʎʀʗ ʄʀʊʆʍʆʅɼʈʀʁ ɺ ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅʆʁ ʄʆɼɽʃʀ 

ʄʓʐɽʏʅʆʁ ɼʀʉʊʈʆʌʀʀ ɼʖʐɽʅʅɸ ʋ ʄʓʐɽʁ: ʄɽʍɸʅʀɿʄʓ ʀ 

ɺʆɿʄʆɾʅʓɽ ʇʆɼʍʆɼʓ ʂ ʂʆʈʈɽʂʎʀʀ  

 

1.5.22. ʂʣʝʪʦʯʥʘʷ ʙʠʦʣʦʛʠʷ (ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʥʘʫʢʠ) 

 

 

ɼʠʩʩʝʨʪʘʮʠʷ ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʝʥʦʡ ʩʪʝʧʝʥʠ 

ʜʦʢʪʦʨʘ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ 

 

 

 

 

ʅʘʫʯʥʳʡ ʢʦʥʩʫʣʴʪʘʥʪ: 

ʜʦʢʪʦʨ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʥʘʫʢ, ʜʦʮʝʥʪ 

ɹʝʣʦʩʣʫʜʮʝʚ ʂʦʥʩʪʘʥʪʠʥ ʅʠʢʦʣʘʝʚʠʯ 

 

 

 

 

 

 

 

ʁʦʰʢʘʨ-ʆʣʘ ī 2024 
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ɺɺɽɼɽʅʀɽ 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʧʨʦʙʣʝʤʳ 

ʄʳ ʝhʯʥʘʷ ʜʠʩʪʨʦʬʠʷ ɼʶʰʝʥʥʘ (ʄɼɼ) ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʨʝʮʝʩʩʠʚʥʦʝ ʍ-ʩʮʝʧʣʝʥʥʦʝ 

ʥʘʩʣʝʜʩʪʚʝʥʥʦʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʢʦʪʦʨʦʝ ʚʳʟʚʘʥʦ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʝ DMD, ʢʦʜʠʨʫʶʱʝʤ ʙʝʣʦʢ 

ʜʠʩʪʨʦʬʠʥ (Monaco et al., 1986). ɿʘʯʘʩʪʫʶ ʵʪʦ ʜʝʣʝʮʠʠ ʠ ʚʩʪʘʚʢʠ, ʩʜʚʠʛʘʶʱʠʝ ʨʘʤʢʫ 

ʩʯʠʪʳʚʘʥʠʷ, ʚʳʟʳʚʘʶʱʠʝ ʧʨʝʞʜʝʚʨʝʤʝʥʥʫʶ ʪʝʨʤʠʥʘʮʠʶ ʪʨʘʥʩʣʷʮʠʠ ʠ ʥʦʥʩʝʥʩ-

ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʨʘʩʧʘʜ ʤʈʅʂ, ʥʦʥʩʝʥʩ-ʤʫʪʘʮʠʠ, ʘ ʪʘʢʞʝ ʢʨʫʧʥʳʝ ʜʝʣʝʮʠʠ ʚ ʫʯʘʩʪʢʘʭ ʛʝʥʘ, 

ʢʦʜʠʨʫʶʱʠʝ N- ʠ ʉ-ʢʦʥʮʳ ʙʝʣʢʘ ʜʠʩʪʨʦʬʠʥʘ. ʕʪʦ ʦʜʥʘ ʠʟ ʩʘʤʳʭ ʯʘʩʪʳʭ ʬʦʨʤ ʤʳʝhʯʥʳʭ 

ʜʠʩʪʨʦʬʠʡ ï ʄɼɼ ʜʠʘʛʥʦʩʪʠʨʫʶʪ ʚ ʩʨʝʜʥʝʤ ʫ 1 ʠʟ 3500 ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʤʘʣʴʯʠʢʦʚ, ʢʨʘʡʥʝ 

ʨʝʜʢʦ ʢʣʠʥʠʯʝʩʢʠʝ ʧʨʦʷʚʣʝʥʠʷ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʫ ʛʝʪʝʨʦʟʠʛʦʪʥʳʭ ʜʝʚʦʯʝʢ (ʤʝʥʝʝ 1 ʩʣʫʯʘʷ ʥʘ 

ʤʠʣʣʠʦʥ) (Emery, 1991; Mendell et al., 2013; Duan et al., 2021). ʇʘʪʦʣʦʛʠʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʤʳʝhʯʥʦʡ ʩʣʘʙʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʨʘʥʥʝʤ ʜʝʪʩʪʚʝ ʠ ʧʨʠʚʦʜʠʪ ʢ 

ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʫʞʝ ʚʦ ʚʪʦʨʦʤ ʜʝʩʷʪʠʣʝʪʠʠ ʞʠʟʥʠ. ʇʨʠ ʄɼɼ 

ʦʪʤʝʯʝʥʦ ʧʦʨʘʞʝʥʠʝ ʩʝʨʜʝʯʥʦʡ ʠ ʛʣʘʜʢʦʤʳʝhʯʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ, ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʠ 

ʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤ, ʦʜʥʘʢʦ ʠʤʝʥʥʦ ʩʢʝʣʝʪʥʘʷ ʤʫʩʢʫʣʘʪʫʨʘ ʧʦʨʘʞʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ 

(ʃʠʪʚʠʥʦʚʘ, 2013; ɸʨʭʠʧʦʚʘ, 2015; Mercuri et al., 2019). ʇʦʤʠʤʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʤʳʝhʯʥʦʡ 

ʩʣʘʙʦʩʪʠ ʫ ʧʘʮʠʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʜʝʨʞʢʘ ʚ ʨʘʟʚʠʪʠʠ, ʧʨʦʙʣʝʤʳ ʩ ʜʳʭʘʥʠʝʤ ʠ ʨʝʯʴʶ (Bushby 

et al., 2010). ɹʦʣʝʝ ʯʝʤ ʫ 90% ʧʘʮʠʝʥʪʦʚ ʤʫʞʩʢʦʛʦ ʧʦʣʘ ʚ ʚʦʟʨʘʩʪʝ 18 ʣʝʪ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, 

ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠʟʥʘʢʠ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠʠ (Kamdar et al., 2016; DôAmario et al., 2017), ʢʦʪʦʨʘʷ ʥʘ 

ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʯʘʱʝ ʚʩʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʠ (Peter et al., 2011; Ware, 2017; 

Schultz et al., 2022). ɺʳʜʝʣʷʶʪ ʪʘʢʞʝ ʤʝʥʝʝ ʪʷʞʝʣʳʡ ʚʘʨʠʘʥʪ ʜʠʩʪʨʦʬʠʥʦʧʘʪʠʠ ï ʤʳʝhʯʥʫʶ 

ʜʠʩʪʨʦʬʠʶ ɹʝʢʢʝʨʘ, ʦʙʫʩʣʦʚʣʝʥʥʫʶ ʥʝʙʦʣʴʰʠʤʠ ʜʝʣʝʮʠʷʤʠ ʚ ʩʝʨʝʜʠʥʝ ʛʝʥʘ, ʢʦʪʦʨʳʝ ʥʝ 

ʥʘʨʫʰʘʶʪ ʨʘʤʢʫ ʩʯʠʪʳʚʘʥʠʷ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʥʦʛʠʝ ʧʘʮʠʝʥʪʳ ʩʦʭʨʘʥʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʢ 

ʩʘʤʦʩʪʦʷʪʝʣʴʥʦʤʫ ʧʝʨʝʜʚʠʞʝʥʠʶ ʠ ʚ ʟʨʝʣʦʤ ʚʦʟʨʘʩʪʝ (Mercuri et al., 2019). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʠʩʪʨʦʬʠʥ ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʝʩʧʝʯʝʥʠʠ ʩʚʷʟʠ ʮʠʪʦʩʢʝʣʝʪʘ 

ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ (ʘʢʪʠʥʦʚʳʝ ʤʠʢʨʦʬʠʣʘʤʝʥʪʳ, ʧʨʦʤʝʞʫʪʦʯʥʳʝ ʬʠʣʘʤʝʥʪʳ, ʤʠʢʨʦʪʨʫʙʦʯʢʠ 

ʠ ʜʨʫʛʠʝ ʩʚʷʟʘʥʥʳʝ ʩʪʨʫʢʪʫʨʥʳʝ ʙʝʣʢʠ) c ʩʘʨʢʦʣʝʤʤʦʡ, ʢʘʥʘʣʴʥʳʤʠ ʙʝʣʢʘʤʠ, ʩʠʛʥʘʣʴʥʳʤʠ ʠ 

ʢʘʨʢʘʩʥʳʤʠ ʙʝʣʢʘʤʠ ʠ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʜʠʩʪʨʦʬʠʥ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ 

ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ (ɼɸɹʂ), ʧʦʜʜʝʨʞʠʚʘʷ ʩʪʨʫʢʪʫʨʥʫʶ ʮʝʣʦʩʪʥʦʩʪʴ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ ʠ ʝʝ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ, ʠ ʝʛʦ ʦʪʩʫʪʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʜʝʩʪʘʙʠʣʠʟʘʮʠʠ 

ʤʳʝhʯʥʦʛʦ ʚʦʣʦʢʥʘ (Peter et al., 2011; Duan et al., 2021; Ignatieva et al., 2021; Wilson et al., 2022). 

ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʮʠʢʣʘʤʠ ʜʝʛʝʥʝʨʘʮʠʠ/ʨʝʛʝʥʝʨʘʮʠʠ, ʥʘʨʫʰʝʥʠʝʤ ʮʝʣʦʩʪʥʦʩʪʠ ʤʝʤʙʨʘʥ 

ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, ʨʘʟʚʠʪʠʝʤ ʚʦʩʧʘʣʝʥʠ,̫ ʟʘʤʝʱʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʠ ʞʠʨʦʚʦʡ ʪʢʘʥʴʶ (Angelini et al., 2022). ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʜʠʩʪʨʦʬʠʥ ʠ ʨʘʟʣʠʯʥʳʝ 
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ʢʦʤʧʦʥʝʥʪʳ ɼɸɹʂ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʤʦʣʝʢʫʣʷʨʥʳʝ ʢʘʨʢʘʩʳ, ʥʝʦʙʭʦʜʠʤʳʝ ʜʣʷ 

ʢʦʦʨʜʠʥʘʮʠʠ ʩʙʦʨʢʠ ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ ʠ ʩʪʨʫʢʪʫʨ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʧʝʨʝʜʘʯʝ 

ʩʠʛʥʘʣʦʚ (Constantin, 2014; Leyva-Leyva et al., 2018). ʕʪʦ ʚʢʣʶʯʘʝʪ ʩʘʤʳʝ ʨʘʟʥʦʦʙʨʘʟʥʳʝ 

ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʠ ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʩ ʥʠʤʠ ʩʠʛʥʘʣʴʥʳʝ ʤʦʣʝʢʫʣʳ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʝ ʠʦʥʥʳʡ 

ʛʦʤʝʦʩʪʘʟ, ʠ ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʩʪʘʙʠʣʴʥʳʡ ʫʨʦʚʝʥʴ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʥʦʨʤʘʣʴʥʦʛʦ 

ʤʳʝhʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ. ɺ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʪʨʦʬʠʥʘ ʠ ʧʦʣʥʦʮʝʥʥʦʛʦ ɼɸɹʂ ʚʩʝ ʵʪʠ ʧʫʪʠ 

ʧʦʚʨʝʞʜʘʶʪʩʷ ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʤʳʝhʯʥʦʡ ʧʘʪʦʣʦʛʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʜʦʣʞʘʶʪʩʷ ʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʩʦʟʜʘʥʠʝ 

ʛʝʥʥʦʡ ʪʝʨʘʧʠʠ, ʧʦʟʚʦʣʷʶʱʝʡ ʚʦʩʩʪʘʥʦʚʠʪʴ ʥʦʨʤʘʣʴʥʫʶ ʵʢʩʧʨʝʩʩʠʶ ʜʠʩʪʨʦʬʠʥʘ (Mendell et 

al., 2020; Happi Mbakam et al., 2022), ʯʪʦ ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʝʜʠʥʩʪʚʝʥʥʦʛʦ ʧʫʪʠ 

ʥʘʩʪʦʷʱʝʛʦ ʣʝʯʝʥʠʷ ʵʪʦʡ ʧʘʪʦʣʦʛʠʠ. ʆʜʥʘʢʦ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʟʘʯʘʩʪʫʶ ʩʪʘʣʢʠʚʘʶʪʩʷ ʩ 

ʤʥʦʞʝʩʪʚʝʥʥʳʤʠ ʪʝʭʥʠʯʝʩʢʠʤʠ ʧʨʦʙʣʝʤʘʤʠ, ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʜʦʩʪʘʚʢʦʡ 

ʚʝʢʪʦʨʘ, ʠ ʤʦʛʫʪ ʙʳʪʴ ʵʬʬʝʢʪʠʚʥʳ ʣʠʰʴ ʧʨʠ ʨʘʥʥʝʤ ʥʘʯʘʣʝ ʪʝʨʘʧʠʠ, ʜʦ ʥʝʦʙʨʘʪʠʤʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʴʶ. ɹʦʣʝʝ ʪʦʛʦ, ʨʝʟʫʣʴʪʘʪʳ ʧʦʩʣʝʜʥʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ ʜʠʩʪʨʦʬʠʥʘ ʚ 

ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʵʪʦʪ ʙʝʣʦʢ ʪʢʘʥʷʭ ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʟʘʤʝʪʥʦʡ ʥʦʨʤʘʣʠʟʘʮʠʠ ʤʳʝhʯʥʦʡ ʬʫʥʢʮʠʠ 

ʠ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʚʪʦʨʠʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʠ ʄɼɼ (Angelini et al., 2022). ʕʪʦ 

ʧʨʝʜʧʦʣʘʛʘʝʪ ʧʨʠʤʝʥʝʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ, ʥʘʨʷʜʫ ʩ ʛʝʥʥʦʡ ʪʝʨʘʧʠʝʡ, ʧʦʜʭʦʜʦʚ ʜʣʷ ʣʝʯʝʥʠʷ 

ʵʪʦʛʦ ʟʘʙʦʣʝʚʘʥʠʷ. ʇʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʥʠʝ 

ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʚ (ʧʨʝʜʥʠʟʦʥ, ʧʨʝʜʥʠʟʦʣʦʥ, ʜʝʬʣʘʟʘʢʦʨʪ), ʩʥʠʞʘʶʱʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ. ʆʜʥʘʢʦ ʵʪʠ ʧʨʝʧʘʨʘʪʳ ʪʦʣʴʢʦ ʟʘʤʝʜʣʷʪʁ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ 

ʟʘʙʦʣʝʚʘʥʠ ̫ʠ ʦʙʣʘʜʘʪʁ ʟʥʘʯʠʪʝʣʴʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ (Matthews et al., 2016), ʧʦʵʪʦʤʫ 

ʘʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʚʳʷʚʣʝʥʠʝ ʥʦʚʳʭ ʤʠʰʝʥʝʡ ʠ ʩʦʟʜʘʥʠʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ 

ʪʝʨʘʧʠʠ ʄɼɼ, ʢʦʪʦʨʳʝ ʙʳʣʠ ʙʳ ʦʜʠʥʘʢʦʚʦ ʵʬʬʝʢʪʠʚʥʳ ʠ ʙʝʟʦʧʘʩʥʳ ʢʘʢ ʜʣʷ ʣʝʯʝʥʠʷ 

ʧʘʪʦʣʦʛʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh, ʪʘʢ ʠ ʩʝʨʜʮʘ ʠ ʜʨʫʛʠʭ ʦʨʛʘʥʦʚ. 

ɺ ʵʪʦʤ ʩʤʳʩʣʝ ʙʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʝʪʩʷ ʢʦʨʨʝʢʮʠʠ ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʧʨʝʞʜʝ 

ʚʩʝʛʦ ʢʘʣʴʮʠʝʚʦʛʦ, ʜʠʩʨʝʛʫʣʷʮʠʷ ʢʦʪʦʨʦʛʦ ʧʨʠ ʄɼɼ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ 

ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ (ɸʌʂ), ʨʘʟʚʠʪʠʶ ʭʨʦʥʠʯʝʩʢʦʛʦ ʚʦʩʧʘʣʝʥʠʷ, ʠʟʤʝʥʝʥʠʶ 

ʨʝʛʝʥʝʨʘʪʠʚʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʠ ʬʠʙʨʦʟʫ (Allard, 2006; Allen et al., 2016; Leyva-Leyva et al., 2018). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʳʝhʯʥʳʝ ʚʦʣʦʢʥʘ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʘ ʪʘʢʞʝ ʤʦʜʝʣʴʥʳʭ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ 

Ca2+ (Emery and Burt, 1980; Harisseh et al., 2013; Tian et al., 2014). ʕʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ 

ʧʨʦʮʝʩʩʦʚ ʤʳʝhʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʠ ʨʘʩʩʣʘʙʣʝʥʠʷ ï ʛʠʧʝʨʩʦʢʨʘʱʝʥʠʝ ʠ ʫʛʥʝʪʝʥʠʝ ʤʳʝhʯʥʦʛʦ 

ʨʘʩʩʣʘʙʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʄɼɼ ʫ ʨʘʟʥʳʭ ʦʨʛʘʥʠʟʤʦʚ (Hara et al., 
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2002). ʀʟʙʳʪʦʢ ʠʦʥʦʚ ʉʘ2+ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʢʠ ʠʤʝʝʪ ʠ ʜʨʫʛʠʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʥʘʨʫʰʝʥʠʝ ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ (Niranjan et al., 2019), ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

Ca2+-ʟʘʚʠʩʠʤʳʭ ʧʨʦʪʝʘʟ, ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʢʘʣʴʧʘʠʥʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʘʩʩʦʚʦʤʫ ʧʨʦʪʝʦʣʠʟʫ 

ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ (Gailly et al., 2007; Voit et al., 2017), ʘ ʪʘʢʞʝ Ca2+-ʟʘʚʠʩʠʤʳʭ ʬʦʩʬʦʣʠʧʘʟ, 

ʥʘʨʫʰʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʠ ʫʧʘʢʦʚʢʫ ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ ʠ ʦʨʛʘʥʝʣʣ (Lindahl et al., 1995). 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʜʠʩʨʝʛʫʣʷʮʠʷ ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʦʙʫʩʣʦʚʣʝʥʘ 

ʥʘʨʫʰʝʥʠʝʤ ʨʘʙʦʪʳ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʩʘʨʢʦʣʝʤʤʳ, ʚʝʜʫʱʠʤ ʢ ʠʟʙʳʪʦʯʥʦʤʫ ʧʦʩʪʫʧʣʝʥʠʶ ʠʦʥʦʚ 

(ʉʘ2+, Na+) ʠʟ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʚ ʤʳʝhʯʥʳʝ ʚʦʣʦʢʥʘ (Allard, 2006; Leyva-Leyva et al., 

2018). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʨʫʰʝʥʠʝ ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʧʨʠ ʄɼɼ ʩʚʷʟʘʥʦ ʩ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠʟ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʜʝʧʦ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ ʤʠʪʦʭʦʥʜʨʠʡ (Ignatieva et al., 2021; Mareedu et al., 2021ʘ). ʆ 

ʨʦʣʠ ʜʠʩʬʫʥʢʮʠʠ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʚ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʄɼɼ ʠʟʚʝʩʪʥʦ 

ʜʦʩʪʘʪʦʯʥʦ ʤʥʦʛʦ ï ʚʳʷʚʣʝʥʳ ʢʦʥʢʨʝʪʥʳʝ ʪʨʘʥʩʧʦʨʪʥʳʝ ʩʠʩʪʝʤʳ ʵʪʠʭ ʦʨʛʘʥʝʣʣ, ʧʝʨʝʩʪʨʦʡʢʠ ʚ 

ʢʦʪʦʨʳʭ ʧʨʠʚʦʜʷʪ ʢ ʥʘʨʫʰʝʥʠʶ ʙʫʬʝʨʠʟʘʮʠʠ ʉʘ2+ ʚ ʮʠʩʪʝʨʥʘʭ ʨʝʪʠʢʫʣʫʤʘ (SERCA, RyR ʠ 

ʜʨʫʛʠʝ), ʘ ʪʘʢʞʝ ʨʘʟʨʘʙʦʪʘʥʳ ʧʦʜʭʦʜʳ ʜʣʷ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʭ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ, ʚʝʜʫʱʠʝ ʢ 

ʟʘʤʝʜʣʝʥʠʶ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʠ ʄɼɼ (Mareedu et al., 2021ʙ). ʊʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦ ʜʘʚʥʦ ʠʟʚʝʩʪʥʦ, 

ʯʪʦ ʜʣʷ ʄɼɼ ʭʘʨʘʢʪʝʨʥʦ ʨʘʟʚʠʪʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ 

ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʮʠʢʣʘ ʪʨʠʢʘʨʙʦʥʦʚʳʭ ʢʠʩʣʦʪ (Chinet et al., 1994; Bonsett et al., 1984) ʠ 

ʵʣʝʢʪʨʦʥ-ʪʨʘʥʩʧʦʨʪʥʦʡ ʮʝʧʠ ʦʨʛʘʥʝʣʣ (Glesby et al., 1988; Kuznetsov et al., 1998), ʘ ʪʘʢʞʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʙʫʬʝʨʠʟʦʚʘʪʴ ʠʦʥʳ ʢʘʣʴʮʠʷ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʩʦʜʝʨʞʘʥʠʷ ɸʊʌ ʚ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ (Ronzoni et al., 1958; Vignos and Warner, 1963; Shuttlewood 

and Griffiths, 1982; Cole et al., 2002). ʇʨʠ ʵʪʦʤ ʥʝʠʟʚʝʩʪʥʦ, ʢʘʢʠʝ ʠʤʝʥʥʦ ʩʠʩʪʝʤʳ ʠ ʤʝʭʘʥʠʟʤʳ 

ʦʪʚʝʪʩʪʚʝʥʥʳ ʟʘ ʨʘʟʚʠʪʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʧʨʠ ʄɼɼ ʠ ʚʦʟʤʦʞʥʦ ʣʠ ʧʨʠʤʝʥʝʥʠʝ 

ʧʦʜʭʦʜʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʫʣʫʯʰʝʥʠʝʤ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʵʪʠʭ ʦʨʛʘʥʝʣʣ, ʜʣʷ ʢʦʨʨʝʢʮʠʠ 

ʪʝʯʝʥʠʷ ʧʘʪʦʣʦʛʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʩʝʨʜʮʘ. 

 ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ  

 ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʟʫʯʝʥʠʝ ʨʦʣʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʚ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʧʘʪʦʣʦʛʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʠ ʩʝʨʜʮʘ ʧʨʠ ʄɼɼ ʚ ʤʦʜʝʣʠ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ ʣʠʥʠʠ mdx ʠ ʚʣʠʷʥʠʷ ʨʘʟʣʠʯʥʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʥʘ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʦʨʛʘʥʝʣʣ ʠ ʨʘʟʚʠʪʠʝ ʟʘʙʦʣʝʚʘʥʠʷ. 

 ɺ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʮʝʣʴʶ ʙʳʣʠ ʧʦʩʪʘʚʣʝʥʳ ʩʣʝʜʫʶʱʠʝ ʟʘʜʘʯʠ: 

1. ʆʮʝʥʠʪʴ ʩʦʩʪʦʷʥʠʝ ʤʫʩʢʫʣʘʪʫʨʳ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʠ ʩʝʨʜʮʘ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʵʪʠʭ ʪʢʘʥʝʡ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʘʪʦʣʦʛʠʠ ʄɼɼ ʥʘ 

ʤʦʜʝʣʴʥʳʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʘʭ. 



11 

 

2. ɺʳʷʩʥʠʪʴ ʚʣʠʷʥʠʝ ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʥʘ ʦʩʥʦʚʝ 

ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ 

ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʭ ʤʠʪʦʭʦʥʜʨʠʡ. 

3. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʤʦʜʫʣʷʮʠʠ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ ʥʫʢʣʝʦʟʠʜʦʤ ʫʨʠʜʠʥʦʤ ʥʘ ʩʦʩʪʦʷʥʠʝ ʪʢʘʥʝʡ ʠ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʠʭ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ ʄɼɼ. 

4. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʘʢʪʠʚʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ, ʘʢʪʠʚʠʨʫʝʤʦʛʦ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ ʢʘʣʠʝʚʦʛʦ 

ʢʘʥʘʣʘ ʧʨʦʠʟʚʦʜʥʳʤ ʙʝʥʟʠʤʠʜʘʟʦʣʘ NS1619 ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʩʝʨʜʮʘ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ, ʘ ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʪʦʭʦʥʜʨʠʡ 

ʵʪʠʭ ʦʨʛʘʥʦʚ ʧʨʠ ʄɼɼ. 

5. ʀʟʫʯʠʪʴ ʚʣʠʷʥʠʝ ʠʥʛʠʙʠʨʦʚʘʥʠʷ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʦʡ MPT-ʧʦʨʳ ʮʠʢʣʠʯʝʩʢʠʤ ʧʝʧʪʠʜʦʤ 

ʘʣʠʩʧʦʨʠʚʠʨʦʤ ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ 

ʠ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʧʘʨʘʤʝʪʨʳ ʤʠʪʦʭʦʥʜʨʠʡ ʵʪʠʭ ʦʨʛʘʥʦʚ ʧʨʠ ʄɼɼ. 

6. ʆʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʟʘʤʝʩʪʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʥʘ ʜʠʩʬʫʥʢʮʠʶ ʤʠʪʦʭʦʥʜʨʠʡ ʠ 

ʩʦʧʫʪʩʪʚʫʶʱʫʶ ʧʘʪʦʣʦʛʠʶ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ ʨʘʙʦʪʳ  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤʳʝhʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʤʠʪʦʭʦʥʜʨʠʡ, ʘ ʪʘʢʞʝ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʚ 

ʙʝʣʢʦʚʦʤ ʢʦʤʧʣʝʢʩʝ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʦʨʛʘʥʝʣʣ, ʚʝʜʫʱʠʤʠ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʠʪʦʭʦʥʜʠʷʤʠ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-ʤʳʰʝʡ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʠʦʥʳ ʢʘʣʴʮʠʷ ʪʘʢʞʝ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ MPT-ʧʦʨʳ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʠʝ ʧʝʨʝʩʪʨʦʡʢʠ ʚ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤʘʭ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-

ʤʳʰʝʡ ʧʨʠʚʦʜʷʪ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʛʥʝʪʝʥʠ ʁʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʝʣʣ ʧʦʛʣʦʱʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ 

ʠʦʥʳ ʢʘʣʴʮʠʷ ʚ ʤʘʪʨʠʢʩʝ. ʊʘʢʞʝ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʥʠʞʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʠʷ ʠ 

ʦʙɦʝʛʦ ʫʨʦʚʥʷ ʵʪʦʛʦ ʠʦʥʘ ʚ ʤʘʪʨʠʢʩʝ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʠ 

ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʠʡ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʢʘʥʘʣʦʚ ʚ ʤʝʤʙʨʘʥʝ ʦʨʛʘʥʝʣʣ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚʩʝ ʵʪʦ 

ʚʥʦʩʠʪ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʜʠʩʬʫʥʢʮʠʶ ʦʨʛʘʥʝʣʣ, ʨʘʟʚʠʪʠʝ ʜʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ 

ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ ʠ ʩʥʠʞʝʥʠʝ ʤʳʰʝʯʥʦʡ ʩʠʣʳ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤʳʰʝʡ.  

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜ ʜʝʬʣʘʟʘʢʦʨʪ, ʧʨʠʤʝʥʷʝʤʳʡ ʜʣʷ 

ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʦʡ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʄɼɼ, ʥʦʨʤʘʣʠʟʫʝʪ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʫ ʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ, 
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ʫʣʫʯh ʘʷ ʧʦʢʘʟʘʪʝʣʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ ʩʠʥʪʝʟʘ ɸʊʌ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʦʨʛʘʥʝʣʣʘʤʠ. ʆʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʜʝʬʣʘʟʘʢʦʨʪ ʫʛʥʝʪʘʝʪ 

ʩʧʦʩʦʙʥʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʡ ʙʫʬʝʨʠʟʦʚʘʪʴ ʠ ʫʜʝʨʞʠʚʘʪʴ ʙʦʣʴʰʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ 

ʤʘʪʨʠʢʩʝ, ʩʥʠʞʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʢ ʠʥʜʫʢʮʠʠ ʥʝʩʧʝʮʠʬʠʯʝʩʢʦʡ ʧʝʨʤʝʘʙʠʣʠʟʘʮʠʠ ʚʥʫʪʨʝʥʥʝʡ 

ʤʝʤʙʨʘʥʳ ʦʨʛʘʥʝʣʣ. 

ɺʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ, 

ʭʘʨʘʢʪʝʨʠʟʫʪʁʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʮʠʢʣʠʟʘʮʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ (ʧʦʛʣʦʱʝʥʠʷ ʠ 

ʚʳʙʨʦʩʘ ʠʦʥʘ), ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʚ ʩʫʙʲʝʜʠʥʠʯʥʦʤ ʩʦʩʪʘʚʝ ʢʘʣʴʮʠʝʚʦʛʦ 

ʫʥʠʧʦʨʪʝʨʘ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʝʨʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ mdx-ʤʳʰʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʧʦʩʦʙʥʦʩʪʠ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ 

ʠʦʥʳ ʢʘʣʴʮʠʷ ʚ ʤʘʪʨʠʢʩʝ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʡ ʤʠʢʨʦʚʷʟʢʦʩʪʴ  ʁʤʝʤʙʨʘʥ ʦʨʛʘʥʝʣʣ ʠ 

ʫʩʪʦʡʯʠʚʦʩʪʴʶ ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨ.r ʇʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʪʘʢʠʝ ʧʝʨʝʩʪʨʦʡʢʠ ʤʦʛʫʪ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʘʜʘʧʪʘʮʠʠ ʩʝʨʜʮʘ ʢ ʫʩʣʦʚʠʷʤ ʄɼɼ ʠ ʦʪʩʨʦʯʠʚʘʪʴ ʨʘʟʚʠʪʠʝ ʚʳʨʘʞʝʥʥʦʡ 

ʩʝʨʜʝʯʥʦʡ ʧʘʪʦʣʦʛʠʠ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤr ʝhʡ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʠʷ ʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʵʪʦʛʦ 

ʠʦʥʘ, ʯʪʦ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʳʝ ʥʘʨʫʰʝʥʠʷ ʦʨʛʘʥʝʣʣ ʠ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʵʪʦʛʦ ʦʨʛʘʥʘ ʧʨʠ ʄɼɼ. 

ɺʧʝʨʚʳʝ ʚʳʷʚʣʝʥʦ ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʫʨʠʜʠʥʘ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʠ ʩʝʨʜʮʘ mdx-ʤʳʰʝʡ, ʢʦʪʦʨʦʝ ʚʳʨʘʞʘʝʪʩʷ ʚ ʩʥʠʞʝʥʠʠ ʫʨʦʚʥʷ 

ʬʠʙʨʦʟʘ ʚ ʪʢʘʥʷʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʢʘʢ ʠʟʚʝʩʪʥʳʤ ʢʦʤʧʣʝʢʩʥʳʤ ʚʣʠʷʥʠʝʤ 

ʫʨʠʜʠʥʘ ʥʘ ʵʥʝʨʛʝʪʠʯʝʩʢʠʡ ʦʙʤʝʥ, ʪʘʢ ʠ ʝʛʦ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʥʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʠ ʩʝʨʜʮʘ. ɺʧʝʨʚʳʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ ʫʨʠʜʠʥʘ mdx-ʤʳʰʘʤ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʠʷ 

ʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʵʪʦʛʦ ʠʦʥʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʠ ʩʝʨʜʮʘ ʞʠʚʦʪʥʳʭ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʪʢʘʥʷʭ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʢʪʠʚʘʮʠʷ ʉʘ2+-ʟʘʚʠʩʠʤʦʛʦ ʢʘʣʠʝʚʦʛʦ ʢʘʥʘʣʘ (mitoBKCa) ʩ 

ʧʦʤʦʱʴʶ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʝʥʟʠʤʠʜʘʟʦʣʘ NS1619 ʧʨʠʚʦʜʠʪ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ 

ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʠ ʩʝʨʜʮʘ mdx-ʤʳʰʝʡ, ʫʣʫʯʰʝʥʠʶ 

ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʝʣʣ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ NS1619 ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ mdx-ʤʳʰʝʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʫʨʦʚʥʷ ʙʝʣʢʘ mitoBKCa ʠ ʵʢʩʧʨʝʩʩʠʠ ʢʦʜʠʨʫʶʱʝʛʦ ʝʛʦ ʛʝʥʘ. ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʪʘʢʦʡ ʵʬʬʝʢʪ NS1619 ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʩʝʨʜʮʘ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ, ʩʥʠʞʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʠ ʬʠʙʨʦʟʘ 

ʚ ʪʢʘʥʷʭ. ʇʨʠ ʵʪʦʤ ʥʘʤʠ ʚʧʝʨʚʳʝ ʚʳʷʚʣʝʥʳ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ NS1619, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ 

ʩʥʠʞʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ 
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ʤʳʰʝʡ ʠ ʦʙʫʩʣʦʚʣʝʥʳ ʩʧʦʩʦʙʥʦʩʪʴʶ ʵʪʦʛʦ ʘʛʝʥʪʘ ʧʦʜʘʚʣʷʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ 

ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʦʨʛʘʥʝʣʣ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ MPT-ʧʦʨr ʩ ʧʦʤʦʱʴʶ 

ʥʝʠʤʤʫʥʦʩʫʧʨʝʩʩʠʚʥʦʛʦ ʘʛʝʥʪʘ ʘʣʠʩʧʦʨʠʚʠʨʘ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʩʧʦʩʦʙʥʦʩʪʠ 

ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-ʤʳʰʝʡ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʠ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʠʦʥʳ ʢʘʣʴʮʠʷ, 

ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʘʨʘʤʝʪʨʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʦʨʛʘʥʝʣʣ ʠ ʠʭ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ, 

ʘ ʪʘʢʞʝ ʩʥʠʞʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ 

ʬʫʥʢʮʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-ʤʳʰʝʡ. ʊʘʢʞʝ ʚʧʝʨʚʳʝ ʦʪʤʝʯʝʥʘ ʪʝʥʜʝʥʮʠʷ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ 

ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʚ 

ʫʩʣʦʚʠʷʭ ʚʚʝʜʝʥʠʷ ʠʤ ʘʣʠʩʧʦʨʠʚʠʨʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʠʩʧʦʨʠʚʠʨ 

ʩʥʠʞʘʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʜʠʥʘʤʠʢʫ, ʙʠʦʛʝʥʝʟ ʠ 

ʤʠʪʦʬʘʛʠʶ ʚ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ mdx-ʤʳʰʝʡ. ʊʘʢʞʝ ʧʝʨʚʳʝ ʚʳʷʩʥʝʥʦ, ʯʪʦ ʚ ʚʳʩʦʢʠʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʘʣʠʩʧʦʨʠʚʠʨ ʩʧʦʩʦʙʝʥ ʚʣʠʷʪʴ ʥʘ ʬʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʤʝʤʙʨʘʥ ʤʠʪʦʭʦʥʜʨʠʡ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʝʣʣ. 

ɺʧʝʨʚʳʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʟʘʤʝʩʪʠʪʝʣʴʥʘʷ ʪʝʨʘʧʠʷ, ʢʦʪʦʨʘʷ ʟʘʢʣʶʯʘʝʪʩ̫  

ʚʦ ʚʚʝʜʝʥʠʠ ʘʣʣʦʛʝʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʦʪ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ ʧʨʠʚʦʜʠʪ ʢ 

ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ. 

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʪʘʢʦʡ ʵʬʬʝʢʪ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʩʥʠʞʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʰʝʡ ʠ ʥʦʨʤʘʣʠʟʘʮʠʝʡ 

ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʦʨʛʘʥʝʣʣ. 

ʅʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ ʨʘʙʦʪʳ  

ʇʦʣʫʯʝʥʥʳʝ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ ʥʘʫʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʨʘʩʰʠʨʷʶʪ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʦ ʩʪʨʫʢʪʫʨʝ ʠ ʤʝʭʘʥʠʟʤʘʭ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʠ 

ʩʝʨʜʮʘ ʚ ʥʦʨʤʝ ʠ ʧʘʪʦʣʦʛʠʠ. ʉ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʦʥʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʩʣʝʜʠʪʴ ʮʝʧʴ ʜʨʘʤʘʪʠʯʝʩʢʠʭ 

ʩʦʙʳʪʠʡ ʚ ʧʦʧʝʨʝʯʥʦʧʦʣʦʩʘʪʦʡ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʦʙʫʩʣʦʚʣʝʥʥrʭ ʧʦʪʝʨʝʡ ʢʨʠʪʠʯʝʩʢʠ ʚʘʞʥʦʛʦ 

ʙʝʣʢʘ ʜʠʩʪʨʦʬʠʥʘ ʠ ʚʝʜʫʱʠʭ ʢ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 

ʩʝʪʠ, ʚʥʦʩʷʱʠʤ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʢʘʩʢʘʜʘ ʜʝʛʝʥʝʨʘʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʪʢʘʥʷʭ ʩʢʝʣʝʪʥʦʡ 

ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʩʝʨʜʮʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʧʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʟʤʝʥʝʥʠʷ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ, ʢʦʪʦʨʳʝ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʘʜʘʧʪʘʮʠʠ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ, 

ʪʢʘʥʝʡ ʠ ʦʨʛʘʥʠʟʤʘ ʚ ʮʝʣʦʤ ʢ ʫʩʣʦʚʠʷʤ ʤʳʝhʯʥʦʡ ʜʠʩʪʨʦʬʠʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥʳ ʧʦʜʭʦʜʳ, 

ʧʦʟʚʦʣʷʶʱʠʝ ʢʦʤʧʣʝʢʩʥʦ ʦʮʝʥʠʪʴ ʩʪʨʫʢʪʫʨʥʦ-ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʧʦʧʝʨʝʯʥʦʧʦʣʦʩʘʪʦʡ ʤʫʩʢʫʣʘʪʫʨʝ ʧʨʠ ʨʘʟʚʠʪʠʠ ʄɼɼ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʣʝʢʮʠʦʥʥʳʭ ʢʫʨʩʘʭ ʚ ʦʙʣʘʩʪʠ ʢʣʝʪʦʯʥʦʡ ʙʠʦʣʦʛʠʠ, ʙʠʦʬʠʟʠʢʠ, ʙʠʦʵʥʝʨʛʝʪʠʢʠ, 

ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʳ, ʧʦʩʢʦʣʴʢʫ ʜʠʩʬʫʥʢʮʠʷ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ ʢʣʝʪʦʢ, 
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ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʤʠʪʦʭʦʥʜʨʠʷʤʠ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʤʥʦʞʝʩʪʚʘ ʧʘʪʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ 

ʩʦʩʪʦʷʥʠʡ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʠʤʝʶʪ ʧʨʘʢʪʠʯʝʩʢʫʶ ʟʥʘʯʠʤʦʩʪʴ ʠ ʤʦʛʫʪ ʥʘʡʪʠ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʨʘʟʨʘʙʦʪʢʝ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʧʦʜʭʦʜʦʚ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʬʫʥʢʮʠʠ ʪʢʘʥʝʡ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ 

ʠ ʩʝʨʜʮʘ ʧʨʠ ʄɼɼ ʠ ʜʨʫʛʠʭ ʪʠʧʘʭ ʤʳʝhʯʥʳʭ ʜʠʩʪʨʦʬʠʡ, ʠʤʝʶʱʠʭ ʩʭʦʞʠʡ ʧʘʪʦʛʝʥʝʟ. 

ʆʩʥʦʚʥʳʝ ʥʘʫʯʥʳʝ ʧʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ: 

1. ɼʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʘʷ ʧʘʪʦʣʦʛʠʷ mdx-ʤʳʰʝʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʪʨʫʢʪʫʨʥʦ-

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʠ ʩʝʨʜʮʘ ʞʠʚʦʪʥʳʭ, 

ʦʙʫʩʣʦʚʣʝʥʥʳʤʠ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʚ ʙʝʣʢʦʚʳʭ ʢʦʤʧʣʝʢʩʘʭ ʦʨʛʘʥʝʣʣ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʪʨʘʥʩʧʦʨʪ ʠ 

ʫʨʦʚʝʥʴ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʢʘʣʠʷ. ʕʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, 

ʜʝʛʝʥʝʨʘʪʠʚʥʦʤʫ ʧʨʦʮʝʩʩʫ ʠ ʬʠʙʨʦʟʫ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʥʘʨʫʰʝʥʠʷʤ ʩʢʝʣʝʪʥʦʡ 

ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʩʝʨʜʮʘ. 

2. ʅʦʨʤʘʣʠʟʘʮʠʷ ʛʦʤʝʦʩʪʘʟʘ ʠʦʥʦʚ ʢʘʣʠʷ ʠ ʢʘʣʴʮʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʠ ʩʝʨʜʮʘ 

mdx-ʤʳʰʝʡ ʟʘʤʝʜʣʷʝʪ ʨʘʟʚʠʪʠʝ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʦʡ ʧʘʪʦʣʦʛʠʠ. 

3.  ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʟʘʤʝʩʪʠʪʝʣʴʥʘʷ ʪʝʨʘʧʠʷ, ʦʩʥʦʚʘʥʥʘʷ ʥʘ ʚʚʝʜʝʥʠʠ ʘʣʣʦʛʝʥʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʡ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʤʳʰʮ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ, ʚ ʩʢʝʣʝʪʥʫʶ ʤʫʩʢʫʣʘʪʫʨʫ mdx-

ʤʳʰʝʡ, ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. 

ʃʠʯʥʳʡ ʚʢʣʘʜ ʘʚʪʦʨʘ 

ʇʣʘʥʠʨʦʚʘʥʠʝ, ʦʨʛʘʥʠʟʘʮʠʷ, ʚʳʧʦʣʥʝʥʠʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ, ʘʥʘʣʠʟ ʜʘʥʥʳʭ, ʧʦʜʛʦʪʦʚʢʘ 

ʤʘʪʝʨʠʘʣʦʚ ʢ ʧʫʙʣʠʢʘʮʠʠ ʠ ʥʘʧʠʩʘʥʠʝ ʩʪʘʪʝʡ, ʠʭ ʧʝʨʝʚʦʜ (ʧʨʠ ʧʫʙʣʠʢʘʮʠʠ ʚ ʤʝʞʜʫʥʘʨʦʜʥʳʭ 

ʠʟʜʘʥʠʷʭ) ʥʘ ʘʥʛʣʠʡʩʢʠʡ ʷʟʳʢ ʧʨʦʚʦʜʠʣʩʷ ʧʨʠ ʣʠʯʥʦʤ ʫʯʘʩʪʠʠ ʘʚʪʦʨʘ. ʇʦʤʦʱʴ ʚ ʚʳʧʦʣʥʝʥʠʠ 

ʨʷʜʘ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʦʢʘʟʳʚʘʣʠ ʩʦʘʚʪʦʨʳ ʩʪʘʪʝʡ, ʩʦʪʨʫʜʥʠʢʠ ʄʘʨʠʡʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ 

ʫʥʠʚʝʨʩʠʪʝʪʘ (ʉʝʤʝʥʦʚʘ ɸ.ɸ., ʊʝʥʴʢʦʚ ʂ.ʉ., ʐʘʨʘʧʦʚ ɺ.ɸ., ɺʝʜʝʨʥʠʢʦʚ ɸ.ɸ.), ʘ ʪʘʢʞʝ 

ʩʦʪʨʫʜʥʠʢʠ ʀʥʩʪʠʪʫʪʘ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʙʠʦʬʠʟʠʢʠ ʈɸʅ (ɹʝʣʦʩʣʫʜʮʝʚʘ 

ʅ.ɺ., ʉʪʘʨʠʥʝʮ ɺ.ʉ., ʄʠʭʝʝʚʘ ʀ.ɹ., ʊʘʣʘʥʦʚ ɽ.ʖ.). 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ 

ɼʦʩʪʦʚʝʨʥʦʩʪʴ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʦʩʥʦʚʘʥʘ ʥʘ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʩʦʚʨʝʤʝʥʥʳʭ ʠ 

ʘʜʝʢʚʘʪʥʳʭ ʤʝʪʦʜʦʚ, ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʝ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʠ ʥʘ ʜʦʩʪʘʪʦʯʥʦʤ ʦʙʲʝʤʝ 

ʚʳʙʦʨʦʢ. ʕʢʩʧʝʨʠʤʝʥʪʳ ʚʳʧʦʣʥʝʥʳ ʥʘ ʩʝʨʪʠʬʠʮʠʨʦʚʘʥʥʳʭ ʞʠʚʦʪʥʳʭ ʩ ʛʝʥʝʪʠʯʝʩʢʠ 

ʦʙʫʩʣʦʚʣʝʥʥʳʤ ʜʝʬʠʮʠʪʦʤ ʜʠʩʪʨʦʬʠʥʘ. 

ɸʧʨʦʙʘʮʠʷ ʨʘʙʦʪʳ 

ʈʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʝʜʩʪʘʚʣʝʥʳ ʠ ʦʙʩʫʞʜʝʥʳ ʥʘ 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ Biomembranes 2018 (ɼʦʣʛʦʧʨʫʜʥʳʡ, 2018), ɺʩʝʨʦʩʩʠʡʩʢʦʡ 
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ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ çɹʠʦʭʠʤʠʷ ï ʦʩʥʦʚʘ ʥʘʫʢ ʦ ʞʠʟʥʠè (ʂʘʟʘʥʴ, 2019), VI ʠ 

VII  ʉʲʝʟʜʝ ʙʠʦʬʠʟʠʢʦʚ ʈʦʩʩʠʠ (ʉʦʯʠ, 2019; ʂʨʘʩʥʦʜʘʨ, 2023), XII ɺʩʝʨʦʩʩʠʡʩʢʦʤ ʩʠʤʧʦʟʠʫʤʝ ʩ 

ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɹʠʦʣʦʛʠʯʝʩʢʘʷ ʧʦʜʚʠʞʥʦʩʪʴè (ʇʫʱʠʥʦ, 2019), 72-ʡ, 73-ʡ, 74-ʡ ʠ 75-

ʡ ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʰʢʦʣʝ-ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ 

çɹʠʦʩʠʩʪʝʤʳ: ʦʨʛʘʥʠʟʘʮʠʷ, ʧʦʚʝʜʝʥʠʝ, ʫʧʨʘʚʣʝʥʠʝè (ʅʠʞʥʠʡ ʅʦʚʛʦʨʦʜ, 2019, 2020, 2021, 

2022), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʤʝʜʠʮʠʥʳè 

(ʁʦʰʢʘʨ-ʆʣʘ, 2020, 2021), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʈʝʮʝʧʪʦʨʳ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʘʷ 

ʩʠʛʥʘʣʠʟʘʮʠʷè (ʇʫʱʠʥʦ, 2021), X ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ ʰʢʦʣʳ-

ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʬʠʟʠʦʣʦʛʠʠ ʤʳʮh ʠ ʤʳʝhʯʥʦʡ ʜʝʷʪʝʣʴʥʦʩʪʠ, ʧʦʩʚʷʱʝʥʥʦʡ ʧʘʤʷʪʠ ʀ.ɹ. 

ʂʦʟʣʦʚʩʢʦʡ ʠ ʧʨʠʫʨʦʯʝʥʥʦʡ ʢ ɻʦʜʫ ʥʘʫʢʠ ʠ ʪʝʭʥʦʣʦʛʠʡ çʅʦʚʳʝ ʧʦʜʭʦʜʳ ʢ ʠʟʫʯʝʥʠʶ ʧʨʦʙʣʝʤ 

ʬʠʟʠʦʣʦʛʠʠ ʵʢʩʪʨʝʤʘʣʴʥʳʭ ʩʦʩʪʦʷʥʠʡè (ʄʦʩʢʚʘ, 2021), ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʝʩʪʝʩʪʚʝʥʥʳʭ ʥʘʫʢ ʠ ʬʘʨʤʘʮʠʠè (ʁʦʰʢʘʨ-ʆʣʘ, 2022, 2023), XXVIII 

ɺʩʝʨʦʩʩʠʡʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʤʦʣʦʜʳʭ ʫʯʝʥʳʭ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ çɸʢʪʫʘʣʴʥʳʝ 

ʧʨʦʙʣʝʤʳ ʙʠʦʤʝʜʠʮʠʥʳ ï 2022è (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2022), ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çYoung 

researchers: challenges and prospectsè (ʁʦʰʢʘʨ-ʆʣʘ, 2022), IX ʈʦʩʩʠʡʩʢʦʡ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ 

ʫʯʘʩʪʠʝʤ ʢʦʥʬʝʨʝʥʮʠʠ ʧʦ ʫʧʨʘʚʣʝʥʠʶ ʜʚʠʞʝʥʠʝʤ, ʧʦʩʚʷʱʝʥʥʦʡ 95-ʣʝʪʠʶ ʩʦ ʜʥʷ ʨʦʞʜʝʥʠʷ 

ʀ. ɹ. ʂʦʟʣʦʚʩʢʦʡ çMotor control 2022è (ʂʘʟʘʥʴ, 2022), XXIV ʩʲʝʟʜʝ ʌʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ 

ʆʙʱʝʩʪʚʘ ʠʤ. ʀ.ʇ. ʇʘʚʣʦʚʘ (ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ, 2023). 

ʇʫʙʣʠʢʘʮʠʠ 

ʆʩʥʦʚʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʠʩʩʝʨʪʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ 36 ʧʝʯʘʪʥʳʭ ʨʘʙʦʪʘʭ, ʚ ʪʦʤ ʯʠʩʣʝ 17 

ʩʪʘʪʴʷʭ ʚ ʚʝʜʫʱʠʭ ʥʘʫʯʥʳʭ ʨʝʮʝʥʟʠʨʫʝʤʳʭ ʞʫʨʥʘʣʘʭ, ʦʧʨʝʜʝʣʝʥʥʳʭ ɺʳʩʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ 

ʢʦʤʠʩʩʠʝʡ, ʠ 1 ʤʦʥʦʛʨʘʬʠʠ. 

ʉʪʨʫʢʪʫʨʘ ʠ ʦʙʲʝʤ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʠʟʣʦʞʝʥʘ ʥʘ 269 ʩʪʨʘʥʠʮʘʭ, ʚʢʣʶʯʘʝʪ ʚʚʝʜʝʥʠʝ, ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, 

ʦʧʠʩʘʥʠʝ ʤʘʪʝʨʠʘʣʦʚ ʠ ʤʝʪʦʜʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʦʙʩʪʚʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ, 

ʟʘʢʣʶʯʝʥʠʝ, ʚʳʚʦʜʳ, ʩʧʠʩʦʢ ʣʠʪʝʨʘʪʫʨʳ, ʩʦʜʝʨʞʘʱʠʡ 555 ʠʩʪʦʯʥʠʢʦʚ. ʈʘʙʦʪʘ ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 

111 ʨʠʩʫʥʢʘʤʠ ʠ 21 ʪʘʙʣʠʮʝʡ. 
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1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ 

ʅʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʦʮʝʥʢʝ ʨʦʣʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʚ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʧʘʪʦʣʦʛʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʩʝʨʜʮʘ ʧʨʠ ʤʠʦʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ (ʄɼɼ) ʥʘ 

ʤʦʜʝʣʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ mdx-ʤʳʝhʡ, ʘ ʪʘʢʞʝ ʚʳʷʩʥʝʥʠʶ ʚʦʟʤʦʞʥʦʩʪʠ ʢʦʨʨʝʢʮʠʠ ʵʪʦʡ 

ʧʘʪʦʣʦʛʠʠ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʦʨʛʘʥʝʣʣ. ɺ ʦʙʟʦʨʝ ʣʠʪʝʨʘʪʫʨʳ 

ʨʘʩʩʤʦʪʨʝʥʳ ʩʣʝʜʫʶʱʠʝ ʚʦʧʨʦʩʳ: 

 1. ʉʪʨʫʢʪʫʨʘ ʜʠʩʪʨʦʬʠʥʘ ʠ ʜʠʩʪʨʦʬʠʥ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʨʦʣʴ ʚ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ. 

2. ʕʪʠʦʣʦʛʠʷ ʄɼɼ. ʇʦʩʣʝʜʩʪʚʠʷ ʧʦʪʝʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʠʩʪʨʦʬʠʥʘ ʧʨʠ ʄɼɼ ï 

ʚʪʦʨʠʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʧʘʪʦʣʦʛʠʠ. 

3. ʈʦʣʴ ʥʘʨʫʰʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʚ 

ʨʘʟʚʠʪʠʠ ʄɼɼ. 

4. ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʧʨʠ 

ʄɼɼ, ʘ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʤʦʜʝʣʴʥʳʭ mdx-ʤʳʰʝʡ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʧʨʠ ʚʳʧʦʣʥʝʥʠʠ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ɺ ʧʝʨʚʦʡ ʛʣʘʚʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʨʘʩʩʤʦʪʨʝʥʘ ʩʪʨʫʢʪʫʨʘ ʙʝʣʢʘ ʜʠʩʪʨʦʬʠʥʘ ʠ 

ʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʨʠ ʝʛʦ ʫʯʘʩʪʠʠ ʜʠʩʪʨʦʬʠʥ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ, ʘ ʪʘʢʞʝ 

ʦʧʠʩʘʥʘ ʠʭ ʢʦʤʧʣʝʢʩʥʘʷ ʨʦʣʴ ʚ ʥʦʨʤʘʣʴʥʦʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʩʝʨʜʮʘ. 

ɺʦ ʚʪʦʨʦʡ ʛʣʘʚʝ ʦʙʟʦʨʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʤʝʭʘʥʠʟʤʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʄɼɼ ʠ ʚʪʦʨʠʯʥʳʝ 

ʝʝ ʧʨʦʷʚʣʝʥʠʷ, ʚʝʜʫʱʠʝ ʢ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ ʧʘʪʦʣʦʛʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʩʝʨʜʮʘ. ʆʩʦʙʳʡ 

ʘʢʮʝʥʪ ʩʜʝʣʘʥ ʥʘ ʘʥʘʣʠʟʝ ʤʝʭʘʥʠʟʤʦʚ, ʣʝʞʘʱʠʭ ʚ ʦʩʥʦʚʝ ʥʘʨʫʰʝʥʠʷ ʨʝʛʫʣʷʮʠʠ ʠʦʥʥʦʛʦ 

ʛʦʤʝʦʩʪʘʟʘ ʧʨʠ ʄɼɼ, ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʜʥʠʤ ʠʟ ʢʨʘʝʫʛʦʣʴʥʳʭ ʢʘʤʥʝʡ ʙʳʩʪʨʦʛʦ ʨʘʟʚʠʪʠʷ 

ʧʘʪʦʣʦʛʠʠ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʘʩʩʤʦʪʨʝʥʦ ʥʘʨʫʰʝʥʠʝ ʨʝʛʫʣʷʮʠʠ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʩʘʨʢʦʣʝʤʤʳ ʠ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ ʧʨʠ ʄɼɼ. 

ʇʦʩʢʦʣʴʢʫ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʠʟʫʯʝʥʠʶ ʨʦʣʠ ʜʠʩʬʫʥʢʮʠʠ ʙʠʦʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʘʧʧʘʨʘʪʘ 

ʢʣʝʪʢʠ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʨʘʟʚʠʪʠʠ ʄɼɼ, ʪʦ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ ʦʙʟʦʨʘ ʧʨʦʚʝʜʝʥ 

ʘʥʘʣʠʟ ʠʟʚʝʩʪʥʳʭ ʜʘʥʥʳʭ ʦ ʥʘʨʫʰʝʥʠʷʭ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ 

ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʠ ʩʝʨʜʮʝ ʚ ʫʩʣʦʚʠʷʭ ʄɼɼ. ʆʮʝʥʝʥ ʚʢʣʘʜ ʜʠʩʬʫʥʢʮʠʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʥɹʦʛʦ ʘʧʧʘʨʘʪʘ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʩʝʨʜʮʘ ʚ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʧʘʪʦʣʦʛʠʠ ʵʪʠʭ 

ʪʢʘʥʝʡ. 

ɺ ʟʘʢʣʶʯʠʪʝʣʴʥʦʡ ʛʣʘʚʝ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ 

ʧʦʜʭʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʣʝʯʝʥʠʷ ʄɼɼ ʠ ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʫʨʦʚʥʷ ʜʠʩʪʨʦʬʠʥʘ ʚ 

ʪʢʘʥʷʭ, ʨʘʩʩʤʦʪʨʝʥʳ ʚʘʨʠʘʥʪʳ ʢʦʨʨʝʢʪʠʨʫʶʱʝʡ ʪʝʨʘʧʠʠ, ʧʦʟʚʦʣʷʶʱʠʝ ʟʘʤʝʜʣʠʪʴ ʨʘʟʚʠʪʠʝ 
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ʟʘʙʦʣʝʚʘʥʠʷ. ʆʪʜʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʝʥʦ ʤʦʜʝʣʴʥʳʤ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʤ ʤʳʰʘʤ ʣʠʥʠʠ 

mdx, ʠʩʧʦʣʴʟʫʝʤʳʤ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʤʝʭʘʥʠʟʤʘ ʨʘʟʚʠʪʠʷ ʄɼɼ ʠ ʧʦʠʩʢʝ ʤʝʪʦʜʦʚ ʪʝʨʘʧʠʠ.  

1.1. ʉʪʨʫʢʪʫʨʘ ʜʠʩʪʨʦʬʠʥʘ ʠ ʜʠʩʪʨʦʬʠʥ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠ ʨʦʣʴ 

ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʳ ʝhʯʥʦʡ ʪʢʘʥʠ 

ɼʠʩʪʨʦʬʠʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʣʦʢ ʮʠʪʦʩʢʝʣʝʪʘ, ʢʦʜʠʨʫʝʤʳʡ ʦʜʥʠʤ ʠʟ 

ʩʘʤʳʭ ʜʣʠʥʥʳʭ ʛʝʥʦʚ ʯʝʣʦʚʝʯʝʩʢʦʛʦ ʦʨʛʘʥʠʟʤʘ DMD, ʣʦʢʘʣʠʟʦʚʘʥʥʦʤ ʥʘ ʢʦʨʦʪʢʦʤ ʧʣʝʯʝ 

ʍ-ʭʨʦʤʦʩʦʤʳ (ʣʦʢʫʩ Xp21.1-Xp22) ʠ ʦʭʚʘʪʳʚʘʶʱʝʤ ʙʦʣʝʝ 2,2 ʤʣʥ ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ ʠ 79 

ʵʢʟʦʥʦʚ ʠ ʢʦʜʠʨʫʶʱʠʡ ʪʨʘʥʩʢʨʠʧʪ ʤʈʅʂ ʨʘʟʤʝʨʦʤ 14 ʪʳʩʷʯ ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ (Bhat et al., 

2018). ɺʳʜʝʣʷʶʪ ʥʝʩʢʦʣʴʢʦ ʚʘʨʠʘʥʪʦʚ ʜʠʩʪʨʦʬʠʥʘ, ʢʘʞʜʳʡ ʠʟ ʢʦʪʦʨʳʭ ʪʨʘʥʩʢʨʠʙʠʨʫʝʪʩʷ ʩ 

ʨʘʟʥʳʭ ʧʨʦʤʦʪʦʨʦʚ ʠ ʠʤʝʝʪ ʨʘʟʥʳʝ ʧʝʨʚʳʝ ʵʢʟʦʥʳ (ʨʠʩʫʥʦʢ 1). ʊʘʢ, ʥʘʠʙʦʣʝʝ ʪʷʞʝʣʳʡ 

ʧʦʣʥʦʨʘʟʤʝʨʥʳʡ Dp427m ʚ ʦʩʥʦʚʥʦʤ ʚʳʨʘʞʝʥ ʚ ʧʦʧʝʨʝʯʥʦʧʦʣʦʩʘʪʳʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ, ʥʦ 

ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ ʛʣʘʜʢʠʭ ʤʳʮhʘʭ ʠ ʤʳʮhʘʭ ʩʝʨʜʮʘ, Dp427B ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʚ 

ʦʩʥʦʚʥʦʤ ʚ ʥʝʡʨʦʥʘʭ ʢʦʨʳ ʠ ʤʦʟʞʝʯʢʘ, ʘ Dp427P ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʢʣʝʪʢʘʭ 

ʇʫʨʢʠʥʴʝ ʤʦʟʞʝʯʢʘ (Bovolenta et al., 2012). ʂʨʦʤʝ ʪʦʛʦ, ʛʝʥ DMD ʪʘʢʞʝ ʤʦʞʝʪ ʠʤʝʪʴ 

ʚʥʫʪʨʝʥʥʠʝ ʧʨʦʤʦʪʦʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʜʠʩʪʘʣʴʥʦ. ʂʘʞʜʳʡ ʠʟ ʥʠʭ ʜʘʝʪ ʥʘʯʘʣʦ ʫʢʦʨʦʯʝʥʥʳʤ 

ʠʟʦʬʦʨʤʘʤ ʜʠʩʪʨʦʬʠʥʘ, ʪʘʢʠʤ ʢʘʢ Dp260 (ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʩʝʪʯʘʪʢʝ), Dp116 (ʚ 

ʧʝʨʠʬʝʨʠʯʝʩʢʦʡ ʥʝʨʚʥʦʡ ʩʠʩʪʝʤʝ), Dp140 (ʚ ʛʦʣʦʚʥʦʤ ʤʦʟʛʝ ʠ ʧʦʯʢʘʭ), Dp71 ʠ ʩʘʤʳʡ ʢʦʨʦʪʢʠʡ 

Dp40 (ʦʙʘ ʵʢʩʧʨʝʩʩʠʨʫʶʪʩʷ ʧʦʚʩʝʤʝʩʪʥʦ). ʇʨʠ ʵʪʦʤ ʠʟʦʬʦʨʤʘ Dp40 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʠʟ ʪʦʛʦ ʞʝ 

ʧʨʦʤʦʪʦʨʘ, ʯʪʦ ʠ Dp71, ʥʦ ʧʦʣʠʘʜʝʥʠʣʠʨʦʚʘʥʘ ʚ ʠʥʪʨʦʥʝ 70 (Blake et al., 2002; Tozawa et al., 

2012). 

ɺ ʧʦʧʝʨʝʯʥʦʧʦʣʦʩʘʪʳʭ ʤʳʮhʘʭ ʜʠʩʪʨʦʬʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʘʨʢʦʣʝʤʤʦʡ, 

ʮʠʪʦʩʢʝʣʝʪʦʤ (ʘʢʪʠʥʦʚʳʤʠ ʤʠʢʨʦʬʠʣʘʤʝʥʪʘʤʠ, ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʬʠʣʘʤʝʥʪʘʤʠ, 

ʤʠʢʨʦʪʨʫʙʦʯʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʨʦʜʩʪʚʝʥʥʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ ʙʝʣʢʘʤʠ), ʘ ʪʘʢʞʝ ʧʨʷʤʦ ʠʣʠ 

ʢʦʩʚʝʥʥʦ ʩ ʢʘʥʘʣʴʥʳʤʠ, ʩʠʛʥʘʣʴʥʳʤʠ ʠ ʢʘʨʢʘʩʥʳʤʠ ʙʝʣʢʘʤʠ. ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ ʜʠʩʪʨʦʬʠʥ ʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʝ ʩ ʥʠʤ ʩʪʨʫʢʪʫʨʳ ʦʙʨʘʟʫʶʪ ʜʠʩʪʨʦʬʠʥ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʡ ʙʝʣʢʦʚʳʡ 

ʢʦʤʧʣʝʢʩ (ɼɸɹʂ, ʨʠʩʫʥʦʢ 2) (Gao and McNally, 2015). ɼɸɹʂ ʙʳʣ ʦʪʢʨʳʪ ʚ ʥʘʯʘʣʝ 1990-ʭ ʛʦʜʦʚ 

ʠ ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʥʘʟʳʚʘʣʩʷ ʜʠʩʪʨʦʬʠʥ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʛʣʠʢʦʧʨʦʪʝʠʥʦʚʳʤ ʢʦʤʧʣʝʢʩʦʤ 

(ɼɻʂ), ʧʦʩʢʦʣʴʢʫ ʥʝʢʦʪʦʨʳʝ ʝʛʦ ʢʦʤʧʦʥʝʥʪʳ ʷʚʣʷʶʪʩʷ ʛʣʠʢʦʧʨʦʪʝʠʥʘʤʠ. ɺ ʩʦʩʪʘʚ ɼɸɹʂ, 

ʢʨʦʤʝ ʜʠʩʪʨʦʬʠʥʘ, ʚʭʦʜʷʪ Ŭ- ʠ ɓ-ʜʠʩʪʨʦʛʣʠʢʘʥʳ, ʦʙʨʘʟʫʶʱʠʝ ʜʠʩʪʨʦʛʣʠʢʘʥʦʚʳʡ ʩʫʙʢʦʤʧʣʝʢʩ, 

ʩʘʨʢʦʛʣʠʢʘʥʳ (Ŭ, ɓ ʠ ɔ), ʬʦʨʤʠʨʫʶʱʠʝ ʩʘʨʢʦʛʣʠʢʘʥʦʚʳʡ ʩʫʙʢʦʤʧʣʝʢʩ, ʘ ʪʘʢʞʝ ʩʘʨʢʦʩʧʘʥ, 

ʩʠʥʪʨʦʬʠʥʳ (Ŭ, ɓ1 ʠ ɓ2), ʜʠʩʪʨʦʙʨʝʚʠʥʳ (Ŭ1, Ŭ2, Ŭ3), ʥʝʡʨʦʥʘʣʴʥʘʷ NO-ʩʠʥʪʝʪʘʟʘ (nNOS) 

(Ervasti and Sonnemann, 2008). 
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ʈʠʩʫʥʦʢ 1 ï ʉʭʝʤʘ ʛʝʥʘ DMD ʠ ʙʝʣʢʘ ʜʠʩʪʨʦʬʠʥʘ: ɸ. ʇʦʣʥʦʨʘʟʤʝʨʥʳʡ ʛʝʥ DMD ʩʦʜʝʨʞʠʪ 

ʚʦʩʝʤʴ ʧʨʦʤʦʪʦʨʦʚ ʠ 79 ʵʢʟʦʥʦʚ. ʊʨʠ ʧʨʦʤʦʪʦʨʘ (Dp427b, Dp427m ʠ Dp427p) ʧʨʦʜʫʮʠʨʫʶʪ 

ʧʦʣʥʦʨʘʟʤʝʨʥʫʶ ʢɼʅʂ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʧʨʠʤʝʨʥʦ 11,4 ʪʳʩʷʯʠ ʧʘʨ ʥʫʢʣʝʦʪʠʜʦʚ, ʠ 

ʧʦʣʥʦʨʘʟʤʝʨʥʳʡ ʙʝʣʦʢ ʜʠʩʪʨʦʬʠʥ ʤʘʩʩʦʡ 427 ʢɼʘ. ʏʝʪʳʨʝ ʚʥʫʪʨʝʥʥʠʭ ʧʨʦʤʦʪʦʨʘ (Dp260, 

Dp140, Dp116 ʠ Dp71) ʧʨʦʜʫʮʠʨʫʶʪ ʫʢʦʨʦʯʝʥʥʳʝ ʥʝʤʳʝhʯʥʳʝ ʠʟʦʬʦʨʤʳ ʜʠʩʪʨʦʬʠʥʘ. 

ɸʣʴʪʝʨʥʘʪʠʚʥʳʡ ʩʧʣʘʡʩʠʥʛ ʥʘ 3'-ʢʦʥʮʝ ʠ ʘʣʴʪʝʨʥʘʪʠʚʥʦʝ ʧʦʣʠʘʜʝʥʠʣʠʨʦʚʘʥʠʝ ʧʦʟʚʦʣʷʶʪ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʟʦʬʦʨʤʳ ʜʠʩʪʨʦʬʠʥʘ, ʥʘʧʨʠʤʝʨ, Dp40. ɹ. ʇʦʣʥʦʨʘʟʤʝʨʥʳʡ 

ʜʠʩʪʨʦʬʠʥ ʩʦʩʪʦʠʪ ʠʟ ʯʝʪʳʨʝʭ ʦʩʥʦʚʥʳʭ ʜʦʤʝʥʦʚ: N-ʢʦʥʮʝʚʦʛʦ F-ʘʢʪʠʥ-ʩʚʷʟʳʚʘʶʱʝʛʦ ʜʦʤʝʥʘ 

(ɸʉɼ), ʢʦʜʠʨʫʝʤʦʛʦ ʵʢʟʦʥʘʤʠ 1ï8; ʮʝʥʪʨʘʣʴʥʦʛʦ ʜʦʤʝʥʘ, ʢʦʜʠʨʫʝʤʦʛʦ ʵʢʟʦʥʘʤʠ 8ï64; ʮʠʩʪʝʠʥ-

ʙʦʛʘʪʦʛʦ ʜʦʤʝʥʘ (ʎɹɼ), ʢʦʜʠʨʫʝʤʦʛʦ ʵʢʟʦʥʘʤʠ 64ï70; ʉ-ʢʦʥʮʝʚʦʛʦ ʜʦʤʝʥʘ (Cʂɼ), ʢʦʜʠʨʫʝʤʦʛʦ 

ʵʢʟʦʥʘʤʠ 71ï79. ʎʝʥʪʨʘʣʴʥʳʡ ʜʦʤʝʥ ʩʦʜʝʨʞʠʪ 24 ʩʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʭ ʧʦʚʪʦʨʘ ʠ 4 

çʰʘʨʥʠʨʥʳʭè ʫʯʘʩʪʢʘ (ʐʋ) 

ʄʦʣʝʢʫʣʘ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʩʪʨʦʬʠʥʘ ʩʦʩʪʦʠʪ ʠʟ 4 ʜʦʤʝʥʦʚ (ʨʠʩʫʥʢʠ 1 ʠ 2): N-

ʢʦʥʮʝʚʦʡ (ʠʣʠ ʘʢʪʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ) ʜʦʤʝʥ ʧʦʩʨʝʜʩʪʚʦʤ ʜʚʫʭ ʢʘʣʴʧʦʥʠʥ-ʛʦʤʦʣʦʛʠʯʥʳʭ ʤʦʪʠʚʦʚ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʘʢʪʠʥʦʤ (ʚ ʦʩʥʦʚʥʦʤ ʩ ɔ-ʘʢʪʠʥʦʤ) (Gao and McNally, 2015). ɼʠʩʪʨʦʬʠʥ ʷʚʣʷʝʪʩʷ 

ʷʢʦʨʥʳʤ ʙʝʣʢʦʤ ʜʣʷ ʘʢʪʠʥʘ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʦʥ ʚʦʚʣʝʯʝʥ ʚ ʢʦʥʪʨʦʣʴ ʜʝʬʦʨʤʘʮʠʠ ʧʦʚʝʨʭʥʦʩʪʠ 

ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ. ɿʘ ʥʠʤ ʩʣʝʜʫʝʪ ʮʝʥʪʨʘʣʴʥʳʡ ʜʦʤʝʥ, ʩʦʜʝʨʞʘʱʠʡ 24 ʩʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʭ 

ʧʦʚʪʦʨʘ ʠ 4 çʰʘʨʥʠʨʥʳʭè ʫʯʘʩʪʢʘ, ʠʤʝʝʪ ʩʠʣʴʥʦ ʚʳʪʷʥʫʪʫʶ ʬʦʨʤʫ ʠ, ʧʦʩʢʦʣʴʢʫ ʢʘʞʜʳʡ 

ʩʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʡ ʧʦʚʪʦʨ ʩʦʩʪʦʠʪ ʠʟ ʪʨʝʭ Ŭ-ʩʧʠʨʘʣʝʡ, ʷʚʣʷʝʪʩʷ ʜʦʩʪʘʪʦʯʥʦ ʛʠʙʢʠʤ ʠ 

ʵʣʘʩʪʠʯʥʳʤ. ʉʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʝ ʧʦʚʪʦʨʳ 11ï15 ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʶʪ ʩʚʷʟʳʚʘʥʠʝ ʜʠʩʪʦʬʠʥʘ ʩ 

ɔ-ʘʢʪʠʥʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ (Amann et al., 1998). ʂʨʦʤʝ ʪʦʛʦ, 

ʧʦʚʪʦʨʳ 4ï15 ʠ 20ï23 ʫʯʘʩʪʚʫʶʪ ʚ ʩʚʷʟʳʚʘʥʠʠ ʜʠʩʪʨʦʬʠʥʘ ʩ ʤʠʢʨʦʪʨʫʙʦʯʢʘʤʠ (Nelson et al., 

2020). ʉʣʝʜʦʤ ʟʘ ʮʝʥʪʨʘʣʴʥʳʤ ʜʦʤʝʥʦʤ ʨʘʩʧʦʣʘʛʘʝʪʩʷ ʮʠʩʪʝʠʥ-ʙʦʛʘʪʳʡ ʜʦʤʝʥ, ʢʦʪʦʨʳʡ 
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ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʩʚʷʟʴ ʮʠʪʦʩʢʝʣʝʪʘ ʤʳʝhʯʥʦʛʦ ʚʦʣʦʢʥʘ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ, ʘ ʪʘʢʞʝ 

ʢʦʥʪʘʢʪʠʨʫʝʪ ʩ ʢʘʣʴʮʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ ʩʘʨʢʦʣʝʤʤʳ. ʅʘʢʦʥʝʮ, ʧʦʩʣʝʜʥʠʡ ʉ-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ, 

ʩʚʷʟʳʚʘʶʱʠʡ ʜʠʩʪʨʦʙʨʝʚʠʥʳ ʠ ʩʠʥʪʨʦʬʠʥʳ, ʫʯʘʩʪʚʫʝʪ ʚ ʬʦʨʤʠʨʦʚʘʥʠʠ ɼɸɹʂ. 

 

ʈʠʩʫʥʦʢ 2 ï ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʩʪʨʦʬʠʥʘ ʩ ʜʨʫʛʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʢʣʝʪʢʠ ʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʤʘʪʨʠʢʩʘ. ʉʚʷʟʘʥʥʳʝ ʩ ʜʠʩʪʨʦʬʠʥʦʤ ʙʝʣʢʠ ʤʦʞʥʦ ʢʣʘʩʩʠʬʠʮʠʨʦʚʘʪʴ ʥʘ ʙʝʣʢʠ ʮʠʪʦʩʢʝʣʝʪʘ, 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʝ ʙʝʣʢʠ, ʚʥʝʢʣʝʪʦʯʥʳʝ ʙʝʣʢʠ, ʮʠʪʦʟʦʣʴʥʳʝ ʩʠʛʥʘʣʴʥʳʝ ʠ ʢʘʨʢʘʩʥʳʝ ʙʝʣʢʠ, 

ʵʥʜʦʮʠʪʘʨʥʳʝ ʙʝʣʢʠ. ɸʉɼ, ʘʢʪʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ; ʎʅʉ, ʮʝʥʪʨʘʣʴʥʘʷ ʥʝʨʚʥʘʷ ʩʠʩʪʝʤʘ; 

ʎɹɼ, ʮʠʩʪʝʠʥ-ʙʦʛʘʪʳʡ ʜʦʤʝʥ; Cʂɼ, ʉ-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ; ɼɻ, ʜʠʩʪʨʦʛʣʠʢʘʥ; NCX, ʥʘʪʨʠʡ-

ʢʘʣʴʮʠʝʚʳʡ ʦʙʤʝʥʥʠʢ; nNOS, ʥʝʡʨʦʥʘʣʴʥʘʷ NO-ʩʠʥʪʝʪʘʟʘ; NOX2, ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ 2 

ʂʨʦʤʝ ʪʦʛʦ, ʜʠʩʪʨʦʬʠʥ ʥʘʧʨʷʤʫʶ ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʜʚʫʤʷ ʙʝʣʢʘʤʠ ʧʨʦʤʝʞʫʪʦʯʥʳʭ 

ʬʠʣʘʤʝʥʪʦʚ, ʢʝʨʘʪʠʥʦʤ 19 (ʯʝʨʝʟ ʘʢʪʠʥ-ʩʚʷʟʳʚʘʶʱʠʡ ʜʦʤʝʥ) ʠ ʩʠʥʝʤʠʥʦʤ (ʯʝʨʝʟ ʩʧʝʢʪʨʠʥ-

ʧʦʜʦʙʥʳʝ ʧʦʚʪʦʨʳ 11-15 ʠ ʮʠʩʪʝʠʥ-ʙʦʛʘʪʳʡ ʜʦʤʝʥ) (Bhosle et al., 2006). ʇʦʤʠʤʦ ʩʠʥʝʤʠʥʘ, 

ʮʠʩʪʝʠʥ-ʙʦʛʘʪʳʡ ʜʦʤʝʥ ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʤ ʙʝʣʢʦʤ ɓ-ʜʠʩʪʨʦʛʣʠʢʘʥʦʤ 

(Huang et al., 2000), ʙʝʣʢʦʤ ʘʥʢʠʨʠʥʦʤ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʤ ʩʪʳʢʦʚʢʫ ʩ ʤʝʤʙʨʘʥʦʡ (Ayalon et al., 

2008), ʘ ʪʘʢʞʝ ʙʝʣʢʦʤ ʧʣʝʢʪʠʥʦʤ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʬʠʣʘʤʝʥʪʘʤʠ 

(Rezniczek et al., 2007). ʉʚʷʟʴ ʤʝʞʜʫ ʜʠʩʪʨʦʬʠʥʦʤ ʠ ʩʠʛʥʘʣʴʥʳʤʠ ʠ ʢʘʨʢʘʩʥʳʤʠ ʙʝʣʢʘʤʠ ʙʦʣʝʝ 
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ʩʣʦʞʥʘ, ʪʘʢ ʢʘʢ ʚʢʣʶʯʘʝʪ ʧʨʷʤʳʝ ʠ ʥʝʧʨʷʤʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ɼʠʩʪʨʦʬʠʥ ʥʘʧʨʷʤʫʶ 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ PAR1b (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʤ ʢʘʢ MARK2) ʯʝʨʝʟ ʩʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʝ ʧʦʚʪʦʨʳ 8ï10 

(Yamashita et al., 2010), nNOS (ʯʝʨʝʟ ʩʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʝ ʧʦʚʪʦʨʳ 16 ʠ 17) (Lai et al., 2009), Ŭ-

ʩʠʥʪʨʦʬʠʥʦʤ (ʯʝʨʝʟ ʜʚʘ ʩʘʡʪʘ ʩʚʷʟʳʚʘʥʠʷ ʩʠʥʪʨʦʬʠʥʘ ʚ ʉ-ʢʦʥʮʝʚʦʤ ʜʦʤʝʥʝ ʠ ʩʧʝʢʪʨʠʥ-

ʧʦʜʦʙʥʦʤ ʧʦʚʪʦʨʝ 17), ɓ1-ʩʠʥʪʨʦʬʠʥʦʤ ʠ ɓ2-ʩʠʥʪʨʦʬʠʥʦʤ (ʯʝʨʝʟ ʉ-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥ ʠ 

ʩʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʡ ʧʦʚʪʦʨ 22), Ŭ1-ʜʠʩʪʨʦʙʨʝʚʠʥʦʤ, Ŭ2-ʜʠʩʪʨʦʙʨʝʚʠʥʦʤ ʠ Ŭ3-ʜʠʩʪʨʦʙʨʝʚʠʥʦʤ 

(ʯʝʨʝʟ ʜʚʘ ʩʧʠʨʘʣʴʥʳʭ ʤʦʪʠʚʘ ʚ ʉ-ʢʦʥʮʝʚʦʤ ʜʦʤʝʥʝ), ʢʘʣʴʤʦʜʫʣʠʥʦʤ (ʯʝʨʝʟ ʮʠʩʪʝʠʥ-ʙʦʛʘʪʳʡ 

ʜʦʤʝʥ) (Anderson et al., 1996) ʠ ʤʠʦʩʧʨʠʥʦʤ (ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʤ ʢʘʢ CMYA5) ʧʦʩʨʝʜʩʪʚʦʤ 

ʮʠʩʪʝʠʥ-ʙʦʛʘʪʦʛʦ ʜʦʤʝʥʘ ʠ ʉ-ʢʦʥʮʝʚʦʛʦ ʜʦʤʝʥʘ (Reynolds et al., 2008). 

Ŭ-ʉʠʥʪʨʦʬʠʥ ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ɼɸɹʂ ʩ ʥʝʩʢʦʣʴʢʠʤʠ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ: 

ʢʘʣʴʮʠʝʚʦʡ ɸʊʌʘʟʦʡ ʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ, ʢʘʥʘʣʴʥʳʤʠ ʙʝʣʢʘʤʠ (ʢʘʣʴʮʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ 

TRPC1 ʠ TRPC4, ʥʘʪʨʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ Nav1.4 ʠ Nav1.5, ʢʘʣʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ Kiv2 ʠ Kiv4.1, ʘ 

ʪʘʢʞʝ ʚʦʜʦʧʨʦʚʦʜʷʱʠʤ ʢʘʥʘʣʦʤ ʘʢʚʘʧʦʨʠʥʦʤ 4), ʜʨʫʛʠʤʠ ʩʠʛʥʘʣʴʥʳʤʠ ʙʝʣʢʘʤʠ 

(ʢʘʣʴʤʦʜʫʣʠʥʦʤ, G-ʙʝʣʢʘʤʠ, Grb2, ʤʠʦʮʠʣʠʥʦʤ, ʜʠʘʮʠʣʛʣʠʮʝʨʦʣʢʠʥʘʟʦʡ-ɕ, SAPK3 (ʪʘʢʞʝ 

ʠʟʚʝʩʪʥʦʡ ʢʘʢ MAPK12 ʠʣʠ p38ɔ MAPK) ʠ ARMS (ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʡ ʢʘʢ KIDINS220) 

(Constantin, 2014; Gao and McNally, 2015; Allen et al., 2016). ɺ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ Ŭ-ʩʠʥʪʨʦʬʠʥ 

ʪʘʢʞʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩʦ ʩʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʤʠ ʧʦʚʪʦʨʘʤʠ 16 ʠ 17 ʩ ʮʝʣʴʶ ʩʚʷʟʳʚʘʥʠʷ nNOS ʢ 

ʩʘʨʢʦʣʝʤʤʝ (Constantin, 2014; Allen et al., 2016). ɓ1-ʩʠʥʪʨʦʬʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʩʠʛʥʘʣʴʥʤrʠ 

ʠ ʢʘʨʢʘʩʥʳʤʠ ʙʝʣʢʘʤʠ p38ɔ MAPK ʠ CARM1 (ʪʘʢʞʝ ʠʟʚʝʩʪʥʳʤʠ ʢʘʢ PRMT4), ʦʙʝʩʧʝʯʠʚʘʷ 

ʧʦʣʷʨʥʦʩʪ ɹ ʩʘʪʝʣʣʠʪʥʳʭ ʢʣʝʪʦʢ (Chang et al., 2018). ɓ2-ʩʠʥʪʨʦʬʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ 

ʩʠʛʥʘʣʴʥʳʤʠ ʠ ʢʘʨʢʘʩʥʳʤʠ ʙʝʣʢʘʤʠ MAST205 ʠ SAST (Lumeng et al., 1999). Ŭ-ɼʠʩʪʨʦʙʨʝʚʠʥ 

ʦʙʝʩʧʝʯʠʚʘʝʪ ʩʚʷʟʳʚʘʥʠʝ ʧʣʝʢʪʠʥʘ, ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʩ ʧʨʦʤʝʞʫʪʦʯʥʳʤʠ ʬʠʣʘʤʝʥʪʘʤʠ, ʙʝʣʢʘ 

ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʠʣʘʤʝʥʪʦʚ ʩʠʥʢʦʠʣʠʥʘ ʠ ʩʠʥʝʤʠʥʘ, ʩʧʠʨʘʣʴʥʦʛʦ ʙʝʣʢʘ ʜʠʩʙʠʥʜʠʥʘ, 

ʩʠʛʥʘʣʴʥʦʛʦ ʙʝʣʢʘ Ŭ-ʢʘʪʫʣʠʥʘ ʠ ʢʦʤʧʣʝʢʩʘ ʩʘʨʢʦʛʣʠʢʘʥ-ʩʘʨʢʦʩʧʘʥ ʩ ɼɸɹʂ (Constantin, 2014; 

Allen et al., 2016). ʄʠʦʩʧʨʠʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʜʠʩʙʠʥʜʠʥʦʤ, ʙʝʣʢʦʤ ʤʠʢʨʦʬʠʣʘʤʝʥʪʦʚ Ŭ-

ʘʢʪʠʥʠʥʦʤ, ʙʝʣʢʦʤ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʬʠʣʘʤʝʥʪʦʚ ʜʝʩʤʠʥʦʤ, ʩʠʛʥʘʣʴʥʳʤ ʙʝʣʢʦʤ 

ʢʘʣʴʮʠʥʝʚʨʠʥʦʤ ʠ ʧʨʦʪʝʠʥʢʠʥʘʟʦʡ ɸ (Constantin, 2014; Allen et al., 2016). 

ɺ ʜʦʧʦʣʥʝʥʠʝ ʢ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʙʝʣʢʘʤ ʜʠʩʪʨʦʛʣʠʢʘʥʦʚʳʡ ʩʫʙʢʦʤʧʣʝʢʩ ʠ ʢʦʤʧʣʝʢʩ 

ʩʘʨʢʦʛʣʠʢʘʥ-ʩʘʨʢʦʩʧʘʥ ʦʙʝʩʧʝʯʠʚʘʶʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʪʨʝʪʠʯʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ɼɸɹʂ ʩ 

ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʙʝʣʢʘʤʠ. ʉʨʝʜʠ ʥʠʭ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʙʝʣʢʠ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (ʪʘʢʠʝ, 

ʢʘʢ ʣʘʤʠʥʠʥ, ʘʛʨʠʥ, ʧʝʨʣʝʢʘʥ ʠ ʥʝʡʨʝʢʩʠʥ) (Sugita et al., 2001), ʚʥʝʢʣʝʪʦʯʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʠʣʠ 

ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʣʦʢ ʙʠʛʣʠʢʘʥ, ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʩʠʛʥʘʣʴʥʳʡ ʠʣʠ ʩʪʨʫʢʪʫʨʥʳʡ ʙʝʣʦʢ ʠʥʪʝʛʨʠʥ, 

ʩʠʛʥʘʣʴʥʳʝ ʙʝʣʢʠ (ʪʘʢʠʝ, ʢʘʢ Src, Grb2, Tks5 ʠ ʨʘʧʩʠʥ) ʠ ʵʥʜʦʮʠʪʘʨʥʳʝ ʙʝʣʢʠ (ʢʘʚʝʦʣʠʥ 3 ʠ 

ʜʠʥʘʤʠʥ 1) (Sugita et al., 2001; Constantin, 2014; Gao and McNally, 2015; Allen et al., 2016). 
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ʌʘʢʪʠʯʝʩʢʠ, ʜʠʩʪʨʦʬʠʥ, ʚʟʘʠʤʦʜʝʡʩʪʚʫʷ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ ɼɸɹʂ (ʨʠʩʫʥʦʢ 1), ʩʣʫʞʠʪ 

çʘʤʦʨʪʠʟʘʪʦʨʦʤè, ʧʨʝʜʦʭʨʘʥʷʶʱʠʤ ʩʘʨʢʦʣʝʤʤʫ ʠ ʤʳʝhʯʥʦʝ ʚʦʣʦʢʥʦ ʦʪ ʧʦʚʨʝʞʜʝʥʠʷ ʚ 

ʧʨʦʮʝʩʩʝ ʩʦʢʨʘʱʝʥʠʷ ʠ ʨʘʩʩʣʘʙʣʝʥʠʷ ʤʳʮh  r(Le et al., 2018). ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʜʠʩʪʨʦʬʠʥ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ ɼɸɹʂ ʚʳʩʪʫʧʘʝʪ ʚ ʨʦʣʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʢʘʩʘ, 

ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʩʙʦʨʢʫ ʠ ʨʝʛʫʣʷʮʠʶ ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʚʢʣʶʯʘʷ ʠʦʥʥʳʝ 

ʢʘʥʘʣʳ, ʤʝʭʘʥʦʯʫʚʩʪʚʠʪʝʣʴʥʝr ʢʘʥʘʣʳ ʠ ʚ ʮʝʣʦʤ ʟʘʥʠʤʘʝʪ ʮʝʥʪʨʘʣʴʥʦʝ ʤʝʩʪʦ ʚ 

ʤʝʭʘʥʦʪʨʘʥʩʜʫʢʮʠʠ ʚ ʢʦʩʪʘʤʝʨʝ ʠ ʤʳʝhʯʥʦʡ ʢʣʝʪʢʝ (Constantin, 2014; Gao and McNally, 2015; 

Allen et al., 2016). ɼʝʬʠʮʠʪ ʜʠʩʪʨʦʬʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʦʨʢʝ ɼɸɹʂ ʠ ʧʦʪʝʨʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʤʝʞʜʫ ʘʢʪʠʥʦʤ ʠ ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ, ʘ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʠʩʪʝʤ, ʥʘʧʨʷʤʫʶ ʠʣʠ ʢʦʩʚʝʥʥʦ ʘʩʩʦʮʠʠʨʦʚʘʥʥr ʭ ʩ ʜʠʩʪʨʦʬʠʥʦʤ ʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ɼɸɹʂ. ʆ ʧʦʩʣʝʜʩʪʚʠʷʭ ʧʦʪʝʨʠ ʜʠʩʪʨʦʬʠʥʘ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ɼɸɹʂ ʚ 

ʧʦʧʝʨʝʯʥʦʧʦʣʦʩʘʪʦʡ ʤʫʩʢʫʣʘʪʫʨʝ, ʥʘʙʣʶʜʘʝʤʳʭ ʧʨʠ ʜʠʩʪʨʦʬʠʥʦʧʘʪʠʷʭ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʧʨʠ 

ʄɼɼ, ʠ ʧʦʡʜʝʪ ʨʝʯʴ ʚ ʩʣʝʜʫʶʱʝʡ ʛʣʘʚʝ.  

1.2. ʕʪʠʦʣʦʛʠʷ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ. ʇʦʩʣʝʜʩʪʚʠʷ ʧʦʪʝʨʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ 

ʜʠʩʪʨʦʬʠʥʘ ʧʨʠ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

1.2.1. ʇʨʠʯʠʥʳ ʚʦʟʥʠʢʥʦʚʝʥʠʷ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ, ʧʨʦʷʚʣʝʥʠʷ ʧʘʪʦʣʦʛʠʠ ʠ 

ʵʧʠʜʝʤʠʦʣʦʛʠʷ  

ʄɼɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʷʞʝʣʦʝ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʝ ʟʘʙʦʣʝʚʘʥʠʝ, ʚʝʜʫʱʝʝ ʢ ʥʘʨʫʰʝʥʠʶ 

ʬʫʥʢʮʠʠ ʤʳʮh. ʇʦʚʳʰʝʥʥʘʷ ʫʪʦʤʣʝ̫ʤʦʩʪʴ ʠ ʤʳʝhʯʥʘ ̫ʩʣʘʙʦʩʪʴ ʧʨʦʷʚʣʷʝʪʩʷ ʫʞʝ ʚ ʨʘʥʥʝʤ 

ʜʝʪʩʪʚʝ (2 ï 3 ʛʦʜʘ) ʠ ʧʨʠʚʦʜʠʪ ʢ ʥʝʩʧʦʩʦʙʥʦʩʪʠ ʭʦʜʠʪʴ ʫʞʝ ʚʦ ʚʪʦʨʦʤ ʜʝʩʷʪʠʣʝʪʠʠ ʞʠʟʥʠ 

(Mercuri et al., 2019). ʇʨʠ ʄɼɼ ʦʪʤʝʯʝʥʦ ʧʦʨʘʞʝʥʠʝ ʩʢʝʣʝʪʥʦʡ, ʩʝʨʜʝʯʥʦʡ ʠ ʛʣʘʜʢʦʤʳʝhʯʥʦʡ 

ʤʫʩʢʫʣʘʪʫʨʳ, ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʡ ʠ ʚʳʜʝʣʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤ, ʦʜʥʘʢʦ ʠʤʝʥʥʦ ʩʢʝʣʝʪʥʘʷ 

ʤʫʩʢʫʣʘʪʫʨʘ ʧʦʨʘʞʘʝʪʩʷ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ (Mercuri et al., 2019). ʇʦʤʠʤʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ 

ʤʳʝhʯʥʦʡ ʩʣʘʙʦʩʪʠ ʫ ʧʘʮʠʝʥʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʟʘʜʝʨʞʢʘ ʚ ʨʘʟʚʠʪʠʠ, ʧʨʦʙʣʝʤʳ ʩ ʜʳʭʘʥʠʝʤ ʠ 

ʨʝʯʴʶ (Bushby et al., 2010; ɾʜʘʥʦʚʘ ʠ ʜʨ., 2011). ɹʦʣʝʝ ʯʝʤ ʫ 90% ʧʘʮʠʝʥʪʦʚ ʤʫʞʩʢʦʛʦ ʧʦʣʘ ʚ 

ʚʦʟʨʘʩʪʝ 18 ʣʝʪ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʥʘʙʣʶʜʘʶʪʩʷ ʧʨʠʟʥʘʢʠ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠʠ (Kamdar et al., 

2016; DôAmario et al., 2017), ʢʦʪʦʨʘʷ ʥʘ ʧʦʟʜʥʠʭ ʵʪʘʧʘʭ ʯʘʱʝ ʚʩʝʛʦ ʩʪʘʥʦʚʠʪʩʷ ʦʩʥʦʚʥʦʡ 

ʧʨʠʯʠʥʦʡ ʩʤʝʨʪʠ (Peter et al., 2011; Ware, 2017; Schultz et al., 2022). 

ʄɼɼ ʦʙʫʩʣʦʚʣʝʥʘ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʝ DMD, ʢʦʜʠʨʫʶʱʝʤ ʜʠʩʪʨʦʬʠʥ, ʢʦʪʦʨʳʝ 

ʧʨʝʧʷʪʩʪʚʫʶʪ ʚʳʨʘʙʦʪʢʝ ʤʳʝhʯʥʦʡ ʧʦʣʥʦʨʘʟʤʝʨʥʦʡ ʠʟʦʬʦʨʤʳ ʜʠʩʪʨʦʬʠʥʘ Dp427m (Aartsma-

Rus et al., 2006). ʄʫʪʘʮʠʠ ʚ ʛʝʥʝ DMD ʪʘʢʞʝ ʤʦʛʫʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʨʘʟʚʠʪʠʝ ʤʳʝhʯʥʦʡ 

ʜʠʩʪʨʦʬʠʠ ɹʝʢʢʝʨʘ (ʄɼɹ), ʢʦʪʦʨʘʷ ʧʨʦʷʚʣʷʝʪʩʷ ʤʝʥʝʝ ʪʷʞʝʣʦ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʝʝ ʧʦʟʜʥʠʤʠ 

ʧʨʦʷʚʣʝʥʠʷʤʠ ʩʠʤʧʪʦʤʦʚ ʠ ʙʦʣʝʝ ʤʝʜʣʝʥʥʳʤ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝʤ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʄɼɼ 
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(Mercuri et al., 2019). ʈʘʟʣʠʯʥʳʝ ʚʘʨʠʘʥʪʳ ʚ ʪʷʞʝʩʪʠ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʠ ʦʙʲʷʩʥʷʶʪʩʷ ʧʨʘʚʠʣʦʤ 

ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ (Monaco et al., 1986). ʂʘʢ ʫʢʘʟʘʥʦ ʚʳʰʝ, ʚ ʤʳʮhʘʭ ʜʠʩʪʨʦʬʠʥ ʩʚʷʟʳʚʘʝʪ F-

ʘʢʪʠʥ ʮʠʪʦʩʢʝʣʝʪʘ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ ʯʝʨʝʟ N-ʢʦʥʮʝʚʦʡ ʠ ʉ-ʢʦʥʮʝʚʦʡ ʜʦʤʝʥʳ 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʇʨʠ ʄɼɼ ʤʫʪʘʮʠʠ, ʚʝʜʫʱʠʝ ʢ ʩʜʚʠʛʫ ʨʘʤʢʠ ʩʯʠʪʳʚʘʥʠʷ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, 

ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ ʜʝʣʝʮʠʷʤʠ ʠʣʠ ʜʫʧʣʠʢʘʮʠʷʤʠ, ʚʢʣʶʯʘʶʱʠʤʠ ʨ̫ ʜ ʥʫʢʣʝʦʪʠʜʦʚ, ʥʝ 

ʢʨʘʪʥʳʭ ʪʨʝʤ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʦʥʩʝʥʩ-ʤʫʪʘʮʠʷʤʠ, ʧʨʠ 

ʢʦʪʦʨʳʭ ʢʦʜʦʥ ʘʤʠʥʦʢʠʩʣʦʪʳ ʟʘʤʝʥʷʝʪʩʷ ʩʪʦʧ-ʢʦʜʦʥʦʤ, ʯʪʦ ʚʳʟʳʚʘʝʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʫʶ 

ʪʝʨʤʠʥʘʮʠʶ ʪʨʘʥʩʣʷʮʠʠ ʙʝʣʢʘ ʠ ʧʨʦʜʫʢʮʠʠ ʥʝʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʠ ʥʝʩʪʘʙʠʣʴʥʦʛʦ ʜʠʩʪʨʦʬʠʥʘ 

(Duan et al., 2021). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʦʥʩʝʥʩ-ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʨʘʩʧʘʜ ʥʝ ʚʣʠʷʝʪ ʥʘ ʵʪʠ 

ʪʨʘʥʩʢʨʠʧʪʳ ʜʠʩʪʨʦʬʠʥʘ, ʦʜʥʘʢʦ ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚʳʟʳʚʘʶʪ ʩʥʠʞʝʥʠʝ ʧʨʦʜʫʢʮʠʠ 

ʪʨʘʥʩʢʨʠʧʪʦʚ (Garcia-Rodriguez et al., 2020). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠ ʄɼɹ ʤʫʪʘʮʠʠ ʚ ʩʝʨʝʜʠʥʝ ʛʝʥʘ 

(ʜʝʣʝʮʠʠ ʠʣʠ ʜʫʧʣʠʢʘʮʠʠ, ʩʦʜʝʨʞʘʱʠʝ ʯʠʩʣʦ ʥʫʢʣʝʦʪʠʜʦʚ, ʢʨʘʪʥʦʝ ʪʨʝʤ) ʥʝ ʥʘʨʫʰʘʶʪ ʨʘʤʢʫ 

ʩʯʠʪʳʚʘʥʠʷ ʠ ʧʦʟʚʦʣʷʶʪ ʧʨʦʠʟʚʦʜʠʪʴ ʜʠʩʪʨʦʬʠʥʳ ʩ ʤʝʥʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʩʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʭ 

ʧʦʚʪʦʨʦʚ, ʥʦ ʩʧʦʩʦʙʥʳʭ ʩʚʷʟʳʚʘʪʴʩʷ ʢʘʢ ʩ F-ʘʢʪʠʥʦʤ, ʪʘʢ ʠ ʩ ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ ʠ 

ʧʦʵʪʦʤʫ ʷʚʣʷʶʱʠʭʩʷ ʯʘʩʪʠʯʥʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ (ʨʠʩʫʥʦʢ 1) (Duan et al., 2021).  

ʇʘʪʦʣʦʛʠʠ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ ʧʦʪʝʨʝʡ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʠʩʪʨʦʬʠʥʘ 

(ʜʠʩʪʨʦʬʠʥʦʧʘʪʠʠ), ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʮʝʧʣʝʥʥʳʝ ʩ ʍ-ʭʨʦʤʦʩʦʤʦʡ ʨʝʮʝʩʩʠʚʥʳʝ 

ʟʘʙʦʣʝʚʘʥʠʷ, ʜʠʘʛʥʦʩʪʠʨʫʝʤʳʝ ʚ ʩʨʝʜʥʝʤ ʫ 1 ʠʟ 5000 ï 6000 ʤʘʣʴʯʠʢʦʚ (Mendell et al., 2012; 

Ryder et al., 2017). ʈʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʄɼɼ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 10 ʩʣʫʯʘʝʚ ʥʘ 100 000 

ʥʦʚʦʨʦʞʜʝʥʥʳʭ ʤʘʣʴʯʠʢʦʚ ʠ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʦʜʠʥʘʢʦʚʘ ʤʝʞʜʫ ʨʘʟʣʠʯʥʳʤʠ ʨʝʛʠʦʥʘʤʠ 

(Bladen et al., 2013; Mah et al., 2014; Ryder et al., 2017). ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʄɼɹ ʜʠʘʛʥʦʩʪʠʨʫʝʪʩʷ ʚ 

ʤʝʥʝʝ ʯʝʤ 8 ʩʣʫʯʘʝʚ ʠʟ 100 000 (Mah et al., 2014). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʤʘʣʦʛʦ 

ʚʨʝʤʝʥʠ ʥʘʙʣʶʜʝʥʠʡ ʥʝʠʟʚʝʩʪʥʦ, ʠʟʤʝʥʠʣʘʩʴ ʣʠ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴ ʄɼɼ ʚ ʭʦʜʝ ʨʘʟʚʠʪʠʷ 

ʯʝʣʦʚʝʯʝʩʪʚʘ. ʇʨʠ ʦʧʪʠʤʘʣʴʥʦʤ ʫʭʦʜʝ ʧʘʮʠʝʥʪʳ ʩ ʄɼɼ ʤʦʛʫʪ ʜʦʞʠʪʴ ʜʦ ʩʦʨʦʢʘ ʣʝʪ, ʚ 

ʦʩʥʦʚʥʦʤ ʙʣʘʛʦʜʘʨʷ ʧʦʜʜʝʨʞʘʥʠʶ ʩʝʨʜʝʯʥʦ-ʣʝʛʦʯʥʦʡ ʬʫʥʢʮʠʠ (Ryder et al., 2017). 

ɺʳʞʠʚʘʝʤʦʩʪʴ ʧʘʮʠʝʥʪʦʚ ʩ ʄɼɼ ʩʦ ʚʨʝʤʝʥʝʤ ʫʣʫʯʰʘʝʪʩʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʩʩʣʝʜʦʚʘʥʠʝ, 

ʧʨʦʚʝʜʝʥʥʦʝ ʚʦ ʌʨʘʥʮʠʠ, ʧʦʢʘʟʘʣʦ, ʯʪʦ ʩʨʝʜʥʷʷ ʦʞʠʜʘʝʤʘʷ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ 

ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʩʦʩʪʘʚʣʷʣʘ 25,8 ʛʦʜʘ ʩʨʝʜʠ ʨʦʜʠʚʰʠʭʩʷ ʜʦ 1970 ʛʦʜʘ, ʠ 40,9 ʛʦʜʘ 

ʜʣʷ ʪʝʭ, ʢʪʦ ʨʦʜʠʣʩʷ ʧʦʩʣʝ 1970 ʛʦʜʘ (Kieny et al., 2013). ʉʨʝʜʠ ʞʝʥʱʠʥ ʄɼɼ ʚʩʪʨʝʯʘʝʪʩʷ 

ʢʨʘʡʥʝ ʨʝʜʢʦ (<1 ʩʣʫʯʘʷ ʥʘ ʤʠʣʣʠʦʥ) ʠ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʩʦʦʙʱʝʥʠʷʤʠ ʦ ʣʠʮʘʭ ʩ ʩʠʥʜʨʦʤʦʤ 

ʊʝʨʥʝʨʘ, ʪʨʘʥʩʣʦʢʘʮʠʝʡ ʛʝʥʘ DMD ʠʣʠ ʙʠʘʣʣʝʣʴʥʳʤʠ ʤʫʪʘʮʠʷʤʠ ʚ ʛʝʥʝ (Ferrier et al., 1965; 

Satre et al., 2004; ʃʷʣʠʥʘ ʠ ʜʨ., 2021). ɾʝʥʱʠʥʳ-ʥʦʩʠʪʝʣʠ, ʠʤʝʶʱʠʝ ʤʫʪʘʮʠʶ ʛʝʥʘ DMD ʥʘ 

ʦʜʥʦʡ ʍ-ʭʨʦʤʦʩʦʤʝ, ʦʙʳʯʥʦ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʦʪʩʫʪʩʪʚʠʝʤ ʚʳʨʘʞʝʥʥʳʭ ʩʠʤʧʪʦʤʦʚ, ʚ ʨʝʜʢʠʭ 

ʩʣʫʯʘʷʭ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʧʨʦʷʚʣʝʥʠʷ, ʙʣʠʟʢʠʝ ʢ ʄɼɹ. ʇʨʠʙʣʠʟʠʪʝʣʴʥʦ ʫ 2,5ï19% ʥʦʩʠʪʝʣʝʡ 

ʤʫʪʘʮʠʡ ʥʘʙʣʶʜʘʶʪʩʷ ʩʠʤʧʪʦʤʳ, ʟʘʪʨʘʛʠʚʘʶʱʠʝ ʩʢʝʣʝʪʥʳʝ ʤʳʮhr , 7,3ï16,7% ʥʦʩʠʪʝʣʝʡ 



23 

 

ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʥʘʣʠʯʠʝ ʚʳʨʘʞʝʥʥʦʡ ʜʠʣʘʪʘʮʠʦʥʥʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ (Ishizaki et al., 2018). 

ʂʨʦʤʝ ʪʦʛʦ, ʥʦʩʠʪʝʣʠ ʤʦʛʫʪ ʭʘʨʘʢʪʝʨʠʟʦʚʘʪʴʩʷ ʥʘʣʠʯʠʝʤ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʝʨʜʝʯʥʳʭ 

ʩʠʤʧʪʦʤʦʚ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʘʥʦʤʘʣʴʥʫʶ ʵʭʦʢʘʨʜʠʦʛʨʘʤʤʫ, ʥʝ ʩʚʷʟʘʥʥʫʶ ʩ ʤʳʝhʯʥʦʡ 

ʜʠʩʬʫʥʢʮʠʝʡ. ʇʦʨʷʜʢʘ 13,3% ʞʝʥʱʠʥ, ʥʝʩʫʱʠʭ ʤʫʪʘʮʠʠ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʄɼɹ, ʠʤʝʶʪ 

ʩʠʤʧʪʦʤʳ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʜʠʣʘʪʘʮʠʦʥʥʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ, ʥʦ ʙʝʟ 

ʚʳʨʘʞʝʥʥʳʭ ʨʝʩʧʠʨʘʪʦʨʥʳʭ ʜʝʬʝʢʪʦʚ (Ishizaki et al., 2018). 

ʆʧʠʩʘʥʳ ʪʳʩʷʯʠ ʨʘʟʣʠʯʥʳʭ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ DMD. ʆʢʦʣʦ 60ï70% ʤʫʪʘʮʠʡ ʫ ʧʘʮʠʝʥʪʦʚ, 

ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʝʣʝʮʠʠ, 5ï15% ð ʜʫʧʣʠʢʘʮʠʠ ʠ, ʥʘʢʦʥʝʮ, 20% ð 

ʪʦʯʝʯʥʳʝ ʤʫʪʘʮʠʠ, ʥʝʙʦʣʴʰʠʝ ʜʝʣʝʮʠʠ ʠʣʠ ʚʩʪʘʚʢʠ (ʨʠʩʫʥʦʢ 3) (Aartsma-Rus et al., 2006; Magri 

et al., 2011). ɺ ʩʣʫʯʘʝ ʄɼɹ 60 ï 70% ʤʫʪʘʮʠʡ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʜʝʣʝʮʠʠ, 20% ï ʜʫʧʣʠʢʘʮʠʠ ʠ 

5 ï 10% ï ʪʦʯʝʯʥʳʝ ʤʫʪʘʮʠʠ, ʥʝʙʦʣʴʰʠʝ ʜʝʣʝʮʠʠ ʠʣʠ ʚʩʪʘʚʢʠ (Aartsma-Rus et al., 2006; Garcia et 

al., 2014). ɼʝʣʝʮʠʠ ʠ ʜʫʧʣʠʢʘʮʠʠ ʧʨʠ ʄɼɼ ʢʣʘʩʪʝʨʠʟʫʶʪʩʷ ʚ ʵʢʟʦʥʘʭ 45ï55 ʠ 3ï9, ʦʢʦʣʦ 47% ʠ 

7% ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʠʤʝʶʪ ʤʫʪʘʮʠʠ ʚ ʵʪʠʭ ʦʙʣʘʩʪʷʭ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Nakamura et 

al., 2017). 

 

ʈʠʩʫʥʦʢ 3 ï ʏʘʩʪʦʪʘ ʨʘʟʣʠʯʥʳʭ ʪʠʧʦʚ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ DMD, ʚʝʜʫʱʠʭ ʢ ʨʘʟʚʠʪʠʶ ʄɼɼ 

ɹʦʣʝʝ 99% ʧʘʮʠʝʥʪʦʚ ʩ ʄɼɼ ʠʣʠ ʄɼɹ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʣʠʯʠʝʤ ʜʝʣʝʮʠʡ, ʜʫʧʣʠʢʘʮʠʡ 

ʠʣʠ ʥʝʙʦʣʴʰʠʭ ʤʫʪʘʮʠʡ. ʆʜʥʘʢʦ ʠʤʝʶʪʩʷ ʩʚʠʜʝʪʝʣʴʩʪʚʘ ʠ ʦ ʙʦʣʝʝ ʢʨʫʧʥʳʭ ʛʝʥʦʤʥʳʭ 

ʧʝʨʝʩʪʨʦʡʢʘʭ ʤʝʞʜʫ ʍ-ʭʨʦʤʦʩʦʤʦʡ ʠ ʘʫʪʦʩʦʤʦʡ (ʥʝʧʦʣʦʚʦʡ ʭʨʦʤʦʩʦʤʦʡ) (Duan et al., 2021). 

ʆʧʠʩʘʥʳ ʥʝʩʢʦʣʴʢʦ ʩʣʫʯʘʝʚ ʪʨʘʥʩʣʦʢʘʮʠʡ ʛʝʥʘ DMD, ʢʦʪʦʨʳʝ ʚʝʜʫʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʄɼɼ ʢʘʢ 

ʫ ʤʫʞʯʠʥ, ʪʘʢ ʠ ʫ ʞʝʥʱʠʥ (Nevin et al., 1986). ɺ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʠʟ-ʟʘ 

ʥʝʩʣʫʯʘʡʥʦʡ ʠʥʘʢʪʠʚʘʮʠʠ ʥʝʧʦʨʘʞʝʥʥʦʡ ʍ-ʭʨʦʤʦʩʦʤʳ. ɺ ʵʪʠʭ ʩʣʫʯʘʷʭ ʢʣʝʪʢʠ ʩ ʠʥʘʢʪʠʚʘʮʠʝʡ 

ʤʫʪʠʨʦʚʘʥʥʦʡ ʍ-ʭʨʦʤʦʩʦʤʳ, ʢʦʪʦʨʳʝ ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʛʣʠ ʙʳ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʜʠʩʪʨʦʬʠʥ, 

ʥʝʞʠʟʥʝʩʧʦʩʦʙʥʳ ʚʩʣʝʜʩʪʚʠʝ ʠʥʘʢʪʠʚʠʨʫʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʭʨʦʤʦʩʦʤʥʦʡ ʪʨʘʥʩʣʦʢʘʮʠʠ ʥʘ 

ʘʫʪʦʩʦʤʳ. ɾʠʟʥʝʩʧʦʩʦʙʥʳʤʠ ʙʫʜʫʪ ʪʦʣʴʢʦ ʪʝ ʢʣʝʪʢʠ, ʚ ʢʦʪʦʨʳʭ ʠʥʘʢʪʠʚʠʨʦʚʘʥʘ 

ʥʝʧʦʚʨʝʞʜʝʥʥʘʷ ʍ-ʭʨʦʤʦʩʦʤʘ. ʆʜʥʘʢʦ ʦʥʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʥʝ ʩʧʦʩʦʙʥʳ ʧʨʦʜʫʮʠʨʦʚʘʪʴ 

ʜʠʩʪʨʦʬʠʥ ʠʟ-ʟʘ ʭʨʦʤʦʩʦʤʥʦʡ ʪʨʘʥʩʣʦʢʘʮʠʠ, ʚʣʠʷʶʱʝʡ ʥʘ ʛʝʥ DMD. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, 

ʞʝʥʱʠʥʳ, ʠʤʝʶʱʠʝ ʪʘʢʠʝ ʪʨʘʥʩʣʦʢʘʮʠʠ, ʥʝ ʩʧʦʩʦʙʥʳ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʢʘʢʠʝ-ʣʠʙʦ ʬʦʨʤʳ 

ʜʠʩʪʨʦʬʠʥʘ (Duan et al., 2021).  
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ʄʫʪʘʮʠʠ de novo (ʪʦ ʝʩʪʴ ʥʝ ʫʥʘʩʣʝʜʦʚʘʥʥʳʝ) ʚʩʪʨʝʯʘʶʪʩʷ ʢʘʢ ʧʨʠ ʄɼɼ, ʪʘʢ ʠ ʧʨʠ ʄɼɹ.  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʄɼɼ ʠ ʄɼɹ ʚʳʟʳʚʘʶʪʩʷ ʟʘʨʦʜʳʰʝʚʳʤʠ ʤʫʪʘʮʠʷʤʠ de novo ʫ ʪʨʝʪʠ 

ʧʘʮʠʝʥʪʦʚ (Chen et al., 2013; Garcia et al., 2014; Yu et al., 2017). ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʘʪʝʨʠ, 

ʢʦʪʦʨʳʝ ʥʝ ʷʚʣʷʶʪʩʷ ʩʦʤʘʪʠʯʝʩʢʠʤʠ ʥʦʩʠʪʝʣʷʤʠ ʤʫʪʘʮʠʡ ʚ ʛʝʥʝ DMD, ʥʦ ʠʤʝʶʱʠʝ ʜʝʪʝʡ ʩ 

ʜʠʘʛʥʦʟʦʤ ʄɼɼ ʠʣʠ ʄɼɹ, ʧʦʜʚʝʨʞʝʥʳ ʨʠʩʢʫ ʨʦʞʜʝʥʠʷ ʝʱʝ ʦʜʥʦʛʦ ʨʝʙʝʥʢʘ ʩ ʄɼɼ ʠʣʠ ʄɼɹ 

ʠʟ-ʟʘ ʤʦʟʘʠʮʠʟʤʘ ʢʣʝʪʦʢ ʟʘʨʦʜʳʰʝʚʦʡ ʣʠʥʠʠ (ʧʨʦʮʝʥʪ ʦʦʮʠʪʦʚ ʤʘʪʝʨʠ ʥʝʩʝʪ ʤʫʪʘʮʠʶ). ʏʘʩʪʦʪʘ 

ʟʘʨʦʜʳʰʝʚʦʛʦ ʤʦʟʘʠʮʠʟʤʘ ʚ ʦʦʮʠʪʘʭ ʠʣʠ ʩʧʝʨʤʘʪʦʟʦʠʜʘʭ ʚʘʨʴʠʨʫʝʪʩʷ ʦʪ ʯʝʣʦʚʝʢʘ ʢ ʯʝʣʦʚʝʢʫ ʠ 

ʤʦʞʝʪ ʜʦʩʪʠʛʘʪʴ 14% (Helderman-van den Enden et al., 2009).  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʄɼɼ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʘʙʦʣʝʚʘʥʠʝ, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʜʝʛʝʥʝʨʘʮʠʝʡ ʠ 

ʥʝʢʨʦʟʦʤ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ (Dreyfus et al., 1958), ʭʦʪʷ ʤʝʭʘʥʠʟʤʳ, ʣʝʞʘʱʠʝ ʚ ʦʩʥʦʚʝ ʛʠʙʝʣʠ 

ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ, ʥʝʷʩʥʳ. ʅʝʩʢʦʣʴʢʦ ʛʠʧʦʪʝʟ ʛʠʙʝʣʠ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ ʦʙʩʫʞʜʘʣʠʩʴ ʜʦ 

ʦʪʢʨʳʪʠʷ ʜʠʩʪʨʦʬʠʥʘ, ʚʢʣʶʯʘʷ ʠʰʝʤʠʶ, ʘʥʦʤʘʣʠʠ ʤʦʪʦʨʥʳʭ ʥʝʡʨʦʥʦʚ, ʜʝʬʠʮʠʪ 

ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ, ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʜʝʬʝʢʪʳ, ʥʘʨʫʰʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ 

ʧʦʚʨʝʞʜʝʥʠʝ ʩʘʨʢʦʣʝʤʤʳ (Moser, 1984). ʀʟ ʥʠʭ ʥʘʠʙʦʣʴʰʫʶ ʧʦʧʫʣʷʨʥʦʩʪʴ ʧʨʠʦʙʨʝʣʘ 

ʩʘʨʢʦʣʝʤʤʘʣʴʥʘʷ ʛʠʧʦʪʝʟʘ, ʧʦʩʢʦʣʴʢʫ ʦʥʘ, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʙʲʷʩʥʷʝʪ ʤʥʦʛʠʝ ʢʣʠʥʠʯʝʩʢʠʝ 

ʧʨʦʷʚʣʝʥʠʷ ʄɼɼ. ʉʦʛʣʘʩʥʦ ʩʘʨʢʦʣʝʤʤʘʣʴʥʦʡ ʛʠʧʦʪʝʟʝ, ʄɼɼ ʦʙʫʩʣʦʚʣʝʥʘ ʩʪʨʫʢʪʫʨʥʳʤʠ ʠ/ʠʣʠ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʩʘʨʢʦʣʝʤʤʘʣʴʥʦʛʦ ʙʝʣʢʘ ʚʩʣʝʜʩʪʚʠʝ ʤʫʪʘʮʠʡ ʚ ʢʦʜʠʨʫʶʱʝʤ ʝʛʦ 

ʛʝʥʝ (Moser, 1984). ʇʦʩʣʝʜʫʶʱʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʟʚʦʣʠʣʠ ʠʜʝʥʪʠʬʠʮʠʨʦʚʘʪ ɹʙʝʣʦʢ ʜʠʩʪʨʦʬʠʥ 

ʠ ʢʦʜʠʨʫʶʱʠʡ ʝʛʦ ʛʝʥ DMD, ʥʘʨʫʰʝʥʠʷ ʩʪʨʫʢʪʫʨʳ ʢʦʪʦʨʳʭ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʨʘʟʚʠʪʠʝ ʄɼɼ 

(Hoffman et al., 1987; Koenig et al, 1987). ʍʦʪʷ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʝʨʚʦʥʘʯʘʣʴʥʦʡ ʛʠʧʦʪʝʟʳ, ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʜʠʩʪʨʦʬʠʥ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʢʘʢ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʡr, ʘ ʥʝ ʩʘʨʢʦʣʝʤʤʘʣʴʥʳʡ 

ʙʝʣʦʢ. 

1.2.2. ʇʦʩʣʝʜʩʪʚʠʷ ʦʪʩʫʪʩʪʚʠʷ ʜʠʩʪʨʦʬʠʥʘ ï ʚʪʦʨʠʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʤʳʰʝʯʥʦʡ 

ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ  

 

ɼʝʬʠʮʠʪ ʜʠʩʪʨʦʬʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʙʦʨʢʝ ɼɸɹʂ ʠ ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʢ ʧʦʪʝʨʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ F-ʘʢʪʠʥʦʤ ʮʠʪʦʩʢʝʣʝʪʘ ʠ ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ. ʇʦʩʢʦʣʴʢʫ ɼɸɹʂ 

ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʤʝʭʘʥʠʯʝʩʢʫʶ ʠ ʩʠʛʥʘʣʴʥʫʶ ʨʦʣʴ ʚ ʧʦʜʜʝʨʞʘʥʠʠ ʩʪʨʫʢʪʫʨʥʦʡ ʮʝʣʦʩʪʥʦʩʪʠ 

ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ ʠ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ, ʪʦ ʥʘʨʫʰʝʥʠʝ ʝʛʦ ʮʝʣʦʩʪʥʦʩʪʠ ʧʨʠʚʦʜʠʪ ʢ 

ʰʠʨʦʢʦʤʘʩʰʪʘʙʥʳʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ. 

1.2.2.1. ʅʘʨʫʰʝʥʠʝ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʘʨʢʦʣʝʤʤʳ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʳʝhʯʥʘʷ ʩʠʣʘ ʛʝʥʝʨʠʨʫʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʮʠʢʣʦʚ 

ʩʦʢʨʘʱʝʥʠʷ ʠ ʨʘʩʩʣʘʙʣʝʥʠʷ ʩʘʨʢʦʤʝʨʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʵʬʬʝʢʪʠʚʥʦʡ ʘʤʦʨʪʠʟʘʮʠʠ ʚʦʟʥʠʢʘʶʱʝʛʦ 
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ʤʝʭʘʥʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ ʩʘʨʢʦʣʝʤʤʦʡ. ɺ ʟʜʦʨʦʚʦʡ ʤʳʮhʝ ʮʝʣʦʩʪʥʦʩʪʴ ʩʘʨʢʦʣʝʤʤʳ 

ʧʦʜʜʝʨʞʠʚʘʝʪʩʷ ʟʘ ʩʯʝʪ ʩʚʷʟʝʡ ʤʝʞʜʫ ʮʠʪʦʩʢʝʣʝʪʦʤ, ʩʘʨʢʦʣʝʤʤʦʡ ʠ ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ 

ʧʦʩʨʝʜʩʪʚʦʤ ɼɸɹʂ ʠ ʠʥʪʝʛʨʠʥʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ. ʇʨʠ ʄɼɼ ʨʘʟʙʦʨʢʘ ɼɸɹʂ ʧʨʠʚʦʜʠʪ ʢ 

ʦʩʣʘʙʣʝʥʠʶ ʤʝʭʘʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʩʘʨʢʦʣʝʤʤ,r ʢʦʪʦʨʘʷ ʩʪʘʥʦʚʠʪʩʷ ʯʫʚʩʪʚʠʪʝʣʴʥʦʡ ʢ 

ʧʦʚʨʝʞʜʝʥʠʶ ʚ ʭʦʜʝ ʘʢʪʘ ʩʦʢʨʘʱʝʥʠʷ (Duan et al., 2021). ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʥʝʩʢʦʣʴʢʠʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʚ ʤʳʮhʘʭ 

ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʨʘʟʨʳʚʳ ʩʘʨʢʦʣʝʤʤ r(Mokri and Engel, 1975). 

ʂʨʦʤʝ ʪʦʛʦ, ʨʘʟʨʳʚ ʩʘʨʢʦʣʝʤʤʳ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʧʦ ʧʘʩʩʠʚʥʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ 

ʮʠʨʢʫʣʠʨʫʶʱʠʭ ʙʝʣʢʦʚ, ʪʘʢʠʭ ʢʘʢ ʘʣʴʙʫʤʠʥ, IgG ʠʣʠ ʢʨʘʩʠʪʝʣʷ ʕʚʘʥʩʘ, ʘ ʪʘʢʞʝ ʚʳʜʝʣʝʥʠʶ 

ʤʳʝhʯʥʳʭ ʬʝʨʤʝʥʪʦʚ, ʪʘʢʠʭ ʢʘʢ ʢʨʝʘʪʠʥʢʠʥʘʟʘ, ʠʟ ʧʦʚʨʝʞʜʝʥʥʳʭ ʤʳʮh ʚ ʢʨʦʚʴ, ʯʪʦ ʦʩʦʙʝʥʥʦ 

ʚʳʨʘʞʝʥʦ ʧʦʩʣʝ ʬʠʟʠʯʝʩʢʠʭ ʫʧʨʘʞʥʝʥʠʡ ʢʘʢ ʫ ʣʶʜʝʡ, ʪʘʢ ʠ ʫ ʤʦʜʝʣɹ ʥʳʭ ʤʳʝhʡ (Aartsma-Rus 

and van Putten, 2014). ɹʦʣʝʝ ʪʦʛʦ, ʧʦʚʨʝʞʜʝʥʠʝ ʤʳʮh ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʨʦʚʥʝʤ ʤʳʝhʯʥʦʛʦ 

ʩʪʨʝʩʩʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʠʙʦʣʝʝ ʬʠʟʠʯʝʩʢʠ ʥʘʛʨʫʞʝʥʥʳʝ ʤʳʮhʳ, ʪʘʢʠʝ ʢʘʢ ʜʠʘʬʨʘʛʤʘ, 

ʧʦʨʘʞʘʶʪʩʷ ʨʘʥʴʰʝ ʠ ʚ ʙʦʣʝʝ ʪʷʞʝʣʦʡ ʩʪʝʧʝʥʠ, ʯʝʤ ʤʝʥʝʝ ʥʘʛʨʫʞʝʥʥʳʝ ʤʳʮh  r(Stedman et al., 

1991). 

1.2.2.2. ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʠʰʝʤʠʷ 

ʅʝʙʦʣʴʰʠʝ ʦʙʣʘʩʪʠ ʤʳʝhʯʥʦʡ ʜʝʛʝʥʝʨʘʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʧʝʨʚʳʝ 

ʧʨʠʟʥʘʢʠ ʧʦʨʘʞʝʥʠʷ ʤʳʮh ʫ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʦʥʠ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʤʝʯʝʥʳʭ 

ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ ʧʦʧʝʨʝʯʥʳʭ ʩʨʝʟʘʭ ʙʠʦʧʪʘʪʦʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʫʞʝ ʚ ʧʝʨʚʳʡ ʛʦʜ 

ʞʠʟʥʠ ʜʦ ʧʦʷʚʣʝʥʠʷ ʚʳʨʘʞʝʥʥʳʭ ʩʠʤʧʪʦʤʦʚ ʟʘʙʦʣʝʚʘʥʠʷ (Pearson, 1962; Bradley et al., 1972). 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʤ, ʯʪʦ ʜʠʩʪʨʦʬʠʥ (ʚ ʯʘʩʪʥʦʩʪʠ, ʝʛʦ ʩʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʝ 

ʧʦʚʪʦʨʳ 16 ʠ 17) ʟʘʷʢʦʨʠʚʘʝʪ nNOS ʢ ʩʘʨʢʦʣʝʤʤʝ ʜʣʷ ʚʳʨʘʙʦʪʢʠ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʦʢʩʠʜʘ ʘʟʦʪʘ 

ʚ ʦʢʨʫʞʘʶʱʠʝ ʩʦʩʫʜʳ ʧʨʠ ʥʘʛʨʫʟʢʝ ʤʳʮh, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʚʘʟʦʜʠʣʘʪʘʮʠʠ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ 

ʧʝʨʬʫʟʠʶ ʢʨʦʚʠ ʚ ʩʦʢʨʘʱʘʶʱʠʭʩʷ ʤʳʮhʘʭ (Brenman et al., 1995). ɺ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʪʨʦʬʠʥʘ 

nNOS ʥʝʧʨʘʚʠʣʴʥʦ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʩʘʨʢʦʧʣʘʟʤʝ, ʦʙʱʠʡ ʢʣʝʪʦʯʥʳʡ ʫʨʦʚʝʥʴ nNOS ʧʨʠ ʵʪʦʤ 

ʩʥʠʞʘʝʪʩʷ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʨʝʛʫʣʷʮʠʠ ʚʘʟʦʜʠʣʘʪʘʮʠʠ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʠʰʝʤʠʯʝʩʢʦʤʫ ʧʦʚʨʝʞʜʝʥʠʶ ʤʳʮh (Sander et al., 2000). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʠʩʪʨʦʬʠʥʳ, 

ʩʦʜʝʨʞʘʱʠʝ ʩʧʝʢʪʨʠʥ-ʧʦʜʦʙʥʳʝ ʧʦʚʪʦʨʳ 16 ʠ 17, ʵʬʬʝʢʪʠʚʥʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʶʪ ʣʦʢʘʣʠʟʘʮʠʶ ʠ 

ʬʫʥʢʮʠʶ nNOS ʠ ʫʣʫʯʰʘʶʪ ʤʳʝhʯʥʫʶ ʧʘʪʦʣʦʛʠʶ ʥʘ ʤʦʜʝʣʴʥʳʭ ʤʳʘhʭ ʠ ʩʦʙʘʢʘʭ (Lai et al., 

2009; Kodippili et al., 2018). 

1.2.2.3. ʉʚʦʙʦʜʥʦʨʘʜʠʢʘʣʴʥʦʝ ʧʦʚʨʝʞʜʝʥʠʝ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʳʝhʯʥʘʷ ʪʢʘʥʴ ʤʦʜʝʣʴʥʳʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʠ 

ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʧʨʦʠʟʚʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʯʝʤ 
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ʥʦʨʤʘʣʴʥʳʝ ʤʳʮhʳ. ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʤʳʮhʘʭ ʷʚʣʷʝʪʩʷ 

ʅɸɼʌʅ-ʦʢʩʠʜʘʟʘ 2 (NOX2), ʛʝʥʝʨʠʨʫʶʱʘʷ ɸʌʂ. NOX2 ʘʢʪʠʚʠʨʫʝʪʩʷ ʙʝʣʢʦʤ Rac1, ʩʚʷʟʘʥʥʳʤ 

ʩ ʤʠʢʨʦʪʨʫʙʦʯʢʘʤʠ, ʵʪʦ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʤʝʭʘʥʠʯʝʩʢʦʤ ʨʘʩʪʷʞʝʥʠʠ ʤʳʮhʳ ʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʧʨʦʜʫʢʮʠʝʡ ɸʌʂ ʧʨʠ ʫʯʘʩʪʠʠ NOX2 (Prosser et al., 2011; Khairallah et al., 2012). NOX2-

ʦʧʦʩʨʝʜʦʚʘʥʥʘ ̫ ʧʨʦʜʫʢʮʠ ̫ ɸʌʂ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʝʪʩʷ ʧʨʠ ʄɼɼ, ʧʦʩʢʦʣʴʢʫ ʨʝʰʝʪʢʘ 

ʤʠʢʨʦʪʨʫʙʦʯʝʢ ʩʪʘʥʦʚʠʪʩʷ ʧʣʦʪʥʦʡ ʠ ʜʝʟʦʨʛʘʥʠʟʦʚʘʥʥʦʡ ʠʟ-ʟʘ ʧʦʪʝʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 

ʜʠʩʪʨʦʬʠʥʘ ʠ ʤʠʢʨʦʪʨʫʙʦʯʝʢ (Prosser et al., 2011; Khairallah et al., 2012). ɽʱʝ ʦʜʥʠʤ ʚʘʞʥʳʤ 

ʠʩʪʦʯʥʠʢʦʤ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʜʠʩʪʨʦʬʠʯʥʳʭ ʤʳʮhʘʭ ʷʚʣʷʶʪʩʷ ʘʢʪʠʚʥʳʝ ʬʦʨʤʳ ʘʟʦʪʘ 

(ɸʌɸ), ʧʨʦʜʫʮʠʨʫʝʤʳʝ ʚ ʨʝʟʫʣʴʪʘʪʝ ʘʢʪʠʚʘʮʠʠ nNOS ʚ ʮʠʪʦʟʦʣʝ (Li  et al., 2011). ʂʨʦʤʝ ʪʦʛʦ, 

ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʄɼɼ ʠʥʬʠʣʴʪʨʠʨʫʶʱʠʝ ʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʢʣʝʪʢʠ ʠ ʜʠʩʬʫʥʢʮʠʦʥʘʣʴʥʳʝ 

ʤʠʪʦʭʦʥʜʨʠʠ ʚʥʦʩʷʪ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʜʫʢʮʠʶ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʚ ʤʳʮhʘʭ. ʂʘʢ 

ʨʝʟʫʣʴʪʘʪ, ʘʢʢʫʤʫʣʷʮʠʷ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʤʘʨʢʝʨʦʚ 

ʦʢʠʩʣʝʥʠʷ ʙʝʣʢʦʚ, ʣʠʧʠʜʦʚ ʠ ɼʅʂ ʚ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʮhʘʭ, ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ 

ʩʫʱʝʩʪʚʦʚʘʥʠʝ ʮʠʢʣʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʤʫʩʢʫʣʘʪʫʨʳ (Kim et al., 2013; Grounds et 

al., 2020).  

ʅʝʦʙʭʦʜʠʤʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤʳ ʘʥʪʠʦʢʩʠʜʘʥʪʥʦʡ ʟʘʱʠʪʳ 

ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ ʧʨʠ ʄɼɼ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʠʩʪʨʦʬʠʯʥʳʝ ʤʳʮhʳ ʙʦʣʝʝ ʫʷʟʚʠʤʳ ʢ 

ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ ʩʪʨʝʩʩʫ, ʯʝʤ ʟʜʦʨʦʚʳʝ ʤʳʮh  r (Rando, 2001). ɺʦʩʩʪʘʥʦʚʣʝʥʥʳʡ ʛʣʫʪʘʪʠʦʥ 

ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʠ ʚʘʞʥʳʭ ʘʥʪʠʦʢʩʠʜʘʥʪʦʚ, ʟʘʱʠʱʘʶʱʠʭ 

ʤʳʮhʳ ʦʪ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʧʦʚʨʝʞʜʝʥʠʷ; ʦʜʥʘʢʦ ʝʛʦ ʫʨʦʚʝʥʴ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥ ʚ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʮhʘʭ (Petrillo et al., 2017), ʧʦʵʪʦʤʫ ʩʧʦʩʦʙʥʦʩʪʴ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ 

ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʦʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʘ ʧʨʠ ʄɼɼ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ 

ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʘʣʠʯʠʝ ʜʘʥʥʳʭ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʭ ʦ ʚʘʞʥʦʡ ʨʦʣʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʧʘʪʦʛʝʥʝʟʝ ʄɼɼ, ʘʥʪʠʦʢʩʠʜʘʥʪʥʘʷ ʪʝʨʘʧʠʷ ʥʝ ʧʦʢʘʟʘʣʘ ʫʙʝʜʠʪʝʣʴʥʳʭ 

ʢʣʠʥʠʯʝʩʢʠʭ ʨʝʟʫʣʴʪʘʪʦʚ ʫ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʵʪʦʡ ʧʘʪʦʣʦʛʠʝʡ (Kim et al., 2013). 

1.2.2.4. ʅʘʨʫʰʝʥʠʝ ʨʝʛʝʥʝʨʘʮʠʠ ʤʳ ʝhʯʥʦʡ ʪʢʘʥʠ 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʢ ʘʜʝʢʚʘʪʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʣʝʞʠʪ ʚ ʦʩʥʦʚʝ ʘʪʨʦʬʠʠ ʤʳʮh 

ʠ ʟʘʤʝʱʝʥʠʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʠ ʞʠʨʦʚʦʡ ʪʢʘʥʴʶ. ʈʷʜ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ɼɸɹʂ ʠʛʨʘʝʪ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʫʶ ʨʦʣʴ ʚ ʨʝʛʝʥʝʨʘʮʠʠ ʤʳʮh 

(Dumont et al., 2015; Chang et al., 2018). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʟʜʦʨʦʚʦʡ ʤʳʮhr  ʝʝ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʧʨʦʠʩʭʦʜʠʪ ʧʦʩʨʝʜʩʪʚʦʤ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʝʣʝʥʠʷ ʩʘʪʝʣʣʠʪʥʳʭ ʢʣʝʪʦʢ ʧʨʠ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʙʝʣʢʦʚ ɼɸɹʂ (ʜʠʩʪʨʦʬʠʥ-PAR1b ʠ ɓ1-ʩʠʥʪʨʦʬʠʥ-p38ɔ/Carm1), ʥʝʦʙʭʦʜʠʤʳʭ 

ʜʣʷ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ (Dumont et al., 2015; Chang et al., 2018). ʈʘʟʙʦʨʢʘ ɼɸɹʂ ʥʘʨʫʰʘʝʪ 

ʤʠʦʛʝʥʥʫʶ ʧʨʠʚʝʨʞʝʥʥʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʩʘʪʝʣʣʠʪʥʳʭ ʢʣʝʪʦʢ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʠʚʦʜʠʪ 
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ʢ ʥʘʨʫʰʝʥʠʶ ʧʨʦʮʝʩʩʘ ʨʝʛʝʥʝʨʘʮʠʠ. ʍʦʪʷ ʵʪʘ ʪʝʦʨʠʷ, ʚʦʟʤʦʞʥʦ, ʨʘʩʢʨʳʚʘʝʪ ʧʦʪʝʥʮʠʘʣʴʥʦʝ 

ʧʨʷʤʦʝ ʚʣʠʷʥʠʝ ʧʦʪʝʨʠ ʜʠʩʪʨʦʬʠʥʘ ʥʘ ʨʝʛʝʥʝʨʘʮʠʶ, ʥʝʦʙʭʦʜʠʤ r ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ, ʢʘʢ ʥʘʨʫʰʝʥʠʝ ʘʩʠʤʤʝʪʨʠʯʥʦʛʦ ʜʝʣʝʥʠʷ 

ʩʘʪʝʣʣʠʪʥʳʭ ʢʣʝʪʦʢ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʨʝʛʝʥʝʨʘʮʠʠ, ʢʘʢ ʫ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ, ʪʘʢ ʠ ʫ 

ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʨʫʰʝʥʠʷ ʚ ʧʨʦʮʝʩʩʝ ʨʝʛʝʥʝʨʘʮʠʠ 

ʧʨʦʠʩʭʦʜʪ̫ ʠʟ-ʟʘ ʢʦʩʚʝʥʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʠʟʤʝʥʝʥʠʡ ʚ ʤʠʢʨʦʦʢʨʫʞʝʥʠʠ, ʚʳʟʚʘʥʥʳʭ ʧʦʪʝʨʝʡ 

ʜʠʩʪʨʦʬʠʥʘ, ʪʘʢʠʭ ʢʘʢ ʨʝʩʪʨʫʢʪʫʨʠʟʘʮʠʷ ʤʘʪʨʠʢʩʘ, ʵʧʠʛʝʥʝʪʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʠ ʭʨʦʥʠʯʝʩʢʦʝ 

ʚʦʩʧʘʣʝʥʠʝ (Bello and Pegoraro, 2019; Cappellari et al., 2020). 

1.2.3. ʅʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʩʘʨʢʦʣʝʤʤʳ ʧʨʠ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʂʘʢ ʫʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 1.1, ʜʠʩʪʨʦʬʠʥ ʚ ʢʦʤʧʣʝʢʩʝ ʩ ʜʨʫʛʠʤʠ ʙʝʣʢʘʤʠ ɼɸɹʂ ʚʳʩʪʫʧʘʝʪ ʚ 

ʨʦʣʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʢʘʨʢʘʩʘ, ʢʦʦʨʜʠʥʠʨʫʶʱʝʛʦ ʩʙʦʨʢʫ ʠ ʧʨʘʚʠʣʴʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʨʘʟʣʠʯʥʳʭ 

ʩʠʛʥʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʠ ʚ ʪʦʤ ʯʠʩʣʝ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ. ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʩʨʝʜʩʪʚʦʤ Ŭ-ʩʠʥʪʨʦʬʠʥʘ 

ɼɸɹʂ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩʘʨʢʦʣʝʤʤʳ, ʘ ʠʤʝʥʥʦ ʢʘʣʴʮʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ 

TRPC1 and TRPC4, ʥʘʪʨʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ Nav1.4 and Nav1.5, ʢʘʣʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ Ki v2 ʠ Ki v4.1 

(ʨʠʩʫʥʦʢ 4) (Constantin et al., 2014). ʌʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʢʘʥʘʣʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʥʘʨʫʰʘʝʪʩʷ 

ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʜʠʩʪʨʦʬʠʥʘ (ʚ ʩʣʫʯʘʝ ʄɼɼ ʠʣʠ ʄɼɹ) ʠ ʜʨʫʛʠʭ ʧʘʪʦʣʦʛʠʷʭ, ʩʚʷʟʘʥʥʳʭ ʩ 

ʧʦʪʝʨʝʡ ʢʦʤʧʦʥʝʥʪʦʚ ɼɸɹʂ (Allard, 2006; Leyva-Leyva et al., 2018) 

 

ʈʠʩʫʥʦʢ 4 ï ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ɼɸɹʂ ʩ ʠʦʥʥʳʤʠ ʢʘʥʘʣʘʤʠ ʩʘʨʢʦʣʝʤʤʳ, ʮʠʪʦʩʢʝʣʝʪʦʤ ʠ 

ʚʥʝʢʣʝʪʦʯʥʳʤ ʤʘʪʨʠʢʩʦʤ: Ŭ-ɼɻ ð Ŭ-ʜʠʩʪʨʦʛʣʠʢʘʥ, ɓ-ɼɻ ð ɓ-ʜʠʩʪʨʦʛʣʠʢʘʥ, Ŭ-ʉʠʥ ð Ŭ-

ʩʠʥʪʨʦʬʠʥ, ʉʉ ð ʩʘʨʢʦʩʧʘʥ, TRPC ð ʢʘʥʘʣ ʧʝʨʝʤʝʥʥʦʛʦ ʨʝʮʝʧʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ, CaV ð 

ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʡ ʢʘʣʴʮʠʝʚʳʡ ʢʘʥʘʣ, Ki v ï ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʡ ʢʘʣʠʝʚʳʡ ʢʘʥʘʣ 
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1.2.3.1. ɼʠʩʨʝʛʫʣʷʮʠʷ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ ʩʘʨʢʦʣʝʤʤʳ ʧʨʠ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ 

ɼʶʰʝʥʥʘ 

ʅʘʨʫʰʝʥʠʝ ʢʘʣʴʮʠʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʷʚʣʷʝʪʩʷ, ʧʦʞʘʣʫʡ, ʦʜʥʠʤ ʠʟ ʚʘʞʥʝʡʰʠʭ 

ʧʦʩʣʝʜʩʪʚʠʡ ʧʦʪʝʨʠ ʮʝʣʦʩʪʥʦʩʪʠ ɼɸɹʂ. ʊʨʘʥʩʢʨʠʧʪʦʤʥʳʡ ʘʥʘʣʠʟ ʙʠʦʧʪʘʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ 

ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʚʳʷʚʠʣ ʠʟʤʝʥʝʥʠʷ ʠʣʠ ʘʢʪʠʚʘʮʠʶ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ 

ʛʦʤʝʦʩʪʘʟʝ ʢʘʣʴʮʠʷ (Tian et al., 2014). ɼʠʩʨʝʛʫʣʷʮʠʷ ʢʘʣʴʮʠʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʠʟʙʳʪʦʯʥʦʤ ʚʭʦʜʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠʟ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʚ ʤʳʝhʯʥʳʝ ʢʣʝʪʢʠ ʠ 

ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʫʞʝ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ï ʥʘʨʫʰʝʥʠʝ ʢʘʣʴʮʠʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ 

ʧʨʠ ʄɼɼ ʚ ʥʝ ʧʦʣʥʦʩʪʴʶ ʜʠʬʬʝʨʝʥʮʠʨʦʚʘʥʥʳʭ ʤʳʝhʯʥʳʭ ʪʨʫʙʢʘʭ ʫʞʝ ʥʘ ʩʪʘʜʠʠ 

ʚʥʫʪʨʠʫʪʨʦʙʥʦʛʦ ʨʘʟʚʠʪʠʷ (Harisseh et al., 2013; Emery and Burt, 1980).  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʟʙʳʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʢʘʣʴʮʠʷ ʚ ʤʳʝhʯʥʳʝ ʢʣʝʪʢʠ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʷʚʣʝʥʠʝʤ ʤʠʢʨʦʨʘʟʨʳʚʦʚ ʚ ʩʘʨʢʦʣʝʤʤʝ (ʨʠʩʫʥʦʢ 5) ʚ ʭʦʜʝ ʤʝʭʘʥʠʯʝʩʢʦʛʦ 

ʩʪʨʝʩʩʘ, ʯʪʦ, ʙʝʟʫʩʣʦʚʥʦ, ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʩʘʨʢʦʣʝʤʤʳ ʜʣʷ ʠʦʥʦʚ 

(Petrof et al., 1993; Danialou et al., 2001; Cooper and Head, 2015). 

 

ʈʠʩʫʥʦʢ 5 ï ʉʭʝʤʘʪʠʯʥʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʦʩʦʙʝʥʥʦʩʪʝʡ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʧʫʪʝʡ ʪʨʘʥʩʧʦʨʪʘ 

ʠʦʥʦʚ ʯʝʨʝʟ ʩʘʨʢʦʣʝʤʤʫ ʚ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʧʦʧʝʨʝʯʥʦʧʦʣʦʩʘʪʳʭ ʤʳʮhʘʭ ʠ ʧʦʩʣʝʜʩʪʚʠʷ 

ʵʪʠʭ ʠʟʤʝʥʝʥʠʡ: 1 ï ʤʝʭʘʥʠʯʝʩʢʠʝ ʤʠʢʨʦʨʘʟʨʳʚʳ ʩʘʨʢʦʣʝʤʤʳ; 2 ï ʘʢʪʠʚʘʮʠʷ 

ʧʫʨʠʥʦʨʝʮʝʧʪʦʨʦʚ P2X7; 3 ï ʘʢʪʠʚʘʮʠʷ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʠ ʧʝʨʝʥʦʩʯʠʢʦʚ. ʉʠʤʚʦʣʦʤ ʩʝʨʜʮʘ 

ʦʪʤʝʯʝʥʦ ʧʦʜʘʚʣʝʥʠʝ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʛʦ ʥʘʪʨʠʝʚʦʛʦ ʢʘʥʘʣʘ Nav1.5 ʚ ʜʠʩʪʨʦʬʠʯʥʦʤ ʩʝʨʜʮʝ. 

TRPC ï ʢʘʥʘʣʳ ʧʝʨʝʤʝʥʥʦʛʦ ʨʝʮʝʧʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ; NHE ï Na+/H+-ʦʙʤʝʥʥʠʢ; NCX ï 

Na+/Ca2+-ʦʙʤʝʥʥʠʢ 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʭʘʥʠʯʝʩʢʠʝ ʨʘʟʨʳʚʳ ʩʘʨʢʦʣʝʤʤʳ ʤʳʝhʯʥʳʭ 

ʚʦʣʦʢʦʥ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ mdx-ʤʳʝhʡ ʩʧʦʩʦʙʥʳ ʙʳʩʪʨʦ ʚʦʩʩʪʘʥʘʚʣʠʚʘʪʴʩʷ (Townsend et 
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al., 2010), ʧʦʵʪʦʤʫ ʚʢʣʘʜ ʵʪʦʛʦ ʧʫʪʠ ʚ ʜʠʩʨʝʛʫʣʷʮʠʶ ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʦʮʝʥʠʪʴ ʜʦʩʪʘʪʦʯʥʦ 

ʩʣʦʞʥʦ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʤʝʤʙʨʘʥʥʳʭ ʛʝʨʤʝʪʠʢʦʚ, ʪʘʢʠʭ ʢʘʢ 

Poloxamer 188 ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʭ, ʚ ʨʷʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʚʦʜʠʣʦ ʢ ʫʣʫʯʰʝʥʠʶ ʬʫʥʢʮʠʠ 

ʩʝʨʜʮʘ ʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʠ ʩʦʙʘʢ (Houang et al., 2015; Markham 

et al., 2015). ʆʜʥʘʢʦ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʳʚʘʝʪ ʦʪʩʫʩʪʩʪʚʠʝ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʪʘʢʦʛʦ 

ʧʦʜʭʦʜʘ (Quinlan et al., 2006; Terry et al., 2014). 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʠʟʙʳʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʢʘʣʴʮʠʷ ʚ ʤʳʝhʯʥʦʝ ʚʦʣʦʢʥʦ 

ʩʚʷʟʘʥʦ ʩ ʜʠʩʬʫʥʢʮʠʝʡ ʢʘʣʴʮʠʡ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʢʘʥʘʣʦʚ ʩʘʨʢʦʣʝʤʤʳ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ 

ʢʘʥʘʣʳ ʧʝʨʝʤʝʥʥʦʛʦ ʨʝʮʝʧʪʦʨʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ (ʠʣʠ TRPC ï Transient Receptor Potential 

Channels), ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʝ ʢʘʣʴʮʠʝʚʳʝ ʢʘʥʘʣʳ (CaV), ʧʫʨʠʥʦʨʝʮʝʧʪʦʨʳ P2X7 ʠ ʢʘʥʘʣʳ 

ʜʝʧʦ-ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʭʦʜʘ ʢʘʣʴʮʠʷ (ʠʣʠ SOCE ï Store-Operated Calcium Entry) (ʨʠʩʫʥʢʠ 5 ʠ 6). 

ʉʘʨʢʦʣʝʤʤʘʣʴʥʳʝ TRPC ʘʢʪʠʚʠʨʫʶʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʠʩʪʦʱʝʥʠʷ ʟʘʧʘʩʦʚ Ca2+ ʠ/ʠʣʠ ʥʘʪʷʞʝʥʠʷ 

ʤʝʤʙʨʘʥʳ ʠ ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʪʘʢ ʥʘʟʳʚʘʝʤʳʭ ʩʪʨʝʪʯʘʢʪʠʚʠʨʫʝʤʳʭ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ 

(stretch-activated channels, SAC). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʫʨʦʚʝʥʴ TRP ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, C1, C3, and C6 

ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥ ʚ ʩʢʝʣʝʪʥʳʭ, ʩʝʨʜʝʯʥʳʭ ʠ ʛʣʘʜʢʠʭ ʤʳʮhʘʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ mdx-

ʤʳʝhʡ (Vandebrouck et al., 2007; Gervasio et al., 2008; Lopez et al., 2020). ɼʦ ʥʝʜʘʚʥʝʛʦ ʚʨʝʤʝʥʠ 

ʥʘʠʙʦʣʝʝ ʠʟʫʯʝʥʥʳʤ ʷʚʣʷʣʩʷ ʧʫʪʴ ʪʨʘʥʩʧʦʨʪʘ ʢʘʣʴʮʠʷ ʧʦʩʨʝʜʩʪʚʦʤ TRPC1, ʬʦʨʤʠʨʫʝʤʳʡ ʧʨʠ 

ʫʯʘʩʪʠʠ ʪʠʨʦʟʠʥ-ʧʨʦʪʝʠʥʢʠʥʘʟʳ Src ʠ ʢʘʚʝʦʣʠʥʘ-3 (Gervasio et al., 2008) ʠ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʡ 

ʩ ɼɸɹʂ, ʘ ʠʤʝʥʥʦ ʩ ʜʠʩʪʨʦʬʠʥʦʤ ʠ Ŭ1-ʩʠʥʪʨʦʬʠʥʦʤ, ʢʦʪʦʨʳʝ ʩʣʫʞʘʪ ʢʘʨʢʘʩʦʤ ʜʣʷ ʩʠʛʥʘʣʴʥʳʭ 

ʤʦʣʝʢʫʣ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʫʣʷʮʠʠ TRPC1 ʠ ʜʨʫʛʠʭ ʠʟʦʬʦʨʤ ʵʪʦʛʦ ʢʘʥʘʣʘ (Sabourin et al., 

2009a). ʇʦʪʝʨʷ ʜʠʩʪʨʦʬʠʥʘ ʠ ʮʝʣʦʩʪʥʦʩʪʠ ɼɸɹʂ ʚ ʩʣʫʯʘʝ ʄɼɼ ʜʝʣʘʝʪ ʵʪʠ ʢʘʥʘʣʳ ʙʦʣʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʳʤʠ ʢ ʤʝʭʘʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ (Sabourin et al., 2009ʙ). ʅʘʧʨʠʤʝʨ, ʚ ʩʣʫʯʘʝ TRPC6 

ʵʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ Ca2+ ʢʘʣʴʤʦʜʫʣʠʥ-ʟʘʚʠʩʠʤʦʡ ʢʠʥʘʟʦʡ (CaMKII) (Shi et al., 2013) ʠʣʠ 

ʢʠʥʘʟʦʡ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʦʪʚʝʪʘ (ERK1/2) (Shen et al., 2011; Seo et al., 2014ʘ,ʙ), ʚʝʜʫʱʠʤ ʢ 

ʘʢʪʠʚʘʮʠʠ TRPC6 ʠ ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ TRPC6 ʧʦʚʳʰʝʥ ʚ ʩʝʨʜʝʯʥʦʡ ʠ ʩʢʝʣʝʪʥʦʡ ʤʳʮhʘʭ ʫ mdx-ʤʳʝhʡ (Lopez 

et al., 2020) ʠ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ. ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʘʷ ʠʣʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʘʷ ʠʥʘʢʪʠʚʘʮʠʷ TRPC6 ʩ ʧʦʤʦʱʴʶ ʤʘʣʦʡ ʤʦʣʝʢʫʣʳ BI 749327 ʧʨʠʚʦʜʠʪ ʢ 

ʫʣʫʯʰʝʥʠʶ ʩʢʝʣʝʪʥʦʡ ʠ ʩʝʨʜʝʯʥʦʡ ʤʦʨʬʦʣʦʛʠʠ ʠ ʩʤʷʛʯʝʥʠʶ ʜʠʩʬʫʥʢʮʠʠ, ʘ ʪʘʢʞʝ 

ʫʤʝʥʴʰʝʥʠʶ ʜʝʬʦʨʤʘʮʠʠ ʩʢʝʣʝʪʘ ʫ ʤʳʝhʡ, ʠʩʢʫʩʩʪʚʝʥʥʦ ʣʠʰʝʥʥʳʭ ʢʘʢ ʜʠʩʪʨʦʬʠʥʘ, ʪʘʢ ʠ 

ʫʪʨʦʬʠʥʘ (ʤʳʠh mdx/utrnï/ï), ʢʦʪʦʨʳʝ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʪʷʞʝʣʫʶ ʤʦʜʝʣʴ ʄɼɼ (Lin et al., 

2022). ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʯʘʩʪʠʝ TRPC6 ʚ ʨʘʟʚʠʪʠʠ ʧʘʪʦʣʦʛʠʠ ʧʦʧʝʨʝʯʥʦʧʦʣʦʩʘʪʳʭ ʤʳʮh ʧʨʠ 

ʄɼɼ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʜʘʚʥʦ ʥʘ ʤʦʜʝʣʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʢʨʳʩ ʪʘʢʞʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ TRPC3 ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʥʘʙʣʶʜʘʝʪʩʷ ʫʞʝ ʚ 1,5-ʤʝʩʷʯʥʦʤ ʚʦʟʨʘʩʪʝ, 
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ʪʦʛʜʘ ʢʘʢ ʫʨʦʚʝʥʴ TRPC1 ʜʦʩʪʦʚʝʨʥʦ ʧʦʚʳʰʘʝʪʩʷ ʪʦʣʴʢʦ ʥʘ 7 ʤʝʩʷʮ ʨʘʟʚʠʪʠʷ ʞʠʚʦʪʥʳʭ, ʧʨʠ 

ʵʪʦʤ ʠʭ ʣʦʢʘʣʠʟʘʮʠʷ ʥʝ ʠʟʤʝʥʷʣʘʩʴ (Creismeas et al., 2021). ʕʪʦ ʧʦʟʚʦʣʠʣʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ ʦ ʪʦʤ, 

ʯʪʦ ʢʘʣʴʮʠʝʚʘʷ ʧʝʨʝʛʨʫʟʢʘ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ ʠʟʥʘʯʘʣʴʥʦ ʦʙʫʩʣʦʚʣʝʥʘ ʫʚʝʣʠʯʝʥʠʝʤ 

ʵʢʩʧʨʝʩʩʠʠ ʠ ʘʢʪʠʚʥʦʩʪʠ TRPC3, ʧʨʝʜʧʦʣʦʞʠʪʝʣʴʥʦ ʧʫʪʝʤ ʜʝʛʣʠʢʦʟʠʣʠʨʦʚʘʥʠʷ, ʯʪʦ, ʢʘʢ 

ʠʟʚʝʩʪʥʦ, ʚʝʜʝʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʵʪʦʛʦ ʢʘʥʘʣʘ (Dietrich et al., 2003). ʕʪʦ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩʦ ʩʧʝʮʠʬʠʯʝʩʢʠʤ ʠʥʛʠʙʠʪʦʨʦʤ TRPC3 Pyr10, ʢʦʪʦʨʳʡ 

ʩʥʠʟʠʣ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʩʘʨʢʦʣʝʤʤʳ ʜʣʷ ʢʘʣʴʮʠʷ ʠ ʟʘʤʝʜʣʠʣ ʨʘʟʚʠʪʠʝ ʜʠʩʪʨʦʬʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ 

(Creismeas et al., 2021). ʈʦʣʴ TRPC3 ʚ ʨʘʟʚʠʪʠʠ ʤʳʝhʯʥʳʭ ʜʠʩʪʨʦʬʠʡ ʪʘʢʞʝ ʧʦʢʘʟʘʥʘ ʠ ʨʘʥʝʝ ï 

ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʵʪʦʛʦ ʢʘʥʘʣʘ ʠʥʜʫʮʠʨʦʚʘʣʦ ʤʳʝhʯʥʫʶ ʜʠʩʬʫʥʢʮʠʶ ʫ ʟʜʦʨʦʚʳʭ ʤʳʝhʡ 

(Millay et al., 2009). 

ʄʦʞʥʦ ʪʘʢʞʝ ʧʨʝʜʧʦʣʘʛʘʪʴ ʫʯʘʩʪʠʝ TRPC4 ʚ ʥʘʨʫʰʝʥʠʠ ʢʘʣʴʮʠʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʯʝʨʝʟ 

ʩʘʨʢʦʣʝʤʤʫ ʧʨʠ ʄɼɼ, ʭʦʪ ̫ʧʨʷʤʳʭ ʜʦʢʘʟʘʪʝʣʴʩʪʚ ʵʪʦʛʦ ʥʝʪ. TRPC4 ʩʚʷʟʘʥ ʩ ɼɸɹʂ, ʘ ʠʤʝʥʥʦ ʩ 

Ŭ-ʩʠʥʪʨʦʬʠʥʦʤ, ʠ ʝʛʦ ʥʦʢʜʘʫʥ, ʢʘʢ ʧʦʢʘʟʘʥʦ, ʧʨʠʚʦʜʠʪ ʢ ʧʘʪʦʣʦʛʠʯʝʩʢʦʤʫ ʫʚʝʣʠʯʝʥʠʶ 

ʧʦʛʣʦʱʝʥʠʷ ʢʘʣʴʮʠʷ ʯʝʨʝʟ TRPC1 ʠ TRPC4 (Sabourin et al., 2009a). ʂʨʦʤʝ ʪʦʛʦ, Vandebrouck ʠ 

ʢʦʣʣʝʛʠ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʘʥʪʠʩʤʳʩʣʦʚʦʝ ʧʦʜʘʚʣʝʥʠʝ TRPC1 ʠ TRPC4 ʩʥʠʞʘʝʪ ʜʝʧʦ-ʫʧʨʘʚʣʷʝʤʳʡ 

ʚʭʦʜ Ca2+ (SOCE) ʚ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʥʘʭ mdx-ʤʳʝhʡ (Vandebrouck et al., 2002). 

ɺ ʨʷʜʝ ʧʫʙʣʠʢʘʮʠʡ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʨʦʣʴ ʜʨʫʛʦʛʦ ʢʘʥʘʣʘ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢ ʩʝʤʝʡʩʪʚʫ 

TRPC, ʘ ʠʤʝʥʥʦ ʢʘʥʘʣʘ ʩ ʪʨʘʥʟʠʪʦʨʥʳʤ ʨʝʮʝʧʪʦʨʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚʘʥʠʣʣʦʠʜʥʦʛʦ ʪʠʧʘ 2 

(TRPV2) ʚ ʫʚʝʣʠʯʝʥʠʠ ʫʨʦʚʥʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʧʨʠ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ. ɺ ʥʦʨʤʝ 

TRPV2 ʣʦʢʘʣʠʟʫʝʪʩʷ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ. ʆʜʥʘʢʦ ʚ ʩʣʫʯʘʝ ʄɼɼ 

TRPV2 ʪʨʘʥʩʣʦʮʠʨʫʝʪʩʷ ʚ ʩʘʨʢʦʣʝʤʤʫ, ʯʪʦ ʧʦʢʘʟʘʥʦ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʧʘʮʠʝʥʪʦʚ ʩ 

ʤʳʝhʯʥʦʡ ʜʠʩʪʨʦʬʠʝʡ, ʭʦʤʷʢʦʚ BIO14.6, ʠʤʝʶʱʠʭ ʜʝʬʠʮʠʪ ŭ-ʩʘʨʢʦʛʣʠʢʘʥʦʚ ʠ mdx-ʤʳʝhʡ 

(Iwata et al., 2003, 2009). ɹʦʣʝʝ ʪʦʛʦ, ʫʚʝʣʠʯʝʥʠʝ TRPV2 ʦʪʤʝʯʝʥʦ ʠ ʚ ʩʘʨʢʦʣʝʤʤʝ 

ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ ʭʦʤʷʢʦʚ BIO14.6, ʥʦ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʤʦʣʦʜʳʭ (5-8 ʥʝʜʝʣʴ) mdx-ʤʳʝhʡ 

(Iwata et al., 2003). ʇʨʠ ʵʪʦʤ ʦʚʝʨʵʢʩʧʨʝʩʩʠʷ ʜʦʤʠʥʘʥʪ-ʥʝʛʘʪʠʚʥʦʛʦ ʚʘʨʠʘʥʪʘ TRPV2 ʩʤʷʛʯʘʝʪ 

ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ ʫ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (Iwata et al., 2009). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʫ 

ʩʪʘʨʳʭ mdx-ʤʳʝhʡ ʚʦʟʨʘʩʪʦʤ 10 ï 12 ʤʝʩʷʮʝʚ ʢʘʨʜʠʦʤʠʦʮʠʪʳ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ TRPV2 ʚ ʩʘʨʢʦʣʝʤʤʝ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʘʩʩʠʚʥʦʤʫ ʧʨʠʪʦʢʫ ʢʘʣʴʮʠʷ ʚ ʢʣʝʪʢʫ, ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʚ ʫʩʣʦʚʠʷʭ ʫʩʠʣʝʥʥʦʛʦ ʨʘʩʪʷʞʝʥʠʷ (Aguettaz et al., 2016). 

ɼʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʚʭʦʜʘ ʢʘʣʴʮʠʷ ʚ ʤʳʝhʯʥʳʝ ʢʣʝʪʢʠ ʠʟ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

ʦʙʫʩʣʦʚʣʝʥ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʤʠ ʢʘʣʴʮʠʝʚʳʤʠ ʢʘʥʘʣʘʤʠ (CaV), ʢʦʪʦʨʳʝ ʘʢʪʠʚʠʨʫʶʪʩʷ ʚ 

ʦʪʚʝʪ ʥʘ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʤʝʤʙʨʘʥʳ ʢʣʝʪʦʢ (ʨʠʩʫʥʢʠ 5 ʠ 6). ɺ ʩʣʫʯʘʝ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ 4 ï

 6-ʤʝʩʷʯʥʳʭ mdx-ʤʳʝhʡ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Cav ʢʘʥʘʣʦʚ L-ʪʠʧʘ ʠ ʧʦʛʣʦʱʝʥʠʝ 

Ca2+ ʚʦ ʚʨʝʤʷ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ, ʭʦʪʷ ʫʨʦʚʝʥʴ ʙʝʣʢʘ ʠ ʤʈʅʂ ʵʪʦʛʦ ʢʘʥʘʣʘ ʥʝ ʠʟʤʝʥʷʣʩʷ 

(Koenig et al., 2016). ʕʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʨʫʰʝʥʠʶ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ 
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ʩʝʨʜʝʯʥʦʡ ʤʳʮhʳ ʠ ʘʨʠʪʤʠʠ. ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʛʠʙʠʨʦʚʘʥʠʝ Cav ʢʘʥʘʣʦʚ L-ʪʠʧʘ ʩ 

ʧʦʤʦʱʴʶ ʜʠʣʪʠʘʟʝʤʘ ʠ ʚʝʨʘʧʘʤʠʣʘ ʩʥʠʞʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʝʢʨʦʟʘ ʚ ʤʳʮhʘʭ mdx-ʤʳʝhʡ 

(Matsumura et al., 2009). ʇʦʜʦʙʥʳʡ ʨʝʟʫʣʴʪʘʪ ʧʦʣʫʯʝʥ ʠ ʚ ʩʣʫʯʘʝ ʣʝʯʝʥʠʷ ʞʠʚʦʪʥʳʭ 

ʥʠʬʝʜʠʧʠʥʦʤ (Altamirano et al., 2013). ʊʝʤ ʥʝ ʤʝʥʝʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʩʣʫʯʘʝ 

ʄɼɼ-ʧʘʮʠʝʥʪʦʚ ʧʦʣʦʞʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʠʥʛʠʙʠʪʦʨʦʚ Cav ʢʘʥʘʣʦʚ L-ʪʠʧʘ ʦʪʤʝʯʝʥʦ ʥʝ ʙʳʣʦ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʩʪʫʧʣʝʥʠʷ ʢʘʣʴʮʠʷ ʚ ʤʳʝhʯʥʳʝ 

ʢʣʝʪʢʠ ʤʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʵʢʩʧʨʝʩʩʠʠ ʧʫʨʠʥʦʨʝʮʝʧʪʦʨʦʚ P2X7 

ʩʘʨʢʦʣʝʤʤʳ ʚ ʦʪʚʝʪ ʥʘ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ɸʊʌ, ʥʘʙʣʶʜʘʝʤʦʛʦ ʚ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʮhʘʭ mdx-ʤʳʝhʡ (ʨʠʩʫʥʦʢ 5) (Yeung et al., 2004, 2012). ʇʨʠ ʵʪʦʤ 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ɸʊʌ, ʘ ʪʘʢʞʝ ʛʝʥʝʪʠʯʝʩʢʘʷ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʘʷ ʙʣʦʢʘʜʘ 

P2X7 ʫʣʫʯʰʘʣʠ ʧʘʨʘʤʝʪʨʳ ʧʦʛʣʦʱʝʥʠʷ ʢʘʣʴʮʠʷ ʚ ʜʠʩʪʨʦʬʠʯʥʳʭ ʤʳʮhʘʭ (Taniguti et al, 2011; 

Sinadinos et al., 2015; Gazzerro et al., 2015).  

ʆʪʜʝʣʴʥʦʛʦ ʫʧʦʤʠʥʘʥʠʷ ʟʘʩʣʫʞʠʚʘʝʪ ʤʝʭʘʥʠʟʤ ʜʝʧʦ-ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʭʦʜʘ ʢʘʣʴʮʠʷ 

(SOCE) ʚ ʤʳʝhʯʥʳʝ ʢʣʝʪʢʠ. SOCE-ʢʘʥʘʣʳ ʩʘʨʢʦʣʝʤʤʳ, ʦʪʚʝʪʩʪʚʝʥʥʳʝ ʟʘ ʜʘʥʥʳʡ ʤʝʭʘʥʠʟʤ, 

ʘʢʪʠʚʠʨʫʶʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʠʩʪʦʱʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʜʝʧʦ ʉʘ2+, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ, ʠ ʠʭ ʘʢʪʠʚʥʦʩʪʴ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʦʩʧʦʣʥʝʥʠʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʟʘʧʘʩʦʚ ʢʘʣʴʮʠʷ ʚ ʦʨʛʘʥʝʣʣʘʭ ï ʢʘʣʴʮʠʝʚʳʭ ʜʝʧʦ (Sztretye et al., 2017). 

ʋʯʘʩʪʠʝ ʤʠʪʦʭʦʥʜʨʠʡ, ʪʘʢʞʝ ʷʚʣʷʶʱʠʭʩʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤʠ ʜʝʧʦ ʢʘʣʴʮʠʷ, ʚ ʨʝʛʫʣʷʮʠʠ SOCE 

ʪʘʢʞʝ ʦʙʩʫʞʜʘʝʪʩʷ (Ben-Kasus Nissim et al., 2017). ʀʟʙʳʪʦʯʥʘʷ ʢʘʣʴʮʠʝʚʘʷ ʧʝʨʝʛʨʫʟʢʘ ʧʨʠ ʄɼɼ 

ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥʘ ʥʘʨʫʰʝʥʠʝʤ ʨʘʙʦʪʳ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ 

ʤʠʪʦʭʦʥʜʨʠʡ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʢʘʣʴʮʠʷ ʠʟ ʵʪʠʭ ʜʝʧʦ ʠ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, 

ʧʨʠʚʦʜʷʱʠʤ ʢ ʭʨʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ SOCE-ʢʘʥʘʣʦʚ (ʨʠʩʫʥʦʢ 6) (Edwards et al., 2010). 

ʄʝʤʙʨʘʥʘ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʩʦʜʝʨʞʠʪ Ca2+-ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʩʝʥʩʦʨ, ʠʟʚʝʩʪʥʳʡ 

ʢʘʢ ʤʦʣʝʢʫʣʘ ʩʪʨʦʤʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʠʣʠ STIM1 (ʦʪ ʘʥʛʣ. çstromal interaction moleculeè), 

ʢʦʪʦʨʳʡ ʚ ʦʪʚʝʪ ʥʘ ʠʩʪʦʱʝʥʠʝ ʢʘʣʴʮʠʷ ʩʘʤʦʦʣʠʛʦʤʝʨʠʟʫʝʪʩʷ ʠ ʘʢʪʠʚʠʨʫʝʪ SOCE, ʩʚʷʟʳʚʘʷʩʴ ʩ 

Ca2+-ʢʘʥʘʣʘʤʠ ʚ ʩʘʨʢʦʣʝʤʤʝ (Roos et al., 2005; Zhang et al., 2006; Liou et al., 2007). ʆʙʳʯʥʦ ʚ 

ʢʘʯʝʩʪʚʝ ʪʘʢʦʛʦ ʢʘʥʘʣʘ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʳʡ ʢ ʢʘʣʴʮʠʶ Orai1 (Zhao et al., 2012; 

Wei-LaPierre et al., 2013). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʄɼɼ ʵʢʩʧʨʝʩʩʠʷ ʠ ʘʢʪʠʚʥʦʩʪʴ STIM1-Orai1 

ʧʦʚʳʰʝʥʘ ʠ ʜʝʡʩʪʚʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʘʣʴʥʝʡʰʝʡ ʢʘʣʴʮʠʝʚʦʡ ʧʝʨʝʛʨʫʟʢʝ ʤʳʮh. ʕʪʦ 

ʧʦʢʘʟʘʥʦ ʢʘʢ ʥʘ mdx-ʤʳʘhʭ, ʪʘʢ ʠ ʙʠʦʧʪʘʪʘʭ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ (Goonasekera et al., 

2014; Uchimura and Sakurai, 2021). ɹʦʣʝʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ STIM1 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʜʠʩʪʨʦʬʠʠ ʤʳʮh ʫ ʟʜʦʨʦʚʳʭ ʤʳʝhʡ ʠ ʪʘʢʦʡ ʵʬʬʝʢʪ ʙʣʦʢʠʨʫʝʪʩʷ ʧʫʪʝʤ 

ʩʢʨʝʱʠʚʘʥʠʷ ʩ ʪʨʘʥʩʛʝʥʦʤ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʤ ʜʦʤʠʥʘʥʪ-ʥʝʛʘʪʠʚʥʳʡ ʤʫʪʘʥʪ Orai1 (dnOrai1) 

(Goonasekera et al., 2014). ɹʣʦʢʠʨʦʚʘʥʠʝ SOCE ʯʝʨʝʟ STIM1-Orai1 ʚ ʤʠʦʪʫʙʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʩ ʧʦʤʦʱʴʶ 
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ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʥʛʠʙʠʪʦʨʦʚ ʪʘʢʞʝ ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʧʝʨʝʛʨʫʟʢʫ Ca2+ ʠ ʧʨʠʚʦʜʠʣʦ ʢ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʩʦʢʨʘʪʠʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ (Uchimura and Sakurai, 2021). 

ʂʨʦʤʝ ʪʦʛʦ, ʩʢʨʝʱʠʚʘʥʠʝ ʪʨʘʥʩʛʝʥʥʳʭ ʤʳʝhʡ, ʵʢʩʧʨʝʩʩʠʨʫʶʱʠʭ ʜʦʤʠʥʘʥʪ-ʥʝʛʘʪʠʚʥʳʡ ʤʫʪʘʥʪ 

Orai1 (dnOrai1) ʩ mdx-ʤʳʘhʤʠ ʧʨʠʚʝʣʦ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʛʠʩʪʦʧʘʪʦʣʦʛʠʠ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮh ʤʳʝhʡ, ʯʪʦ ʪʘʢʞʝ ʧʦʜʪʚʝʨʞʜʘʝʪ ʫʯʘʩʪʠʝ STIM1-Orai1 ʚ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʠ ʄɼɼ 

(Goonasekera et al., 2014). ɺ ʥʝʜʘʚʥʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʨʝʱʠʚʘʥʠʝ mdx-

ʤʳʝhʡ ʩ ʤʳʘhʤʠ, ʧʦʜʚʝʨʛʥʫʪʳʤʠ ʥʦʢʘʫʪʫ ʧʦ Orai1 ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ (ʤʳʠh mdx-Orai1 

KO), ʪʘʢʞʝ ʧʨʠʚʝʣʦ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʛʦʤʝʦʩʪʘʟʘ Ca2+ ʠ ʦʙʝʩʧʝʯʠʣʦ ʮʝʣʦʩʪʥʦʩʪʴ ʠ ʩʪʘʙʠʣʴʥʦʩʪʴ 

ʩʘʨʢʦʣʝʤʤʳ (Garc²a-Casta¶eda et al., 2022). 

 

ʈʠʩʫʥʦʢ 6 ï ʄʝʭʘʥʠʟʤ ʭʨʦʥʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ ʜʝʧʦ-ʫʧʨʘʚʣʷʝʤʦʛʦ ʚʭʦʜʘ ʢʘʣʴʮʠʷ (SOCE) ʚ 

ʤʳʝhʯʥʳʝ ʢʣʝʪʢʠ, ʨʝʘʣʠʟʫʝʤʳʡ ʧʨʠ ʫʯʘʩʪʠʠ ʤʦʣʝʢʫʣʳ ʩʪʨʦʤʘʣʴʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ (STIM1) 

ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ ʚʳʩʦʢʦʩʝʣʝʢʪʠʚʥʦʛʦ ʢ ʢʘʣʴʮʠʶ ʢʘʥʘʣʘ Orai1 ʩʘʨʢʦʣʝʤʤʳ 

ɺ ʢʘʯʝʩʪʚʝ SOCE-ʢʘʥʘʣʦʚ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʩʤʦʪʨʝʥʳ TRPC-ʢʘʥʘʣʳ ʩʘʨʢʦʣʝʤʤʳ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ SOCE ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥʦ ʯʝʨʝʟ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʦ STIM1 

(Lopez et al., 2006; Yuan et al., 2007). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ TRPC1 ʚʳʰʝ ʚ ʤʠʦʪʫʙʘʭ 

mdx-ʤʳʝhʡ ʠ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʯʪʦ ʪʘʢʞʝ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʙʦʣʝʝ ʘʢʪʠʚʥʦʡ 

SOCE (Tutdibi et al., 1999; Vandebrouck et al., 2001, 2002; Maroto et al., 2005). 



33 

 

1.2.3.2. ɼʠʩʨʝʛʫʣʷʮʠʷ ʥʘʪʨʠʝʚʳʭ ʢʘʥʘʣʦʚ ʩʘʨʢʦʣʝʤʤʳ ʧʨʠ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ 

ɼʶʰʝʥʥʘ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʘʪʦʛʝʥʝʟ ʄɼɼ ʪʘʢʞʝ ʪʝʩʥʦ ʩʚʷʟʘʥ ʩ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʧʝʨʝʛʨʫʟʢʦʡ 

ʠʦʥʘʤʠ ʥʘʪʨʠʷ. ɼɸɹʂ ʧʦʩʨʝʜʩʪʚʦʤ Ŭ-ʩʠʥʪʨʦʬʠʥʘ ʪʘʢʞʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʢʦʨʨʝʢʪʥʫʶ 

ʣʦʢʘʣʠʟʘʮʠʶ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʳʭ ʥʘʪʨʠʝʚʳʭ (NaV) ʢʘʥʘʣʦʚ ʩʘʨʢʦʣʝʤʤʳ (NaV1.4 ʚ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮhʘʭ ʠ NaV1.5 ʚ ʩʝʨʜʮʝ) (Gee et al., 1998) ʠ ʧʦʪʝʨʷ ʮʝʣʦʩʪʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ ʧʨʠʚʦʜʠʪ ʠ ʢ 

ʥʘʨʫʰʝʥʠʶ ʬʫʥʢʮʠʠ ʵʪʠʭ ʢʘʥʘʣʦʚ (ʨʠʩʫʥʢʠ 4 ʠ 5). ɺ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ mdx-ʤʳʝhʡ ʚʳʷʚʣʝʥʦ 

ʫʚʝʣʠʯʝʥʠʝ ʧʨʦʚʦʜʷʱʠʭ ʩʚʦʡʩʪʚ NaV1.4-ʢʘʥʘʣʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʫʚʝʣʠʯʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ 

Na+ (Hirn et al., 2008). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʧʨʠ ʵʪʦʤ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʘ ʠ ʫʨʦʚʝʥʴ ʙʝʣʢʘ NaV1.4 ʙʳʣʠ 

ʩʥʠʞʝʥʳ ʚ ʤʳʮhʘʭ mdx-ʤʳʝhʡ. ʇʨʠ ʵʪʦʤ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ ʩ ʧʦʤʦʱʴʶ 

ʪʝʪʨʦʜʦʪʦʢʩʠʥʘ ʧʨʠʚʝʣʦ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʧʦʛʣʦʱʝʥʠʷ Na+ ʚ ʤʳʮhʘʭ mdx-ʤʳʝhʡ ʜʦ ʫʨʦʚʥʷ 

ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ ʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʤʳʝhʯʥʦʛʦ ʚʦʣʦʢʥʘ (Hirn et al., 2008). ɺ 

ʩʣʫʯʘʝ Nav1.5, ʠʛʨʘʶʱʝʛʦ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʚʦʟʙʫʜʠʤʦʩʪʠ ʠ ʧʨʦʚʦʜʠʤʦʩʪʠ ʩʝʨʜʮʘ, ʥʘʧʨʦʪʠʚ, 

ʫʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʥʘʪʨʠʝʚʳʭ ʧʦʪʦʢʦʚ ʚ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ mdx-ʤʳʝhʡ (ʨʠʩʫʥʦʢ 5), ʢʦʪʦʨʦʝ 

ʙʳʣʦ ʩʚʷʟʘʥʦ ʩ ʜʚʫʢʨʘʪʥʳʤ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʙʝʣʢʘ ʚ ʩʝʨʜʮʝ mdx-ʤʳʝhʡ (Gavillet et al., 2006), 

ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʨʫʰʝʥʠʶ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʠ ʵʪʦʛʦ ʦʨʛʘʥʘ ʠ ʨʘʟʚʠʪʠʶ 

ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ. 

ɺ ʩʣʫʯʘʝ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʭʦʤʷʢʦʚ BIO14.6 ʠ mdx-ʤʳʝhʡ ʪʘʢʞʝ 

ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʠ ʘʢʪʠʚʥʦʩʪʠ of Na+/H+-ʦʙʤʝʥʥʠʢʘ (NHE-1), ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʥʘʪʨʠʝʚʦʡ ʧʝʨʝʛʨʫʟʢʝ (ʨʠʩʫʥʦʢ 5) (Iwata et al., 2007; Burr and Molkentin, 2015). ʇʨʠ ʵʪʦʤ 

ʠʥʛʠʙʠʪʦʨʳ NHE, ʢʘʨʠʧʦʨʠʜ ʠ 5-(N-ʵʪʠʣ-N-ʠʟʦʧʨʦʧʠʣ)ʘʤʠʣʦʨʠʜ ʦʢʘʟʳʚʘʣʠ ʟʘʱʠʪʥʦʝ ʜʝʡʩʪʚʠʝ 

ʠ ʧʨʝʜʦʪʚʨʘʱʘʣʠ ʜʝʛʝʥʝʨʘʮʠʶ ʤʳʮh ʢʘʢ ʫ ʭʦʤʷʢʦʚ BIO14.6, ʪʘʢ ʠ ʫ mdx-ʤʳʝhʡ (Iwata et al., 

2007). ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʠʟʙʠʨʘʪʝʣʴʥʦʝ ʠʥʛʠʙʠʨʦʚʘʥʠʝ NHE ʩ ʧʦʤʦʱʴʶ ʨʠʤʝʧʦʨʠʜʘ 

ʙʣʘʛʦʪʚʦʨʥʦ ʚʣʠʷʣʦ ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʳʭ ʠ ʩʝʨʜʝʯʥʳʭ ʤʳʮh ʫ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʭʦʤ̫ʢʦʚ, ʟʦʣʦʪʠʩʪʳʭ ʨʝʪʨʠʚʝʨʦʚ ʠ mdx-ʤʳʝhʡ (Ghaleh et al., 2020; Previtali et al., 2020). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ Na+ ʪʘʢʞʝ ʚʪʦʨʠʯʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ 

ʫʨʦʚʥʷ ʢʘʣʴʮʠʷ ʚ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʥʘʭ ʚʩʣʝʜʩʪʚʠʝ ʫʚʝʣʠʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ Na+/Ca2+-ʦʙʤʝʥʥʠʢʘ 

(NCX) (ʨʠʩʫʥʦʢ 5). ɺ ʤʠʦʪʫʙʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, NCX ʨʘʙʦʪʘʝʪ ʚ 

ʦʙʨʘʪʥʦʤ ʨʝʞʠʤʝ, ʚʳʢʘʯʠʚʘʷ ʠʟʙʳʪʦʢ ʥʘʪʨʠʷ, ʥʦ ʵʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ 

ʧʨʠʪʦʢʦʤ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ ʩʘʨʢʦʧʣʘʟʤʫ (Deval et al., 2002). 
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1.2.3.3. ɼʠʩʨʝʛʫʣʷʮʠʷ ʢʘʣʠʝʚʳʭ ʢʘʥʘʣʦʚ ʩʘʨʢʦʣʝʤʤʳ ʧʨʠ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ 

ɼʶʰʝʥʥʘ 

ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʦʩʦʙʝʥʥʦʩʪʠ ʢʘʣʠʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʧʨʠ ʄɼɼ ʥʘʠʤʝʥʝʝ ʠʟʫʯʝʥʳ. 

ʆʩʦʙʝʥʥʦ ʵʪʦ ʢʘʩʘʝʪʩʷ ʩʝʨʜʝʯʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʩʝʨʜʮʘ, ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʢʦʪʦʨʳʭ ʷʚʣʷʶʪʩʷ 

ʧʨʝʜʤʝʪʦʤ ʜʘʥʥʦʡ ʨʘʙʦʪʳ (ʟʥʘʯʠʪʝʣʴʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʘʣʠʝʚʳʭ ʢʘʥʘʣʦʚ 

ʤʦʟʛʘ ʠ ʩʝʪʯʘʪʢʠ ʦʧʠʩʘʥʳ ʚ ʦʙʟʦʨʝ Leyva-Leyva et al., 2018). ɺ ʨʷʜʝ ʨʘʙʦʪ, ʚʢʣʶʯʘʷ ʩʘʤʳʝ 

ʨʘʥʥʠʝ, ʥʝ ʚʳʷʚʣʝʥʦ ʠʟʤʝʥʝʥʠʡ ʚ ʚʳʭʦʜʷʱʠʭ ʧʦʪʦʢʘʭ K+ ʚ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ mdx-ʤʳʝhʡ 

(Alloatti et al., 1995; Koenig et al., 2014), ʛʜʝ ʢʘʣʠʝʚʳʝ ʢʘʥʘʣʳ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ 

ʜʝʪʝʨʤʠʥʘʥʪʘʤʠ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʦʷ ʠ ʨʝʧʦʣʷʨʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ. ʆʜʥʘʢʦ 

ʚ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ ʜʠʩʪʨʦʬʠʯʥʳʭ ʩʦʙʘʢ ʚʳʷʚʣʝʥʘ ʨʝʜʫʢʮʠʷ ʪʨʘʥʟʠʪʥʳʭ ʚʳʭʦʜʷʱʠʭ ʢʘʣʠʝʚʳʭ 

ʧʦʪʦʢʦʚ (Pacioretty et al., 1994), ʯʪʦ, ʧʦ ʤʥʝʥʠʶ ʘʚʪʦʨʦʚ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʜʠʩʙʘʣʘʥʩʫ 

ʚʭʦʜʷʱʠʭ ʠ ʚʳʭʦʜʷʱʠʭ ʧʦʪʦʢʦʚ ʚ ʜʠʩʪʨʦʬʠʯʝʩʢʦʤ ʤʠʦʢʘʨʜʝ ʠ ʨʘʟʚʠʪʠʶ ʢʘʨʜʠʦʧʘʪʦʣʦʛʠʠ. ɺ 

ʩʣʫʯʘʝ ʢʘʣʠʝʚʳʭ ʧʦʪʦʢʦʚ ʚʭʦʜʷʱʝʛʦ ʚʳʧʨʷʤʣʝʥʠʷ, ʚ ʦʩʥʦʚʥʦʤ ʦʧʦʩʨʝʜʫʝʤʳʭ Kir2.1-ʢʘʥʘʣʘʤʠ, 

ʦʪʤʝʯʝʥʘ ʨʝʜʫʢʮʠʷ ʚ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ mdx-ʤʳʝhʡ, ʯʪʦ ʪʘʢʞʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʥʘʪʨʠʝʚʳʭ ʧʦʪʦʢʦʚ ʯʝʨʝʟ Nav1.5-ʢʘʥʘʣʳ (Rubi et al., 2017), ʢʦʪʦʨʳʝ ʪʘʢʞʝ ʩʚʷʟʘʥʳ ʩ Ŭ-

ʩʠʥʪʨʦʬʠʥʦʤ ʠ ɼɸɹʂ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʝʩʣʠ ʜʣʷ Nav1.5-ʢʘʥʘʣʦʚ ʧʦʢʘʟʘʥʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʙʝʣʢʘ ʚ 

ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ mdx-ʤʳʝhʡ (Gavillet et al., 2006), ʪʦ ʫʨʦʚʝʥʴ Kir2.1 ʠ ʝʛʦ ʣʦʢʘʣʠʟʘʮʠʷ ʥʝ 

ʠʟʤʝʥʷʣʠʩʴ (Rubi et al., 2017), ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʯʘʩʪʠʝ ʜʨʫʛʠʭ ʢʘʣʠʝʚʳʭ ʧʦʪʦʢʦʚ ʚʭʦʜʷʱʝʛʦ 

ʚʳʧʨʷʤʣʝʥʠʷ ʚ ʩʥʠʞʝʥʠʠ ʪʨʘʥʩʧʦʨʪʘ ʢʘʣʠʷ ʚ ʜʠʩʪʨʦʬʠʯʥʳʭ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ. 

ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʦʣʠ ɸʊʌ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʢʘʣʠʝʚʳʭ ʢʘʥʘʣʦʚ 

(KATʌ) ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ, ʠʛʨʘʶʱʠʭ ʨʦʣʴ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʩʝʥʩʦʨʦʚ, ʨʝʛʫʣʠʨʫʶʱʠʭ ʘʢʪʠʚʥʦʩʪʴ 

ʢʣʝʪʦʢ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤ ʩʪʘʪʫʩʦʤ (Liu et al., 2016). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʫʙʲʝʜʠʥʠʮʘ 

KATʌ Kir6.2 ʩʚʷʟʘʥʘ ʩ ʜʠʩʪʨʦʬʠʥʦʤ, ʘ ʪʘʢʞʝ ʩ ʤʳʝhʯʥʦʡ ʠʟʦʬʦʨʤʦʡ ʢʨʝʘʪʠʥʢʠʥʘʟʳ (CKm), 

ʠʛʨʘʶʱʝʡ ʨʦʣʴ ʨʝʛʫʣʷʪʦʨʘ ʘʢʪʠʚʥʦʩʪʠ KATʌ-ʢʘʥʘʣʦʚ (Graciotti et al., 2011), ʧʦʵʪʦʤʫ ʦʪʩʫʪʩʪʚʠʝ 

ʜʠʩʪʨʦʬʠʥʘ ʠ ʧʦʪʝʨʷ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʩʚʷʟʠ ʩ CKm ʫ mdx-ʤʳʝhʡ ʧʨʠʚʦʜʠʪ ʢ ʧʦʪʝʨʝ 

ʩʧʦʩʦʙʥʦʩʪʠ KATʌ-ʢʘʥʘʣʦʚ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʫ ʁ ʢʦʥʮʝʥʪʨʘʮʠʶ ATʌ ʠ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ KATʌ-ʢʘʥʘʣʦʚ ʚ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ 

(Graciotti et al., 2011). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ KATʌ-ʢʘʥʘʣʦʚ ʪʝʩʥʦ ʩʚʷʟʘʥʦ ʩ 

ʨʘʟʚʠʪʠʝʤ ʨʘʟʣʠʯʥʳʭ ʬʦʨʤ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ (Bienengraeber et al., 2004; Farid et al., 2011) ʠ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʪʘʢʞʝ ʚʥʦʩʠʪ ʚʢʣʘʜ ʚ ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ ʩʝʨʜʮʘ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʧʦʟʜʥʠʭ 

ʩʪʘʜʠʡ ʄɼɼ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʩʣʫʯʘʝ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, 

ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ɸʊʌ-ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ KATʌ-ʢʘʥʘʣʦʚ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ ʤʝʞʜʫ ʞʠʚʦʪʥʳʤʠ 

ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʘhʤʠ (Allard et al., 1997). 
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ʂʨʦʤʝ ʪʦʛʦ, ʟʘʩʣʫʞʠʚʘʝʪ ʚʥʠʤʘʥʠʷ ʜʨʫʛʦʡ ʢʘʣʠʝʚʳʡ ʢʘʥʘʣ, ʠʟʚʝʩʪʥʳʡ ʢʘʢ Ca2+-

ʘʢʪʠʚʠʨʫʝʤʳʡ K+-ʢʘʥʘʣ ʚʳʩʦʢʦʡ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʠʣʠ BK-ʢʘʥʘʣ), ʧʨʠʩʫʪʩʪʚʫʶʱʠʡ ʚ 

ʩʘʨʢʦʣʝʤʤʝ. ɸʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʢʘʥʘʣʘ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʠʟʫʯʘʣʘʩʴ ʜʣʷ ʦʮʝʥʢʠ 

ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʢʘʣʴʮʠʷ ʚ ʤʳʮhʘʭ mdx-ʤʳʝhʡ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʦʚʦʜʠʤʦʩʪʴ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʢʘʣʴʮʠʶ ʠ ʚʝʣʠʯʠʥʝ ʧʦʪʝʥʮʠʘʣʘ ʥʝ ʨʘʟʣʠʯʘʣʠʩʴ ʚ ʤʳʮhʘʭ 

ʤʦʣʦʜʳʭ mdx-ʤʳʝhʡ ʠ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (Mallouk et al., 2000). 

ʇʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʜʝʪʘʣʴʥʦ ʨʦʣʴ BK-ʢʘʥʘʣʦʚ ʚ ʨʘʟʚʠʪʠʠ ʄɼɼ ʠʟʫʯʝʥʘ ʥʘ ʧʨʠʤʝʨʝ 

ʥʝʤʘʪʦʜʳ Caenorhabditis elegans, ʢʦʪʦʨʘʷ ʵʢʩʧʨʝʩʩʠʨʫʝʪ ʦʨʪʦʣʦʛʠ BK-ʢʘʥʘʣʦʚ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, 

ʠʟʚʝʩʪʥʳʝ ʢʘʢ Slo-1- ʠ Slo-2-ʢʘʥʘʣʳ (Yuan et al., 2000; Wang et al., 2001). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʜʠʩʪʨʦʬʠʥ ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʣʦʢʘʣʠʟʘʮʠʠ Slo-1 ʚ ʦʨʛʘʥʠʟʤʝ C. elegans (Kim et al., 

2009) ʠ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʜʣʷ ʝʛʦ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʵʪʠ 

ʢʘʥʘʣʳ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʚʙʣʠʟʠ ʦʙʣʘʩʪʝʡ, ʙʦʛʘʪʳʭ ʠʦʥʘʤʠ ʢʘʣʴʮʠ,̫ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʚ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʙʣʠʟʦʩʪʠ ʦʪ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ L-ʪʠʧʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʠʭ 

ʩʚʦʝʚʨʝʤʝʥʥʦʡ ʩʪʠʤʫʣʷʮʠʠ, ʧʨʠʚʦʜʷʱʝʡ ʢ ʦʪʪʦʢʫ ʢʘʣʠʷ ʠ ʦʩʣʘʙʣʝʥʠʶ ʛʠʧʝʨʚʦʟʙʫʞʜʝʥʠʷ ʠ 

ʛʠʧʝʨʩʦʢʨʘʱʝʥʠʷ ʤʳʮh ʚ ʦʪʚʝʪ ʥʘ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʢʘʣʴʮʠʷ. ʅʘʨʫʰʝʥʠʝ 

ʣʦʢʘʣʠʟʘʮʠʠ Slo-1 ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʵʪʠʭ ʚʟʘʠʤʦʩʚʷʟʝʡ (Kim et al., 2009). 

1.2.4. ʈʦʣʴ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ ʚ ʨʘʟʚʠʪʠʠ ʤʳʰʝʯʥʦʡ 

ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʍʦʨʦʰʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʄɼɼ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʠʟʤʝʥʝʥʠʝʤ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʠʩʪʨʦʬʠʥ, ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

ʤʥʦʞʝʩʪʚʘ ʙʝʣʢʦʚʳʭ ʩʚʷʟʝʡ, ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ ʠ ʜʦʩʪʘʚʢʝ 

ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʤʦʣʝʢʫʣ, ʚ ʪʦʤ ʯʠʩʣʝ ʢ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʤ ʦʨʛʘʥʝʣʣʘʤ, ʨʝʛʫʣʠʨʫʶʱʠʤ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʛʦʤʝʦʩʪʘʟ ʠʦʥʦʚ, ʘ ʠʤʝʥʥʦ ʢ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤʫ ʨʝʪʠʢʫʣʫʤʫ ʠ 

ʤʠʪʦʭʦʥʜʨʠʷʤ. ʇʦʪʝʨʷ ʜʠʩʪʨʦʬʠʥʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʢʦʨʨʝʢʪʥʦʛʦ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʮʠʪʦʩʢʝʣʝʪʘ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʡ ʦʙʝʩʧʝʯʠʚʘʝʪ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʚʟʘʠʤʦʩʚʷʟʴ 

ʦʨʛʘʥʝʣʣ ʠ ʩʘʨʢʦʤʝʨʦʚ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʘʨʫʰʝʥʠʝ ʨʘʙʦʪʳ ʢʘʥʘʣʦʚ ʩʘʨʢʦʣʝʤʤʳ ʧʨʠʚʦʜʠʪ ʢ 

ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʠʟʤʝʥʝʥʠʶ ʧʦʩʪʫʧʣʝʥʠʷ ʨʘʟʣʠʯʥʳʭ ʠʦʥʦʚ ʚ ʤʳʝhʯʥʫʶ ʢʣʝʪʢʫ ʠʟ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʯʪʦ ʤʦʞʝʪ ʢʘʢ ʠʥʜʫʮʠʨʦʚʘʪʴ ʜʠʩʬʫʥʢʮʠʶ ʦʨʛʘʥʝʣʣ, ʚʝʜʫʱʫʶ ʢ 

ʛʠʙʝʣʠ ʢʣʝʪʢʠ, ʪʘʢ ʠ ʚ ʢʘʯʝʩʪʚʝ ʦʪʚʝʪʘ ʚʳʟʳʚʘʪʴ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʩʠʩʪʝʤ ʪʨʘʥʩʧʦʨʪʘ 

ʠʦʥʦʚ ʠ ʤʝʪʘʙʦʣʠʪʦʚ ʚ ʥʠʭ, ʘ ʚ ʩʣʫʯʘʝ ʤʠʪʦʭʦʥʜʨʠʡ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʠʟʤʝʥʝʥʠʷ ʚ ʙʠʦʵʥʝʨʛʝʪʠʢʝ 

ʤʳʝhʯʥʦʡ ʢʣʝʪʢʠ. ʅʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ ʪʘʢʞʝ ʠʟʚʝʩʪʥʦʝ ʚʣʠʷʥʠʝ ʛʠʧʝʨʧʨʦʜʫʢʮʠʠ ɸʌʂ ʠ 

ɸʌɸ, ʥʘʙʣʶʜʘʝʤʦʝ ʧʨʠ ʄɼɼ, ʥʘ ʩʦʩʪʦʷʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ 

(Allen et al., 2016). 
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1.2.4.1. ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʢʘʥʘʣʦʚ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʧʨʠ 

ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʉʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʠʡ ʨʝʪʠʢʫʣʫʤ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ ʜʝʧʦ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ 

ʤʳʮhʘʭ, ʧʦʜʜʝʨʞʠʚʘʷ ʢʦʨʨʝʢʪʥʫ ʁ ʜʠʥʘʤʠʢʫ ʵʪʦʛʦ ʠʦʥʘ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ ʘʜʝʢʚʘʪʥʦʡ 

ʨʝʛʫʣʷʮʠʠ ʮʠʢʣʦʚ ʤʳʝhʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ-ʨʘʩʩʣʘʙʣʝʥʠʷ (Rossi et al., 2022). ʇʦ ʨʘʟʥʳʤ ʦʮʝʥʢʘʤ 

ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʢʦʥʢʨʝʪʥʦʡ ʧʦʧʝʨʝʯʥʦʧʦʣʦʩʘʪʦʡ ʤʳʮhʳ ʧʦʨʷʜʢʘ 70 ï 90% ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ 

ʩʦʢʨʘʱʝʥʠʷ ʢʘʣʴʮʠʷ ʚʳʩʚʦʙʦʞʜʘʝʪʩʷ ʠʟ ʮʠʩʪʝʨʥ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ (Periasamy 

and Kalyanasundaram, 2007; Tupling, 2009). ʇʨʠ ʄɼɼ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʪʨʘʥʩʧʦʨʪʥʳʭ ʩʠʩʪʝʤ, 

ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʧʦʛʣʦʱʝʥʠʝ ʠ ʙʫʬʝʨʠʟʘʮʠʶ ʢʘʣʴʮʠʷ, ʘ ʪʘʢʞʝ ʩʚʦʝʚʨʝʤʝʥʥʳʡ ʚʳʙʨʦʩ ʠʦʥʘ ʚ 

ʮʠʪʦʧʣʘʟʤʫ ʩʫʱʝʩʪʚʝʥʥʦ ʠʟʤʝʥʝʥʦ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʦʙʱʝʥʠʶ ʤʳʝhʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ-

ʨʘʩʩʣʘʙʣʝʥʠʷ. 

ʇʦʛʣʦʱʝʥʠʝ ʢʘʣʴʮʠʷ ʚ ʣʶʤʝʥ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʦʧʦʩʨʝʜʫʝʪʩʷ Ca2+-

ɸʊʌʘʟʦʡ ʩʘʨʢʦ/ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ (SERCA) ʠ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʬʘʟʝ ʤʳʝhʯʥʦʛʦ 

ʨʘʩʩʣʘʙʣʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ SERCA ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʘ ʚ 

ʜʠʩʪʨʦʬʠʯʥʳʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʠ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʭʨʦʥʠʯʝʩʢʦʤʫ 

ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʠʦʥʘ ʚ ʤʠʦʧʣʘʟʤʝ (ʨʠʩʫʥʦʢ 7). ɿʘʯʘʩʪʫʶ ʵʪʦ ʥʝ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʫʨʦʚʥʝʤ 

ʨʘʟʣʠʯʥʳʭ ʠʟʦʬʦʨʤ SERCA ʚ ʨʘʟʥʳʭ ʪʠʧʘʭ ʤʳʮh. ɺ ʯʘʩʪʥʦʩʪʠ, ʵʢʩʧʨʝʩʩʠʷ SERCA1ʘ ʩʥʠʞʝʥʘ 

ʚ ʜʣʠʥʥʦʤ ʨʘʟʛʠʙʘʪʝʣʝ ʧʘʣʴʮʝʚ mdx-ʤʳʝhʡ, ʥʦ ʧʦʚʳʰʝʥʘ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʤʳʮhʘʭ ʛʦʨʪʘʥʠ ʠ 

ʤʳʮhʘʭ ʧʘʣʴʮʝʚ (Dowling et al., 2003; Ferretti et al., 2009). ʋʨʦʚʝʥʴ SERCA2ʘ ʧʦʚʳʰʝʥ ʚ 

ʙʳʩʪʨʳʭ ʤʳʮhʘʭ mdx- ʠ mdx:utrī/ī-ʤʳʝhʡ, ʘ ʪʘʢʞʝ ʚ ʣʦʢʪʝʚʦʤ ʨʘʟʛʠʙʘʪʝʣʝ ʟʘʧʷʩʪʴʷ ʄɼɼ ʩʦʙʘʢ 

(Dowling et al., 2003; Schneider et al., 2013). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʫʨʦʚʝʥʴ SERCA1ʘ 

ʥʝ ʠʟʤʝʥʷʣʩʷ. ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ mdx:utrī/ī-ʤʳʝhʡ ʠ DBA/2J mdx-ʤʳʝhʡ ʘʢʪʠʚʥʦʩʪʴ 

SERCA ʧʦʜʘʚʣʝʥʘ ʛʦʨʘʟʜʦ ʩʠʣʴʥʝʝ, ʯʝʤ ʚ ʩʣʫʯʘʝ ʢʣʘʩʩʠʯʝʩʢʠʭ C57 mdx-ʤʳʝhʡ (Schneider et al., 

2013; Voit et al., 2017; Cleverdon et al., 2022), ʯʪʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 

ʚʳʨʘʞʝʥʥʦʡ ʢʘʣʴʮʠʝʚʦʡ ʧʝʨʝʛʨʫʟʢʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʨʘʟʚʠʪʠʶ ʜʠʩʪʨʦʬʠʠ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ 

ʠʢʨʦʥʦʞʥʦʡ ʤʳʮhʝ DBA/2J mdx-ʤʳʝhʡ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ SERCA1 ʠ SERCA2, 

ʯʪʦ, ʢʘʢ ʠ ʚ ʜʨʫʛʠʭ ʩʣʫʯʘʷʭ ʫʚʝʣʠʯʝʥʠʷ ʘʢʪʠʚʥʦʩʪʠ ʠʟʦʬʦʨʤ SERCA, ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ 

ʦʙ ʘʜʘʧʪʠʚʥʦʤ ʦʪʚʝʪʝ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ, ʥʘʧʨʘʚʣʝʥʥʦʤ ʥʘ ʫʣʫʯʰʝʥʠʝ 

ʢʘʣʴʮʠʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʦʜʥʘʢʦ ʵʪʦʛʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʝʜʦʩʪʘʪʦʯʥʦ (Cleverdon et al., 2022). 

ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʪʨʘʥʩʛʝʥʥʘʷ ʩʚʝʨʭʵʢʩʧʨʝʩʩʠʷ SERCA1 ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ mdx- ʠ 

mdx:utrī/ī-ʤʳʝhʡ ʫʣʫʯʰʘʣʘ ʪʝʯʝʥʠʝ ʧʘʪʦʣʦʛʠʠ (Goonasekera et al., 2011; Mazala et al., 2015). 

ɺʘʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʦʪʩʫʪʩʪʚʠʝ ʨʘʟʣʠʯʠʡ ʚ ʘʢʪʠʚʥʦʩʪʠ SERCA ʠ ʫʨʦʚʥʷ SERCA2 ʚ ʣʝʚʦʤ 

ʞʝʣʫʜʦʯʢʝ ʩʝʨʜʮʘ ʤʦʣʦʜʳʭ DBA/2J mdx- ʠ C57 mdx-ʤʳʝhʡ ʠ ʠʭ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʜʠʢʠʭ ʪʠʧʦʚ 

(Cleverdon et al., 2022), ʯʪʦ ʪʘʢʞʝ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʠʟʚʝʩʪʥʳʤ ʜʘʥʥʳʤ ʦ ʙʦʣʝʝ ʧʦʟʜʥʝʤ ʨʘʟʚʠʪʠʠ 
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ʧʘʪʦʣʦʛʠʠ ʩʝʨʜʝʯʥʦʡ ʤʳʮh  rʢʘʢ ʫ ʵʪʠʭ ʤʳʝhʡ, ʪʘʢ ʠ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ. ʇʨʠ ʵʪʦʤ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʠʟʚʝʩʪʥʳʝ ʜʘʥʥʳʝ ʦʙ ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʘʜʝʥʦʘʩʩʦʮʠʠʨʦʚʘʥʥʳʤ ʚʠʨʫʩʦʤ (AAV) 

ʛʠʧʝʨʵʢʩʧʨʝʩʩʠʠ SERCA2 ʚ ʚʦʟʨʘʩʪʥʳʭ mdx-ʤʳʘhʭ, ʯʪʦ ʫʣʫʯʰʘʣʦ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ 

ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʩʝʨʜʮʘ (Shin et al., 2011), ʘ ʚ ʩʣʫʯʘʝ ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ ʟʥʘʯʠʪʝʣʴʥʦ 

ʟʘʤʝʜʣʷʣʦ ʨʘʟʚʠʪʠʝ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ (Wasala et al., 2020). 

ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ SERCA ʧʦʜʚʝʨʛʘʝʪʩʷ ʧʦʩʩʪʨʘʥʩʣʷʮʠʦʥʥʳʤ ʤʦʜʠʬʠʢʘʮʠʷʤ, ʯʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʤʥʦʞʝʩʪʚʘ ʩʠʩʪʝʤ ʧʨʠ ʄɼɼ ʠ ʦʙʫʩʣʦʚʣʝʥʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʠ ɸʌɸ. ʀʟʚʝʩʪʥʦ, ʯʪʦ SERCA ʩʦʜʝʨʞʘʪ ʩʘʡʪʳ, ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʢ 

ʥʠʪʨʦʟʠʣʠʨʦʚʘʥʠʶ ʠ ʥʠʪʨʠʨʦʚʘʥʠʶ, ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ ɸʌɸ, ʯʪʦ ʚ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʫʭʫʜʰʘʝʪ 

ʠʭ ʩʧʦʩʦʙʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ Ca2+ (Viner et al., 1996, 1997, 1999ʘ, 1999ʙ). ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʠ ʣʝʚʳʭ ʞʝʣʫʜʦʯʢʘʭ ʩʝʨʜʮʘ D2 mdx-ʤʳʝhʡ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʝʡ 

ʦʙʱʝʛʦ ʥʠʪʨʦʮʠʩʪʝʠʥʘ ʠ ʥʠʪʨʦʪʠʨʦʟʠʥʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʧʨʠʟʥʘʢʦʤ ʨʘʥʥʝʛʦ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ/ʥʠʪʨʦʟʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʤʦʞʝʪ ʥʘʨʫʰʘʪʴ ʩʧʦʩʦʙʥʦʩʪʴ SERCA ʘʜʝʢʚʘʪʥʦ 

ʧʦʛʣʦʱʘʪʴ ʠʦʥʳ ʢʘʣʴʮʠʷ (Cleverdon et al., 2022). 

 

 

ʈʠʩʫʥʦʢ 7 ï ʅʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʠ ʠ ʨʝʛʫʣʷʮʠʠ Ca2+-ɸʊʌʘʟʳ ʩʘʨʢʦ/ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʪʠʢʫʣʫʤʘ (SERCA) ʠ ʨʠʘʥʦʜʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ (RyR) ʠ ʠʭ ʧʦʩʣʝʜʩʪʚʠʷ: 1 ï ʩʥʠʞʝʥʠʝ ʉʘ2+-

ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ ʩʧʦʩʦʙʥʦʩʪʠ SERCA, ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʥʠʪʨʦʟʠʣʠʨʦʚʘʥʠʝʤ ʠ ʫʚʝʣʠʯʝʥʠʝʤ 

ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ ʩʘʨʢʦʣʠʧʠʥʘ (SLN); 2 ï ʫʪʝʯʢʘ ʉʘ2+ ʯʝʨʝʟ RyR, 

ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʥʠʪʨʦʟʠʣʠʨʦʚʘʥʠʝʤ/ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝʤ ʨʝʮʝʧʪʦʨʘ ʠ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ 

ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ RyR ʢʘʣʩʪʘʙʠʥʘ (Csb) 
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ɽʱʝ ʦʜʥʠʤ ʬʘʢʪʦʨʦʤ, ʦʢʘʟʳʚʘʶʱʠʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʠ, ʚʦʟʤʦʞʥʦ, ʨʝʰʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ 

ʩʧʦʩʦʙʥʦʩʪʴ SERCA ʧʦʛʣʦʱʘʪʴ ʢʘʣʴʮʠʡ, ʷʚʣʷʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʤʘʣʳʭ ʧʝʧʪʠʜʦʚ, 

ʪʦʥʢʦ ʤʦʜʫʣʠʨʫʶʱʠʭ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ. ʂ ʪʘʢʠʤ ʬʘʢʪʦʨʘʤ ʦʪʥʦʩʷʪʩʷ ʩʣʝʜʫʶʱʠʝ ʦʩʥʦʚʥʳʝ 

ʠʥʛʠʙʠʪʦʨʳ: ʬʦʩʬʦʣʘʤʙʘʥ, ʩʥʠʞʘʶʱʠʡ ʩʨʦʜʩʪʚʦ SERCA2ʘ ʢ Ca2+ ʚ ʦʩʥʦʚʥʦʤ ʚ ʞʝʣʫʜʦʯʢʘʭ 

ʩʝʨʜʮʘ (Babu et al., 2007; Shaikh et al., 2016); ʤʠʦʨʝʛʫʣʠʥ, ʚʳʧʦʣʥʷʶʱʠʡ ʪʫ ʞʝ ʬʫʥʢʮʠʶ ʚ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ (Anderson et al., 2015); ʩʘʨʢʦʣʠʧʠʥ (SLN), ʜʝʡʩʪʚʫʶʱʠʡ ʥʘ ʠʟʦʬʦʨʤʳ 1 ʠ 2 

SERCA ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʧʨʝʜʩʝʨʜʠʡ, ʘ ʪʘʢʞʝ ʨʘʟʦʙʱʘʶʱʠʡ ʛʠʜʨʦʣʠʟ ɸʊʌ ʠ ʪʨʘʥʩʧʦʨʪ ʉʘ2+ 

ʠ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʬʫʥʢʮʠʦʥʘʣʴʥʦ ʪʘʢʞʝ ʩʚʷʟʘʥʥʳʡ ʩ ʤʝʪʘʙʦʣʠʟʤʦʤ ʠ ʧʨʦʜʫʢʮʠʝʡ ʪʝʧʣʘ 

(Babu et al., 2007; Bhupathy et al., 2007; Pant et al., 2016; Shaikh et al., 2016). ɺ ʢʘʯʝʩʪʚʝ 

ʫʥʠʚʝʨʩʘʣʴʥʦʛʦ ʘʢʪʠʚʘʪʦʨʘ ʨʘʟʣʠʯʥʳʭ ʠʟʦʬʦʨʤ SERCA ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʙʝʣʦʢ DWORF (dwarf 

open reading frame, ʢʘʨʣʠʢʦʚʘʷ ʦʪʢʨʳʪʘʷ ʨʘʤʢʘ ʩʯʠʪʳʚʘʥʠʷ) (Nelson et al., 2016). ʉʦʦʙʱʘʝʪʩʷ, 

ʯʪʦ ʫʨʦʚʝʥʴ ʬʦʩʬʦʣʘʤʙʘʥʘ ʚ ʞʝʣʫʜʦʯʢʘʭ ʩʝʨʜʮʘ DBA/2J mdx- ʠ C57 mdx-ʤʳʝhʡ ʥʝ ʠʟʤʝʥʷʝʪʩʷ 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʜʠʢʠʤ ʪʠʧʦʤ (Cleverdon et al., 2022), ʦʜʥʘʢʦ ʵʣʠʤʠʥʘʮʠʷ ʬʦʩʬʦʣʘʤʙʘʥʘ 

ʫʩʫʛʫʙʣʷʝʪ ʨʘʟʚʠʪʠʝ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ (Law et al., 2018). ɺ ʩʣʫʯʘʝ SLN ʫʩʪʘʥʦʚʣʝʥʦ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʨʘʟʣʠʯʥʳʭ ʤʳʠhʥʳʭ ʤʦʜʝʣʝʡ, ʘ 

ʪʘʢʞʝ ʩʝʨʜʮʝ, ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʧʦʜʘʚʣʝʥʠʶ SERCA (Schneider et al., 2013; Voit et al., 2017). 

ʊʘʢʠʝ ʞʝ ʜʘʥʥʳʝ ʧʦʣʫʯʝʥʳ ʥʘ ʜʠʩʪʨʦʬʠʯʥʳʭ ʩʦʙʘʢʘʭ (Niranjan et al., 2019) ʠ ʧʘʮʠʝʥʪʘʭ, 

ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ (Voit et al., 2017). ʕʪʦ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʥʘʨʫʰʝʥʠʶ 

ʤʠʦʛʝʥʥʦʡ ʜʠʬʬʝʨʝʥʮʠʨʦʚʢʠ ʧʨʠ ʄɼɼ (Niranjan et al., 2019). ʇʨʠ ʵʪʦʤ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʥʦʢʘʫʪ 

ʠʣʠ ʧʦʜʘʚʣʝʥʠʝ SLN ʫʣʫʯʰʘʝʪ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʳʭ ʠ ʩʝʨʜʝʯʥʳʭ ʤʳʮh ʚ ʤʦʜʝʣʠ mdx-ʤʳʝhʡ ʠ 

ʫʚʝʣʠʯʠʚʘʝʪ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʞʠʚʦʪʥʳʭ (Voit et al., 2017; Tanihata et al., 2018; 

Mareedu et al., 2021ʙ; Balakrishnan et al., 2022). ʍʦʪʷ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʜʝʣʝʮʠʷ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ ʩʘʨʢʦʣʠʧʠʥ, ʥʘʧʨʦʪʠʚ, ʫʩʫʛʫʙʣʷʝʪ ʪʝʯʝʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ, 

ʦʛʨʘʥʠʯʠʚʘʷ ʘʢʪʠʚʘʮʠʶ ʢʘʣʴʮʠʥʝʡʨʠʥʘ (Fajardo et al., 2018), ʧʨʦʪʠʚʦʜʝʡʩʪʚʫʶʱʝʛʦ 

ʜʠʩʪʨʦʬʠʯʝʩʢʦʡ ʧʘʪʦʣʦʛʠʠ (Chakkalakal et al., 2004; Stupka et al., 2008). ʅʝʜʘʚʥʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʫʨʦʚʝʥʴ ʘʢʪʠʚʘʪʦʨʘ SERCA DWORF ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥ ʚ ʣʝʚʳʭ ʞʝʣʫʜʦʯʢʘʭ ʠ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮhʘʭ mdx-ʤʳʝhʡ (Morales et al., 2023). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ DWORF 

ʧʨʠʚʝʣʦ ʢ ʫʤʝʥʴʰʝʥʠʶ ʬʠʙʨʦʟʘ ʤʠʦʢʘʨʜʘ, ʫʣʫʯʰʝʥʠʶ ʚʳʥʦʩʣʠʚʦʩʪʠ ʞʠʚʦʪʥʳʭ, ʧʘʨʘʤʝʪʨʦʚ 

ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʬʠʠ ʠ ʩʝʨʜʝʯʥʦʡ ʛʝʤʦʜʠʥʘʤʠʢʠ. 

ɺʳʭʦʜ ʢʘʣʴʮʠʷ ʠʟ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ 

ʨʠʘʥʦʜʠʥʦʚʦʛʦ ʨʝʮʝʧʪʦʨʘ (RyR) ʚʦ ʚʨʝʤʷ ʩʝʘʥʩʘ ʤʳʝhʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ 

ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʠʟʦʬʦʨʤ RyR c Ca2+ ʢʘʥʘʣʘʤʠ 

L-ʪʠʧʘ (Cav1.1) ʥʘ ʥʘʨʫʞʥʦʡ ʤʝʤʙʨʘʥʝ, ʢʦʪʦʨʳʝ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʧʦʧʝʨʝʯʥʳʭ ʢʘʥʘʣʴʮʘʭ 

(ʊ-ʪʨʫʙʦʯʢʘʭ) (Zhang et al., 2021). ʇʦʢʘʟʘʥʦ, ʯʪʦ RyR ʧʦʜʚʝʨʛʘʝʪʩʷ ʫʪʝʯʢʝ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ 

ʠ ʩʝʨʜʮʝ ʧʨʠ ʄɼɼ (ʨʠʩʫʥʦʢ 7) (Bellinger et al., 2009; Fauconnier et al., 2010; Kyrychenko et al., 
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2013; Nogami et al., 2020). ɺ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ mdx-ʤʳʝhʡ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʦʩʪʨʘʥʩʣʷʮʠʦʥʥʳʤʠ ʤʦʜʠʬʠʢʘʮʠʷʤʠ RyR1 ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, S-ʥʠʪʨʦʟʠʣʠʨʦʚʘʥʠʝʤ 

ʠʥʜʫʮʠʨʫʝʤʦʡ NOS (Bellinger et al., 2009) ʠʣʠ, ʧʦ ʜʨʫʛʠʤ ʜʘʥʥʳʤ, ʥʝʡʨʦʥʘʣʴʥʦʡ NOS (nNOS) 

(Nogami et al., 2020). ʇʦʜʦʙʥʳʡ ʧʨʦʮʝʩʩ ʧʨʠ ʫʯʘʩʪʠʠ RyR1 ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʝʨʜʝʯʥʦʡ ʤʳʮhʝ ʠ 

ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʘʨʠʪʤʠʶ ʫ mdx-ʤʳʝhʡ (Fauconnier et al., 2010). ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʦʪʤʝʯʘʝʪʩʷ 

ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʢʨʠʪʠʯʝʩʢʦʛʦ ʨʝʛʫʣʷʪʦʨʘ RyR ʢʘʣʩʪʘʙʠʥʘ, ʧʦʜʜʝʨʞʠʚʘʶʱʝʛʦ ʟʘʢʨʳʪʦʝ 

ʩʦʩʪʦʷʥʠʝ RyR, ʢʘʢ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ (Bellinger et al., 2009), ʪʘʢ ʠ ʩʝʨʜʮʝ (Fauconnier et al., 

2010) mdx-ʤʳʝhʡ, ʯʪʦ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʪʝʯʢʝ ʢʘʣʴʮʠʷ ʯʝʨʝʟ RyR. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʩʝʨʜʮʝ mdx-

ʤʳʝhʡ ʚʳʷʚʣʝʥʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʝ ʠ ʦʢʠʩʣʝʥʠʝ RyR2, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʶʱʝʝ ʥʘʨʫʰʝʥʠʶ 

ʬʫʥʢʮʠʠ RyR (Fauconnier et al., 2010; Kyrychenko et al., 2013), ʧʨʠ ʵʪʦʤ ʛʝʥʝʪʠʯʝʩʢʦʝ 

ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ RyR2 ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʝʛʦ ʦʢʠʩʣʝʥʠʝ (Wang et al., 2015). 

ʇʨʠʤʝʥʝʥʠʝ Rycal (S48168/ARM210), ʫʣʫʯʰʘʶʱʝʛʦ ʩʚʷʟʳʚʘʥʠʝ ʢʘʣʩʪʘʙʠʥʘ ʩ RyR, ʪʘʢʞʝ 

ʧʨʝʜʦʪʚʨʘʱʘʣʦ ʢʘʣʴʮʠʝʚʫʶ ʫʪʝʯʢʫ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ ʫʣʫʯʰʘʣʦ ʢʘʣʴʮʠʝʚʳʡ 

ʛʦʤʝʦʩʪʘʟ ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ (Capogrosso et al., 2018), ʘ ʪʘʢʞʝ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ, 

ʧʦʣʫʯʝʥʥʳʭ ʠʟ ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ 

ʄɼɼ (Barthelemy et al., 2019). 

ɺ ʧʦʩʣʝʜʥʝʡ ʨʘʙʦʪʝ Cleverdon ʠ ʢʦʣʣʝʛ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʢʝʣʝʪʥʳʝ ʤʳʮhʳ ʤʦʣʦʜʳʭ 

DBA/2J mdx ʠ C57 mdx-ʤʳʰʝʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ RyR1 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʞʠʚʦʪʥʳʤʠ ʜʠʢʦʛʦ ʪʠʧʘ, ʘ ʚ ʜʠʘʬʨʘʛʤʝ ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʢʘʣʩʪʘʙʠʥʘ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʣʦ ʥʘʨʫʰʝʥʠʶ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤ ʨʝʪʠʢʫʣʫʤʦʤ. ɺ 

ʪʦ ʞʝ ʚʨʝʤʷ ʘʚʪʦʨʳ ʥʝ ʚʳʷʚʠʣʠ ʥʠʢʘʢʠʭ ʠʟʤʝʥʝʥʠʡ ʚ ʵʢʩʧʨʝʩʩʠʠ RyR2 ʠ ʫʨʦʚʥʝ ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʬʘʢʪʦʨʦʚ ʚ ʩʝʨʜʮʝ ʜʠʩʪʨʦʬʠʯʥʳʭ ʞʠʚʦʪʥʳʭ (Cleverdon et al., 2022). ɼʨʫʛʦʡ ʤʝʭʘʥʠʟʤ ʚʳʭʦʜʘ 

ʢʘʣʴʮʠʷ ʠʟ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʦʙʫʩʣʦʚʣʝʥ ʘʢʪʠʚʥʦʩʪʴʶ ʠʥʦʟʠʪʦʣ-1,4,5-

ʪʨʠʬʦʩʬʘʪʥʦʛʦ ʨʝʮʝʧʪʦʨʘ (IP3R). IP3R ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʨʘʟʚʠʪʠʠ ʄɼɼ, ʯʪʦ 

ʨʘʩʩʤʦʪʨʝʥʦ ʥʘʤʠ ʙʦʣʝʝ ʜʘʣʝʝ ʚ ʛʣʘʚʝ, ʢʘʩʘʶʱʝʡʩʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʭ 

ʤʝʤʙʨʘʥ (ʠʣʠ ʄɸʄ-ʢʦʥʪʘʢʪʦʚ), ʦʙʦʛʘʱʝʥʥʳʭ IP3R. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚ ʨʷʜʝ ʩʦʦʙʱʝʥʠʡ 

(ʩʫʤʤʠʨʦʚʘʥʥʳʭ ʚ ʦʙʟʦʨʝ Mareedu et al., 2021ʘ) ʪʘʢʞʝ ʦʪʤʝʯʘʶʪʩʷ ʠʟʤʝʥʝʥʠʷ (ʠʣʠ ʠʭ 

ʦʪʩʫʪʩʪʚʠʝ) ʚ ʫʨʦʚʥʝ ʠ ʬʫʥʢʮʠʠ ʨʘʟʣʠʯʥʳʭ ʙʝʣʢʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʣʶʤʝʥʝ 

ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʙʫʬʝʨʠʟʘʮʠʠ Ca2+ ʠ ʨʝʛʫʣʠʨʫʶʱʠʭ 

ʧʦʛʣʦʱʝʥʠʝ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʠʦʥʘ ʠʟ ʨʝʪʠʢʫʣʫʤʘ. ʂ ʪʘʢʠʤ ʙʝʣʢʘʤ ʦʪʥʦʩʷʪʩʷ ʢʘʣʴʩʝʢʚʝʩʪʨʠʥ 

(ʉSQ), ʢʘʣʴʩʝʢʚʝʩʪʨʠʥ-ʧʦʜʦʙʥʳʝ ʙʝʣʢʠ (CLP), Ca2+-ʩʚʷʟʳʚʘʶʱʠʡ ʙʝʣʦʢ, ʦʙʦʛʘʱʝʥʥʳʡ 

ʛʠʩʪʠʜʠʥʦʤ (HRCBP), ʢʘʣʴʨʝʪʠʢʫʣʠʥ ʠ ʩʘʨʢʘʣʫʤʝʥʠʥ. ʆʩʥʦʚʥʳʤ ʙʝʣʢʦʤ, ʫʯʘʩʪʚʫʶʱʠʤ ʚ 

ʙʫʬʝʨʠʟʘʮʠʠ ʢʘʣʴʮʠʷ ʚ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ, ʷʚʣʷʝʪʩʷ CSQ. ʆʥ ʣʦʢʘʣʠʟʦʚʘʥ ʚ 

ʪʝʨʤʠʥʘʣʴʥʳʭ ʮʠʩʪʝʨʥʘʭ ʨʝʪʠʢʫʣʫʤʘ ʢʘʢ ʚ ʩʝʨʜʝʯʥʳʭ, ʪʘʢ ʠ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ. CSQ 

ʩʫʱʝʩʪʚʫʝʪ ʚ ʜʚʫʭ ʠʟʦʬʦʨʤʘʭ. CSQ1 ʚ ʦʩʥʦʚʥʦʤ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳhʮʘʭ, ʪʦʛʜʘ 
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ʢʘʢ CSQ2 ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʩʝʨʜʝʯʥʦʡ ʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʤʝʜʣʝʥʥʦʛʦ ʪʠʧʘ (Murphy et al., 

2009).  

ʋʨʦʚʝʥʴ CSQ ʠ ʢʘʣʴʤʦʜʫʣʠʥʘ (CaM) ʩʫʱʝʩʪʚʝʥʥʦ ʫʚʝʣʠʯʝʥ ʚʦ ʚʥʫʪʨʝʥʥʠʭ ʤʳʮhʘʭ 

ʛʦʨʪʘʥʠ mdx-ʤʳʝhʡ, ʪʦʛʜʘ ʢʘʢ ʚ ʜʠʘʬʨʘʛʤʝ ʵʪʠʭ ʞʠʚʦʪʥʳʭ ʦʪʤʝʯʝʥʦ ʙʦʣʝʝ ʥʠʟʢʦʝ ʩʦʜʝʨʞʘʥʠʝ 

ʵʪʦʛʦ ʙʝʣʢʘ (Pertille et al., 2010). ʊʘʢʞʝ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ CSQ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥ ʚ 

ʢʘʤʙʘʣʦʚʠʜʥʦʡ ʠ ʛʨʫʜʠʥʦ-ʢʣʶʯʠʯʥʦ-ʩʦʩʮʝʚʠʜʥʦʡ ʤʳʮhʘʭ, ʥʦ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʚ ʧʝʨʝʜʥʝʡ 

ʙʦʣʴʰʝʙʝʨʮʦʚʦʡ ʤʳʮhʝ. ʆʜʥʘʢʦ ʚ ʧʦʩʣʝʜʥʝʤ ʩʣʫʯʘʝ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥ ̫CaM (Pertille 

et al., 2010). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ CSQ2 ʨʝʟʢʦ ʩʥʠʞʝʥ ʚ ʩʝʨʜʮʝ mdx-ʤʳʝhʡ (Lohan and 

Ohlendieck, 2004). ʆʜʥʘʢʦ ʜʨʫʛʠʝ ʛʨʫʧʧʳ ʥʝ ʚʳʷʚʠʣʠ ʪʘʢʦʛʦ ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥ ̫ CSQ2 ʢʘʢ ʚ 

ʩʝʨʜʮʝ mdx-ʤʳʝhʡ, ʪʘʢ ʠ mdx:utr-/--ʞʠʚʦʪʥʳʭ (Pertille et al., 2010; Voit et al., 2017). 

ʋʜʠʚʠʪʝʣʴʥʦ, ʥʦ ʵʢʩʧʨʝʩʩʠʷ CSQ2 ʧʦʚʳʰʝʥʘ ʚ ʙʳʩʪʨʳʭ ʤʳʮhʘʭ ʦʙʝʠʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ 

(Schneider et al., 2013; Voit et al., 2017). ʊʦʯʥʘʷ ʧʨʠʯʠʥʘ ʫʚʝʣʠʯʝʥʠʷ CSQ2 ʥʝʠʟʚʝʩʪʥʘ, ʥʦ, 

ʚʝʨʦʷʪʥʦ, ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʘ ʩ ʧʝʨʝʢʣʶʯʝʥʠʝʤ ʪʠʧʘ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ ʩ ʙʳʩʪʨʳʭ ʥʘ 

ʤʝʜʣʝʥʥʳʝ ʚ ʤʦʜʝʣʴʥʳʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ. ʋʨʦʚʝʥʴ ʢʘʣʴʩʝʢʚʝʩʪʨʠʥ-ʧʦʜʦʙʥʳʭ 

ʙʝʣʢʦʚ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ mdx-ʤʳʝhʡ (Culligan et al., 2002). ʕʢʩʧʨʝʩʩʠʷ 

HRCBP ʧʦʚʳʰʝʥʘ ʚ ʩʝʨʜʮʝ mdx-ʞʠʚʦʪʥʳʭ (Lohan and Ohlendieck, 2004). ʇʨʠ ʵʪʦʤ ʵʢʩʧʨʝʩʩʠʷ 

ʩʘʨʢʘʣʫʤʝʥʠʥʘ ʩʥʠʞʝʥʘ ʢʘʢ ʚ ʩʢʝʣʝʪʥʳʭ, ʪʘʢ ʠ ʚ ʩʝʨʜʝʯʥʳʭ ʤʳʮhʘʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤʳʝhʡ (Lohan and Ohlendieck, 2004). ɺ ʮʝʣʦʤ ʠʟʤʝʥʝʥʠʷ ʚ ʫʨʦʚʥʝ Ca2+-ʩʚʷʟʳʚʘʶʱʠʭ ʙʝʣʢʦʚ 

ʣʶʤʝʥʘ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʧʦʜʪʚʝʨʞʜʘʶʪ ʦʙʱʫʶ ʜʠʩʨʝʛʫʣʷʮʠʶ Ca2+ 

ʛʦʤʝʦʩʪʘʟʘ ʚ ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʤʳʮhʘʭ. ʇʨʠ ʵʪʦʤ ʨʘʟʣʠʯʠʷ ʚ ʫʨʦʚʥʷʭ ʵʢʩʧʨʝʩʩʠʠ ʵʪʠʭ ʙʝʣʢʦʚ 

ʤʦʛʫʪ ʦʪʨʘʞʘʪʴ ʪʷʞʝʩʪʴ ʤʳʝhʯʥʦʡ ʧʘʪʦʣʦʛʠʠ. 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠʯʝʛʦ ʥʝ ʠʟʚʝʩʪʥʦ ʦ ʚʣʠʷʥʠʠ ʄɼɼ ʥʘ ʬʫʥʢʮʠʶ ʜʨʫʛʠʭ ʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ, ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ ʤʝʤʙʨʘʥʝ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʨʝʯʴ 

ʠʜʝʪ ʦ ʢʘʥʘʣʘʭ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʭ ʨʘʟʥʠʮʫ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʟʘʨʷʜʝ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ 

ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢʘʣʴʮʠʷ (Kuum 

et al., 2015; Takeshima et al., 2015). ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʧʨʦʥʠʮʘʝʤʳʝ ʜʣʷ ʢʘʣʠʷ ʪʨʠʤʝʨʥʳʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʢʘʪʠʦʥʥʳʝ ʢʘʥʘʣʳ (TRIC-ʢʘʥʘʣʳ), ATʌ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʠ Ca2+-

ʘʢʪʠʚʠʨʫʝʤʳʝ ʢʘʣʠʝʚʳʝ ʢʘʥʘʣʳ (KATʌ- ʠ KCa-ʢʘʥʘʣʳ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ), ʢʘʣʠʡ-ʚʦʜʦʨʦʜʥʳʡ 

ʦʙʤʝʥʥʠʢ (KHE). ɹʦʣʝʝ ʪʦʛʦ, ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʫʢʘʟʘʥʥʳʡ ʚʳʰʝ RyR ʪʘʢʞʝ ʪʨʘʥʩʧʦʨʪʠʨʫʝʪ K+, 

ʦʙʣʘʜʘʷ ʩʦʙʩʪʚʝʥʥʳʤ ʧʨʦʪʠʚʦʪʦʢʦʤ (Gillespie and Fill, 2008). ʋʢʘʟʘʥʥʳʝ ʢʘʥʘʣʳ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ 

ʪʘʢʞʝ ʩʧʦʩʦʙʥʳ ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʠ ʜʨʫʛʠʝ ʠʦʥʳ (Na+, Mg2+ ʠʣʠ H+). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ 

ʥʘʨʷʜʫ ʩ ʢʦʤʧʝʥʩʘʮʠʝʡ ʟʘʨʷʜʘ ʵʪʠ ʢʘʥʘʣʳ ʪʘʢʞʝ ʢʦʥʪʨʦʣʠʨʫʶʪ ʦʙʲʝʤ ʮʠʩʪʝʨʥ 

ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ, ʪʝʤ ʩʘʤʳʤ ʤʦʜʠʬʠʮʠʨʫʷ ʝʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʩʚʦʡʩʪʚʘ ʠ 

ʧʨʝʞʜʝ ʚʩʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʛʣʦʱʘʪʴ ʠʦʥʳ ʢʘʣʴʮʠʷ (Kuum et al., 2015). ɺ ʯʘʩʪʥʦʩʪʠ, ʧʦʢʘʟʘʥʦ, 

ʯʪʦ ʤʳʠh ʩ ʥʦʢʘʫʪʦʤ TRIC ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʘ Ca2+ ʠ ʵʤʙʨʠʦʥʘʣʴʥʦʡ 
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ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ (Yazawa et al., 2007). ʋʯʠʪʳʚʘʷ ʤʥʦʛʦʛʨʘʥʥʦʩʪʴ ʤʦʣʝʢʫʣʷʨʥʳʭ 

ʤʝʭʘʥʠʟʤʦʚ ʨʘʟʚʠʪʠʷ ʄɼɼ, ʚʦʟʤʦʞʥʦ, ʯʪʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʵʪʠʭ ʢʘʥʘʣʦʚ ʪʘʢʞʝ ʥʘʨʫʰʝʥʦ 

ʧʨʠ ʵʪʦʡ ʧʘʪʦʣʦʛʠʠ ʠ ʪʨʝʙʫʝʪ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

1.2.4.2. ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʠʦʥʥʭr ʢʘʥʘʣʦʚ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ ʤʳʰʝʯʥʦʡ 

ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʄʠʪʦʭʦʥʜʨʠʠ, ʷʚʣʷʷʩʴ ʩʠʣʦʚʳʤʠ ʩʪʘʥʮʠʷʤʠ ʢʣʝʪʦʢ, ʩʠʥʪʝʟʠʨʫʶʪ ʦʩʥʦʚʥʫʶ ʤʘʩʩʫ ɸʊʌ, 

ʚ ʪʦʤ ʯʠʩʣʝ ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʩʦʢʨʘʪʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ 

ʧʦʧʝʨʝʯʥʦʧʦʣʦʩʘʪʳʭ ʤʳʮh. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʤʠʪʦʭʦʥʜʨʠʠ ʷʚʣʷʶʪʩʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʳʤʠ 

ʫʯʘʩʪʥʠʢʘʤʠ ʢʣʝʪʦʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʢʘʣʠʷ ʠ ʜʨʫʛʠʭ ʠʦʥʦʚ, ʙʣʘʛʦʜʘʨʷ ʯʝʤʫ ʵʪʠ 

ʦʨʛʘʥʝʣʣʳ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʚ ʨʝʛʫʣʷʮʠʠ ʨʘʟʣʠʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʠʥʠʮʠʠʨʫʶʱʠʭ ʠʣʠ, 

ʥʘʧʨʦʪʠʚ, ʧʨʝʜʦʪʚʨʘʱʘʶʱʠʭ ʛʠʙʝʣʴ ʢʣʝʪʦʢ.  

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʦʢʨʫʞʝʥʳ ʜʚʫʤʷ ʤʝʤʙʨʘʥʘʤʠ. ɺʥʝʰʥʷʷ ʤʝʤʙʨʘʥʘ 

ʩʚʦʙʦʜʥʦ ʧʨʦʥʠʮʘʝʤʘ ʜʣʷ ʠʦʥʦʚ ʠ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʝʜʠʥʝʥʠʡ ʙʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ 

VDAC-ʢʘʥʘʣʦʚ, ʢʦʪʦʨʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʪ ʩ ʮʠʪʦʩʢʝʣʝʪʦʤ ʢʣʝʪʢʠ ʯʝʨʝʟ ʤʠʢʨʦʪʨʫʙʦʯʢʠ (Mado 

et al., 2019). ɺ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ D2 mdx-ʤʳʝhʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʥʘʨʫʰʝʥʠʝ ʪʘʢʦʛʦ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʚʩʣʝʜʩʪʚʠʝ ʦʪʩʫʪʩʪʚʠʷ ʜʠʩʪʨʦʬʠʥʘ, ʦʪʤʝʯʝʥʦ ʥʘʨʫʰʝʥʠʝ Aɼʌ/ATʌ-ʦʙʤʝʥʘ 

ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ (Ramos et al., 2020). ʊʘʢʞʝ ʚʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʪʝʨʷ ʘʨʭʠʪʝʢʪʫʨʳ ʚ ʤʠʦʮʠʪʘʭ 

ʞʝʣʫʜʦʯʢʦʚ ʩʝʨʜʮʘ mdx-ʤʳʝhʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʚʟʘʠʤʦʩʚʷʟʠ 

Ca2+-ʢʘʥʘʣʦʚ L-ʪʠʧʘ ʠ VDAC-ʢʘʥʘʣʦʚ ʤʠʪʦʭʦʥʜʨʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʠ ʧʦʜʘʚʣʝʥʠʶ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʝʣʣ. ʇʨʠ ʵʪʦʤ ʙʣʦʢʠʨʦʚʘʥʠʝ 

VDAC-ʢʘʥʘʣʦʚ ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʦ ʤʝʤʙʨʘʥʥʳʡ ʧʦʪʝʥʮʠʘʣ ʤʠʪʦʭʦʥʜʨʠʡ (Viola et al., 2016). 

ɺʥʫʪʨʝʥʥʷʷ ʤʝʤʙʨʘʥʘ ʤʠʪʦʭʦʥʜʨʠʡ ʩʦʜʝʨʞʠʪ ʤʥʦʞʝʩʪʚʦ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʠʦʥʥʳʭ 

ʢʘʥʘʣʦʚ, ʦʙʝʩʧʝʯʠʚʘʶʱʠʭ ʠʟʙʠʨʘʪʝʣʴʥʫʶ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʜʣʷ ʠʦʥʦʚ ʠ ʤʝʪʘʙʦʣʠʪʦʚ (Szabo and 

Szewczyk, 2023). ɸʢʮʝʥʪ ʙʦʣʴʰʠʥʩʪʚʘ ʩʦʚʨʝʤʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʦʩʥʦʚʘʥ ʥʘ ʨʦʣʠ 

ʜʠʩʨʝʛʫʣʷʮʠʠ ʢʘʣʴʮʠʝʚʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʯʪʦ ʚ ʮʝʣʦʤ ʥʝʫʜʠʚʠʪʝʣʴʥʦ ʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʨʦʣʴʶ ʵʪʦʛʦ ʠʦʥʘ ʚ ʧʘʪʦʛʝʥʝʟʝ ʄɼɼ, ʘ ʪʘʢʞʝ ʜʦʩʪʘʪʦʯʥʦʡ ʧʨʦʜʚʠʥʫʪʦʩʪʴʶ ʪʝʭʥʠʢ 

ʠʟʤʝʨʝʥʠʷ ʧʦʪʦʢʦʚ ʵʪʦʛʦ ʠʦʥʘ ʢʘʢ ʚ ʦʨʛʘʥʝʣʣʘʭ, ʪʘʢ ʠ ʢʣʝʪʢʘʭ ʠ ʪʢʘʥʷʭ. ʂʨʦʤʝ ʪʦʛʦ, ʧʦʩʣʝʜʥʝʝ 

ʜʝʩʷʪʠʣʝʪʠʝ ʦʟʥʘʤʝʥʦʚʘʣʦʩʴ ʚʘʞʥʳʤʠ ʦʪʢʨʳʪʠʷʤʠ, ʩʚʷʟʘʥʥʳʤʠ ʩ ʫʩʪʘʥʦʚʣʝʥʠʝʤ 

ʤʦʣʝʢʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ ʤʥʦʛʠʭ ʉʘ2+-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʤʠʪʦʭʦʥʜʨʠʡ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʤʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤr  ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʩʪʨʫʢʪʫʨ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 

ʠ ʩʝʨʜʮʘ ʧʨʠ ʄɼɼ ʥʝ ʙʳʣʠ ʠʩʩʣʝʜʦʚʘʥʳ. ʕʪʦ ʞʝ ʢʘʩʘʝʪʩʷ ʠ ʢʘʣʠʝʚʳʭ ʢʘʥʘʣʦʚ ʚʥʫʪʨʝʥʥʝʡ 

ʤʝʤʙʨʘʥʳ ʤʠʪʦʭʦʥʜʨʠʡ. ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʨʝʛʫʣʷʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ 

ʢʘʣʠʝʚʳʭ ʢʘʥʘʣʦʚ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʤʠʦʧʘʪʠʡ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʣʘʪʘʮʠʦʥʥʦʡ 
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ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ, ʯʪʦ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʄɼɼ (Bienengraeber et al., 

2004; Farid et al., 2011; ʍʘʨʣʘʤʦʚ ʠ ʜʨ., 2014). 

1.2.4.3. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ 

ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʤʙʨʘʥʘ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ ʚʥʝʰʥʷʷ ʤʝʤʙʨʘʥʘ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʨʷʜʦʤ ʤʠʪʦʭʦʥʜʨʠʡ ʦʙʨʘʟʫʶʪ ʦʙʱʠʝ ʫʯʘʩʪʢʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʘʩʩʦʮʠʠʨʦʚʘʥʥʳʝ ʤʝʤʙʨʘʥʳ (ʠʣʠ ʄɸʄ-ʢʦʥʪʘʢʪʳ), ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʳ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʡ ʢʦʤʤʫʥʠʢʘʮʠʠ ʤʝʞʜʫ ʵʪʠʤʠ ʦʨʛʘʥʝʣʣʘʤʠ (ʨʠʩʫʥʦʢ 8). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʄɸʄ-

ʢʦʥʪʘʢʪʳ ʩʚʷʟʳʚʘʶʪ ʩ ʨʝʛʫʣʷʮʠʝʡ ʤʝʪʘʙʦʣʠʟʤʘ, ʘʫʪʦʬʘʛʠʝʡ, ʩʪʘʨʝʥʠʝʤ ʠ ʧʨʦʜʫʢʮʠʝʡ ɸʌʂ 

(Simoes et al., 2020). ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ MAM -ʢʦʥʪʘʢʪʦʚ ʷʚʣʷʝʪʩʷ ʪʨʘʥʩʧʦʨʪ ʢʘʣʴʮʠʷ 

ʠʟ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʚ ʤʠʪʦʭʦʥʜʨʠʠ, ʧʦʟʚʦʣʷʶʱʠʡ ʪʦʥʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʘʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʝʣʣ ʠ ʠʭ ʨʦʣʴ ʚ ʨʝʘʣʠʟʘʮʠʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʠ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʩʠʛʥʘʣʦʚ ʚ 

ʢʣʝʪʢʝ.  

 

ʈʠʩʫʥʦʢ 8 ï ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ MAM -ʢʦʥʪʘʢʪʦʚ ʧʨʠ ʄɼɼ, ʚʝʜʫʱʝʝ ʢ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 

ʜʠʩʬʫʥʢʮʠʠ 

ɹʝʣʢʦʚʳʡ ʩʦʩʪʘʚ MAM -ʢʦʥʪʘʢʪʦʚ ʦʪʣʠʯʘʝʪʩʷ ʜʠʥʘʤʠʯʥʦʩʪʴʶ, ʟʘʚʠʩʠʪ ʦʪ ʫʩʣʦʚʠʡ ʠ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʢʣʝʪʢʠ ʠ, ʩʦʛʣʘʩʥʦ ʧʨʦʪʝʦʤʥʳʤ ʜʘʥʥʳʤ, ʤʦʞʝʪ ʚʢʣʶʯʘʪʴ ʙʦʣʝʝ 

1000 ʙʝʣʢʦʚ (Poston et al., 2013). ɿʘ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʢʘʣʴʮʠʷ ʠʟ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʪʠʢʫʣʫʤʘ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʦʪʚʝʯʘʝʪ IP3R. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ ʚʳʰʝʜʰʠʡ ʠʟ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 



43 

 

ʨʝʪʠʢʫʣʫʤʘ ʢʘʣʴʮʠʡ ʩʚʦʙʦʜʥʦ ʧʨʦʥʠʢʘʝʪ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʯʝʨʝʟ VDAC-ʢʘʥʘʣʳ ʚʥʝʰʥʝʡ 

ʤʝʤʙʨʘʥʳ ʵʪʠʭ ʦʨʛʘʥʝʣʣ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ IP3R ʠ VDAC ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʝʣʢʦʤ ï ʰʘʧʝʨʦʥʦʤ 

GRP75 (glucose-regulated protein 75), ʢʦʪʦʨʳʡ ʢʘʢ ʬʠʟʠʯʝʩʢʠ ʩʚʷʟʳʚʘʝʪ IP3R ʠ VDAC ʚ 

ʢʦʤʧʣʝʢʩ, ʪʘʢ ʠ ʦʙʝʩʧʝʯʠʚʘʝʪ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʩʦʧʨʷʞʝʥʠʝ, ʦʙʣʝʛʯʘʶʱʝʝ ʧʦʩʪʫʧʣʝʥʠʝ ʉʘ2+ ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ (Szabadkai et al., 2006). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ IP3R ʠʟʤʝʥʷʝʪʩʷ ʢʘʢ ʚ 

ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʤʳʝhʯʥrʭ ʢʣʝʪʢʘʭ ʯʝʣʦʚʝʢʘ, ʪʘʢ ʠ ʚ ʤʳʮhʘʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ 

(Liberona et al., 1998; C§rdenas et al., 2010; Farini et al., 2016). ʂʨʦʤʝ ʪʦʛʦ, ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʪʘʢʪʦʚ 

IP3R1-GRP75 ʠ IP3R1-VDAC1 ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʦ ʚ ʜʠʘʬʨʘʛʤʝ mdx-ʤʳʝhʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʞʠʚʦʪʥʳʤʠ ʜʠʢʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 8) (Pauly et al., 2017). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʷʚʣʝʥʦ, ʯʪʦ 

ʪʘʫʨʦʫʨʩʦʜʝʟʦʢʩʠʭʦʣʝʚʘʷ ʢʠʩʣʦʪʘ, ʧʦʜʘʚʣʷʶʱʘʷ ʩʪʨʝʩʩ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ, 

ʫʚʝʣʠʯʠʚʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʬʠʟʠʯʝʩʢʠʭ ʢʦʥʪʘʢʪʦʚ ʤʝʞʜʫ ʨʝʪʠʢʫʣʫʤʦʤ ʠ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʠ 

ʫʣʫʯʰʘʝʪ ʩʦʢʨʘʪʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ ʤʳʮh mdx-ʤʳʝhʡ (Pauly et al., 2017). ʊʘʢʞʝ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʘʷ ʙʣʦʢʘʜʘ IP3R ʩ ʧʦʤʦʱʴʶ ʢʩʝʩʪʦʩʧʦʥʛʠʥʘ C ʠʣʠ ʝʛʦ ʛʝʥʝʪʠʯʝʩʢʘʷ 

ʠʥʘʢʪʠʚʘʮʠʷ ʩʥʠʞʘʝʪ ʙʘʟʦʚʳʡ ʫʨʦʚʝʥʴ Ca2+, ʢʦʨʨʝʢʪʠʨʫʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ Ca2+ ʧʨʠ 

ʩʪʠʤʫʣʷʮʠʠ, ʫʤʝʥʴʰʘʝʪ ʫʨʦʚʝʥʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ Ca2+ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʤʳʝhʯʥʫʶ 

ʬʫʥʢʮʠʶ ʫ mdx-ʤʳʝhʡ (Altamirano et al., 2012; Mijares et al., 2014; Valladares et al., 2018). ɺʩʝ 

ʵʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʢʦʤʤʫʥʠʢʘʮʠʠ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ 

ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʄɸʄ-ʢʦʥʪʘʢʪʦʚ ʚ ʨʘʟʚʠʪʠʠ ʢʘʣʴʮʠʝʚʦʡ ʜʠʩʨʝʛʫʣʷʮʠʠ ʧʨʠ ʄɼɼ. 

1.2.4.4. ʇʦʩʣʝʜʩʪʚʠʷ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʠ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʧʨʠ ʤʳʰʝʯʥʦʡ 

ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʨʠ ʄɼɼ ʠʦʥʥʳʝ ʢʘʥʘʣʳ ʩʘʨʢʦʣʝʤʤʳ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ 

ʪʝʨʷʶʪ ʩʧʦʩʦʙʥʦʩʪʴ ʘʜʝʢʚʘʪʥʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʦʩʥʦʚʥʳʝ ʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʜʣʷ 

ʢʦʨʨʝʢʪʥʦʛʦ ʤʳʝhʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ ʠ ʨʘʩʩʣʘʙʣʝʥʠʷ. ʇʨʝʞʜʝ ʚʩʝʛʦ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ 

ʠʟʙʳʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʠʦʥʘ ʢʘʣʴʮʠʷ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʢʦʥʪʨʦʣʠʨʫʶʱʝʛʦ ʩʦʧʨʷʞʝʥʠʝ 

ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ ʤʳʮh (Eisner et al., 2017; Bola¶os et al., 2022). ʕʪʦ 

ʚʳʟʚʘʥʦ ʢʘʢ ʤʝʤʙʨʘʥʥʳʤʠ ʨʘʟʨʳʚʘʤʠ, ʪʘʢ ʠ ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ TRPC ʠ 

ʧʫʨʠʥʦʨʝʮʝʧʪʦʨʦʚ P2X7, ʟʘʢʘʯʠʚʘʶʱʠʭ ʢʘʣʴʮʠʡ ʚ ʤʳʝhʯʥʫʶ ʢʣʝʪʢʫ (ʨʠʩʫʥʦʢ 5). ɹʦʣʝʝ ʪʦʛʦ, 

ʵʪʦʤʫ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ ʥʘʪʨʠʷ 

ʯʝʨʝʟ ʥʘʪʨʠʝʚʳʝ ʢʘʥʘʣʳ, ʯʪʦ, ʚʩʣʝʜʩʪʚʠʝ ʘʢʪʠʚʘʮʠʠ ʥʘʪʨʠʡ-ʢʘʣʴʮʠʝʚʦʛʦ ʦʙʤʝʥʘ ʯʝʨʝʟ NCX, 

ʧʨʠʚʦʜʠʪ ʢ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤʫ ʧʨʠʪʦʢʫ ʢʘʣʴʮʠʷ ʠʟ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ. ʅʘʢʦʥʝʮ, 

ʠʟʙʳʪʦʢ ʥʘʪʨʠʷ ʚʳʟʳʚʘʝʪ ʜʝʧʦʣʷʨʠʟʘʮʠʶ ʠ ʭʨʦʥʠʯʝʩʢʫʶ ʘʢʪʠʚʘʮʠʶ ʢʘʣʴʮʠʝʚʳʭ ʢʘʥʘʣʦʚ L-

ʪʠʧʘ, ʚʝʜʫʱʫʶ ʢ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʢʘʣʴʮʠʷ ʠʟ ʢʨʫʧʥʝʡʰʝʛʦ ʜʝʧʦ ï ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ 

ʨʝʪʠʢʫʣʫʤʘ ʯʝʨʝʟ ʨʠʘʥʦʜʠʥʦʚʳʡ ʨʝʮʝʧʪʦʨ (RyR), ʘ ʪʘʢʞʝ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʯʝʨʝʟ Na+-Ca2+-Li+-

ʦʙʤʝʥʥʠʢ (NCLX). ʀʩʪʦʱʝʥʠʝ ʢʘʣʴʮʠʷ ʚʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣʘʭ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ 
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ʘʢʪʠʚʘʮʠʠ SOCE-ʢʘʥʘʣʦʚ, ʧʳʪʘʶʱʠʭʩʷ ʚʦʩʧʦʣʥʠʪʴ ʫʨʦʚʝʥʴ ʢʘʣʴʮʠʷ ʚ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ 

ʨʝʪʠʢʫʣʫʤʝ, ʥʦ ʧʨʠ ʵʪʦʤ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʢʘʣʴʮʠʝʚʦʡ ʧʝʨʝʛʨʫʟʢʝ ʤʳʝhʯʥʳʭ 

ʢʣʝʪʦʢ (ʨʠʩʫʥʦʢ 6). ʄʘʩʩʠʨʦʚʘʥʥʘʷ ʟʘʢʘʯʢʘ ʠ ʥʝʩʧʦʩʦʙʥʦʩʪʴ ʙʫʬʝʨʠʟʘʮʠʠ ʠʟʙʳʪʢʘ ʢʘʣʴʮʠʷ 

ʧʨʝʧʷʪʩʪʚʫʝʪ ʨʘʩʩʣʘʙʣʝʥʠʶ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʛʠʧʝʨʩʦʢʨʘʱʝʥʠʝ ʠ ʫʛʥʝʪʝʥʠʝ 

ʤʳʝhʯʥʦʛʦ ʨʘʩʩʣʘʙʣʝʥʠʷ ʷʚʣʷʶʪʩʷ ʩʧʝʮʠʬʠʯʝʩʢʠʤʠ ʧʨʠʟʥʘʢʘʤʠ ʄɼɼ ʫ ʨʘʟʥʳʭ ʚʠʜʦʚ (Hara et 

al., 2002). ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʨʫʰʝʥʠʶ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʨʘʩʩʣʘʙʣʝʥʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʠ 

ʩʥʠʞʝʥʠʝ ʢʘʣʠʝʚʳʭ ʧʦʪʦʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʥʳʤʠ ʜʝʪʝʨʤʠʥʘʥʪʘʤʠ ʤʝʤʙʨʘʥʥʦʛʦ 

ʧʦʪʝʥʮʠʘʣʘ ʧʦʢʦʷ ʠ ʨʝʧʦʣʷʨʠʟʘʮʠʠ ʧʦʪʝʥʮʠʘʣʘ ʜʝʡʩʪʚʠʷ (Koenig et al., 2018). ʕʪʦ ʦʩʦʙʝʥʥʦ 

ʚʘʞʥʦ ʜʣʷ ʩʝʨʜʮʘ, ʛʜʝ ʢʘʣʠʝʚʳʝ ʢʘʥʘʣʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʠʪʤʠʯʥʦʩʪʴ ʩʦʢʨʘʱʝʥʠʡ, ʨʝʧʦʣʷʨʠʟʫʷ 

ʢʘʨʜʠʦʤʠʦʮʠʪʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʩʦʢʨʘʪʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʦʩʪʘʶʪʩʷ 

ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤʠ (Ravens and Cerbai, 2008; Burg and Attali, 2021). ɺ ʩʣʫʯʘʝ ʄɼɼ ʵʪʦ, ʧʦ 

ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʘʨʠʪʤʠʠ ʠ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ.   

ʅʘʨʷʜʫ ʩ ʥʘʨʫʰʝʥʠʝʤ ʩʦʧʨʷʞʝʥʠʷ ʧʨʦʮʝʩʩʦʚ ʚʦʟʙʫʞʜʝʥʠʷ ʠ ʩʦʢʨʘʱʝʥʠʷ ʠʟʙʳʪʦʢ ʠʦʥʦʚ 

ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʢʠ ʠʤʝʝʪ ʠ ʜʨʫʛʠʝ ʧʦʩʣʝʜʩʪʚʠʷ. ʄʦʞʥʦ ʦʪʤʝʪʠʪʴ ʥʘʨʫʰʝʥʠʝ 

ʜʠʬʬʝʨʝʥʮʠʘʮʠʠ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ, ʚ ʢʦʪʦʨʦʤ ʠʦʥʳ ʢʘʣʴʮʠʷ ʠʛʨʘʶʪ ʚʘʞʥʫʶ ʨʦʣʴ (Niranjan et 

al., 2019). ʂʨʦʤʝ ʪʦʛʦ, ʧʨʠ ʄɼɼ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ Ca2+-ʟʘʚʠʩʠʤʳʭ ʧʨʦʪʝʘʟ, 

ʠʟʚʝʩʪʥʳʭ ʢʘʢ ʢʘʣʴʧʘʠʥʳ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʤʘʩʩʦʚʦʤʫ ʧʨʦʪʝʦʣʠʟʫ ʢʣʝʪʦʯʥʳʭ ʙʝʣʢʦʚ (Gailly et 

al., 2007; Voit et al., 2017), ʘ ʪʘʢʞʝ Ca2+-ʟʘʚʠʩʠʤʳʭ ʬʦʩʬʦʣʠʧʘʟ, ʥʘʨʫʰʘʶʱʠʭ ʩʪʨʫʢʪʫʨʫ ʠ 

ʫʧʘʢʦʚʢʫ ʤʝʤʙʨʘʥʳ ʢʣʝʪʦʢ ʠ ʦʨʛʘʥʝʣʣ (Lindahl et al., 1995). ɿʘ ʵʪʠʤʠ ʧʨʦʮʝʩʩʘʤʠ ʩʣʝʜʫʝʪ 

ʨʘʟʚʠʪʠʝ ʚʦʩʧʘʣʝʥʠʷ ʠ ʬʠʙʨʦʟʘ (Duan et al., 2021). ʆʧʠʩʘʥʘ ʪʘʢʞʝ ʵʢʪʦʧʠʯʝʩʢʘʷ ʢʘʣʴʮʠʬʠʢʘʮʠʷ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʜʠʘʬʨʘʛʤʳ mdx-ʤʳʝhʡ, ʩʦʧʨʦʚʦʞʜʘʶʱʘʷʩʷ ʦʙʨʘʟʦʚʘʥʠʝʤ ʦʪʣʦʞʝʥʠʡ ʩʦʣʝʡ 

ʢʘʣʴʮʠʷ ʠ ʚʥʦʩʷʱʘʷ ʚʢʣʘʜ ʚ ʧʦʪʝʨʶ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ (Kikkawa et al., 2009; 

Young et al., 2020). ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʧʝʨʝʛʨʫʟʢʘ ʮʠʪʦʧʣʘʟʤʳ ʠʦʥʘʤʠ ʥʘʪʨʠʷ 

ʚʳʟʳʚʘʝʪ ʪʷʞʝʣʳʡ ʦʩʤʦʪʠʯʝʩʢʠʡ ʦʪʝʢ ʫ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ (Lehmann-Horn et al., 

2012). 

ʅʘʢʦʥʝʮ, ʠʟʙʳʪʦʯʥʦʝ ʧʦʩʪʫʧʣʝʥʠʝ ʠʦʥʦʚ ʚ ʢʣʝʪʢʫ ʚʳʟʳʚʘʝʪ ʜʠʩʬʫʥʢʮʠʶ ʠʣʠ, ʚ ʨʷʜʝ 

ʩʣʫʯʘʝʚ, ʘʜʘʧʪʠʚʥʳʡ ʦʪʚʝʪ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ ï ʦʩʥʦʚʥʳʭ ʚʥʫʪʨʝʥʥʠʭ ʨʝʛʫʣʷʪʦʨʦʚ 

ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʠ ʨʝʯʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʜʝʪ ʦ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ ʠ 

ʤʠʪʦʭʦʥʜʨʠʷʭ. ʕʪʦ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʜʘʣʴʥʝʡʰʝʤ ʥʘʨʫʰʝʥʠʠ ʠʦʥʥʦʛʦ 

ʛʦʤʝʦʩʪʘʟʘ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʪʘʢʞʝ ʧʨʠʚʦʜʠʪ ʢ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʜʠʩʬʫʥʢʮʠʠ ʠ ʠʥʜʫʢʮʠʠ 

ʧʫʪʝʡ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ, ʪʘʢ ʢʘʢ ʤʠʪʦʭʦʥʜʨʠʠ ʷʚʣʷʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʧʨʦʜʫʮʝʥʪʘʤʠ ɸʊʌ, 

ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʤʳʝhʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ, ʘ ʪʘʢʞʝ ʩʦʜʝʨʞʘʪ ʚ ʩʝʙʝ ʬʘʢʪʦʨʳ, ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʢʦʪʦʨʳʭ ʚʝʜʝʪ ʢ ʠʥʠʮʠʘʮʠʠ ʨʘʟʣʠʯʥʳʭ ʧʫʪʝʡ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ (ʉʘʨʠʩ ʠ ʂʘʨʘʬʦʣʠ, 2005; 

ɿʘʚʦʜʥʠʢ, 2016; Budzinska et al., 2021; Bellissimo et al., 2022). ʂʨʦʤʝ ʪʦʛʦ, ʢʘʣʴʮʠʝʚʘʷ ʧʝʨʝʛʨʫʟʢʘ 

ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ ʠ ʜʨʫʛʠʭ ʬʫʥʢʮʠʡ ʵʪʠʭ 
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ʦʨʛʘʥʝʣʣ. ɺ ʯʘʩʪʥʦʩʪʠ, ʨʝʪʠʢʫʣʫʤ ʢʦʥʪʨʦʣʠʨʫʝʪ ʫʧʘʢʦʚʢʫ ʠ ʤʦʜʠʬʠʢʘʮʠʶ ʩʝʢʨʝʪʦʨʥʳʭ ʙʝʣʢʦʚ, 

ʙʠʦʩʠʥʪʝʟ ʩʪʝʨʦʣʦʚ ʠ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʘ ʪʘʢʞʝ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ ʩʪʨʝʩʩʘ (Takeshima et al., 

2015). ʕʪʠ ʧʨʦʮʝʩʩʳ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʪʘʢʞʝ ʥʘʨʫʰʝʥʳ ʧʨʠ ʄɼɼ ʠ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ 

mdx-ʤʳʝhʡ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʘʢʪʠʚʘʮʠʝʡ ʬʝʥʦʤʝʥʘ ʦʪʢʣʠʢʘ ʥʝʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʙʝʣʢʦʚ 

(unfolded protein response (UPR)), ʦʛʨʘʥʠʯʠʚʘʶʱʝʛʦ ʥʘʢʦʧʣʝʥʠʝ ʨʘʟʚʝʨʥʫʪʳʭ ʠ ʥʝʧʨʘʚʠʣʴʥʦ 

ʩʚʝʨʥʫʪʳʭ ʙʝʣʢʦʚ (Hulmi et al., 2016; Pauly et al., 2017). ɺ ʤʳʮhʘʭ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ 

ʄɼɼ, ʪʘʢʞʝ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ UPR-ʤʘʨʢʝʨʘ ï ʰʘʧʝʨʦʥʘ GRP78. ʇʨʠ ʵʪʦʤ 

ʩʤʷʛʯʝʥʠʝ ʩʪʨʝʩʩʘ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʩ ʧʦʤʦʱʴʶ ʪʘʫʨʦʫʨʩʦʜʝʟʦʢʩʠʭʦʣʝʚʦʡ 

ʢʠʩʣʦʪʳ ʩʥʠʞʘʣʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ UPR ʚ ʤʳʮhʘʭ mdx-ʤʳʝhʡ (Pauly et al., 2017). 

1.3. ʈʦʣʴ ʥʘʨʫʰʝʥʠʷ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʚ ʨʘʟʚʠʪʠʠ 

ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

1.3.1. ʄʝʭʘʥʠʟʤʳ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʜʠʩʬʫʥʢʮʠʠ ʧʨʠ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʆʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʚʪʦʨʠʯʥʳʭ ʧʨʠʟʥʘʢʦʚ ʄɼɼ ʩʯʠʪʘʝʪʩʷ ʩʠʩʪʝʤʥʦʝ ʥʘʨʫʰʝʥʠʝ 

ʤʝʪʘʙʦʣʠʟʤʘ, ʚʝʜʫʱʝʝ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʮʠʠ ɸʊʌ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʨʘʙʦʪʳ ʩʦʢʨʘʪʠʪʝʣʴʥʦʛʦ 

ʘʧʧʘʨʘʪʘ ʠ ʥʦʨʤʘʣʴʥʦʛʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʤʳʝhʯʥʦʛʦ ʚʦʣʦʢʥʘ. ʋʞʝ ʚ ʧʝʨʚʳʭ ʨʘʙʦʪʘʭ, 

ʢʘʩʘʶʱʠʭʩʷ ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʄɼɼ, ʙʳʣʦ ʦʧʠʩʘʥʦ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʚ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʥʘʭ 

ʙʦʣʴʥʳʭ (Meryon, 1852; Duchenne, 1861). ɺ ʧʨʝʧʘʨʘʪʘʭ ʟʜʦʨʦʚʳʭ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ ʣʠʧʠʜʳ 

ʰʠʨʦʢʦ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʩʘʨʢʦʧʣʘʟʤʝ ʠ ʧʨʠʢʨʝʧʣʝʥʳ ʢ ʩʘʨʢʦʣʝʤʤʝ, ʘ ʧʨʠ ʧʦʚʨʝʞʜʝʥʠʠ ʚʦʣʦʢʦʥ 

ʦʥʠ ʚʳʤʳʚʘʶʪʩʷ ʚʦ ʚʥʝʢʣʝʪʦʯʥʫʶ ʞʠʜʢʦʩʪʴ (Bonsett et al., 1979; Bonsett and Rudman, 1994). ʕʪʘ 

ʦʩʦʙʝʥʥʦʩʪ ɹ ʦʙʥʘʨʫʞʠʚʘʣʘʩʴ ʚ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʘʭ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʨʘʩʠʪʝʣʝʡ, 

ʩʧʝʮʠʬʠʯʥʳʭ ʢ ʣʠʧʠʜʘʤ (Pearce, 1966; Harriman and Reed, 1972). ɺʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʣʠʧʠʜʥʳʝ 

ʢʘʧʣʠ ʷʚʣʷʶʪʩʷ ʥʦʨʤʘʣʴʥʳʤ ʧʨʠʟʥʘʢʦʤ ʟʜʦʨʦʚʳʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʦʙʳʯʥʦ ʨʘʩʧʦʣʦʞʝʥʳ 

ʧʨʦʢʩʠʤʘʣʴʥʝʝ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʟʘʧʘʩʥʳʝ 

ʨʝʟʝʨʚʫʘʨʳ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ (Watt and Hoy, 2012). ʇʦʩʢʦʣʴʢʫ ʩʢʝʣʝʪʥʳʝ ʤʳʮhʳ 

ʠʤʝʶʪ ʚʳʩʦʢʦʝ ʩʨʦʜʩʪʚʦ ʢ ʦʢʠʩʣʝʥʠʶ ʞʠʨʥʳʭ ʢʠʩʣʦʪ ʧʦ ʤʝʨʝ ʫʚʝʣʠʯʝʥʠʷ ʧʦʪʨʝʙʥʦʩʪʠ ʚ ɸʊʌ, 

ʵʪʠ ʨʝʟʝʨʚʫʘʨʳ ʜʝʡʩʪʚʫʶʪ ʢʘʢ ʚʘʞʥʳʝ ʨʝʛʫʣʷʪʦʨʳ ʢʣʝʪʦʯʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʚʦ ʚʨʝʤʷ 

ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʩʪʨʝʩʩʘ. ʈʘʥʥʠʝ ʨʘʙʦʪʳ ʥʘ ʤʠʦʮʠʪʘʭ, ʧʦʣʫʯʝʥʥʳʭ ʦʪ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ 

ʄɼɼ, ʧʦʜʯʝʨʢʠʚʘʶʪ ʦʜʠʥʘʢʦʚʫʶ ʩʢʣʦʥʥʦʩʪʴ ʟʜʦʨʦʚʳʭ ʢʣʝʪʦʢ ʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤʠʦʮʠʪʦʚ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʨʝʟʝʨʚʥʳʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʣʠʧʠʜʥʳʭ ʚʝʟʠʢʫʣ ʚ ʫʩʣʦʚʠʷʭ ʠʟʙʳʪʢʘ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ (Bonsett et al., 1979). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʩʥʠʞʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʠʪʘʪʝʣʴʥʳʭ 

ʚʝʱʝʩʪʚ ʠʥʜʫʮʠʨʦʚʘʣʦ ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʥʘʢʦʧʣʝʥʠʷ ʣʠʧʠʜʦʚ ʚ ʟʜʦʨʦʚʳʭ ʤʠʦʮʠʪʘʭ 

ʚʧʣʦʪʴ ʜʦ ʧʦʣʥʦʛʦ ʠʩʯʝʟʥʦʚʝʥʠʷ ʚʝʟʠʢʫʣ, ʪʦʛʜʘ ʢʘʢ ʤʠʦʮʠʪʳ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, 

ʧʨʦʜʦʣʞʘʣʠ ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʣʠʧʠʜʥʳʝ ʢʘʧʣʠ (Bonsett et al., 1979), ʯʪʦ ʧʦʜʯʝʨʢʠʚʘʝʪ ʩʥʠʞʝʥʠʝ 
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ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʢʣʝʪʦʢ. ʅʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʥʳʭ ʚʝʟʠʢʫʣ ʚ 

ʤʠʦʬʠʙʨʠʣʣʘʭ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʦʞʠʨʝʥʠʝʤ, ʜʠʘʙʝʪʦʤ 2 ʪʠʧʘ, ʘ 

ʪʘʢʞʝ ʜʣʷ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʧʦʞʠʣʳʭ ʧʘʮʠʝʥʪʦʚ (al., 2001; Sinha et al., 2002; Delmonico et al., 

2009), ʯʪʦ ʫʢʘʟʳʚʘʝʪ ʥʘ ʩʨʘʚʥʠʤʫʶ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʜʠʩʬʫʥʢʮʠʶ ʵʪʠʭ ʧʘʪʦʣʦʛʠʡ ʠ ʩʦʩʪʦʷʥʠʡ. 

ɺ ʩʚʦʝʤ ʩʣʝʜʫʶʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʪʘ ʞʝ ʛʨʫʧʧʘ ʧʨʝʜʩʪʘʚʠʣʘ ʜʦʢʘʟʘʪʝʣʴʩʪʚʘ ʪʦʛʦ, ʯʪʦ 

ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʚ ʤʠʦʮʠʪʘʭ ʙʳʣʦ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʠ/ʠʣʠ ʜʝʬʠʮʠʪʦʤ 

ʠʟʦʮʠʪʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ, ʧʦʩʢʦʣʴʢʫ ʜʦʙʘʚʣʝʥʠʝ ʠʟʦʮʠʪʨʘʪʘ ʢ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʤ ʢʣʝʪʢʘʤ 

ʧʨʠʚʦʜʠʣʦ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʣʠʧʠʜʦʚ (Bonsett and Rudman, 1984). 

ʄʝʪʘʙʦʣʠʯʝʩʢʘʷ ʜʠʩʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 

ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʠ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ, ʥʝ ʦʛʨʘʥʠʯʠʚʘʝʪʩʷ ʥʘʨʫʰʝʥʠʝʤ 

ʬʫʥʢʮʠʠ ʠʟʦʮʠʪʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ ʠ ʟʘʪʨʘʛʠʚʘʝʪ ʤʥʦʞʝʩʪʚʦ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ (Timmons et 

al., 2005). ʕʪʦ ʦʩʦʙʝʥʥʦ ʚʳʨʘʞʝʥʦ ʧʨʠ ʦʮʝʥʢʝ ʫʨʦʚʥʷ ɸʊʌ ʚ ʜʠʩʪʨʦʬʠʯʥʳʭ ʤʳʮhʘʭ ï ʚ ʧʦʢʦʝ 

ʦʥʦ ʩʦʩʪʘʚʣʷʝʪ ʣʠʰʴ ʧʦʨʷʜʢʘ 50% ʦʪ ʫʨʦʚʥʷ ɸʊʌ ʚ ʟʜʦʨʦʚʳʭ ʤʳʮhʘʭ (Ronzoni et al., 1958; 

Shuttlewood and Griffiths, 1982; Cole et al., 2002). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʧʦʜʦʙʥʳʝ ʫʨʦʚʥʠ ɸʊʌ 

ʥʝʩʦʚʤʝʩʪʠʤʳ ʩ ʜʦʣʛʦʩʨʦʯʥʳʤ ʚʳʞʠʚʘʥʠʝʤ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ, ʯʪʦ ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ʄɼɼ. ʇʨʠ 

ʵʪʦʤ ʦʙʨʘʟʦʚʘʥʠʝ ʠ ʥʘʢʦʧʣʝʥʠʝ ʣʠʧʠʜʦʚ ʚ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʮhʘʭ, ʧʦ-ʚʠʜʠʤʦʤʫ, 

ʩʚʷʟʘʥʦ ʩ ʚʥʫʪʨʝʥʥʠʤʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʢʦʪʦʨʳʝ ʦʛʨʘʥʠʯʠʚʘʪʁ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʚ ʢʣʝʪʦʯʥʫʶ ʵʥʝʨʛʠʶ ʚ ʬʦʨʤʝ ɸʊʌ (Timpani et al., 2015). 

ʀʟʚʝʩʪʥʦ ʦ ʤʥʦʞʝʩʪʚʝ ʦʪʜʝʣʴʥʳʭ ʥʘʨʫʰʝʥʠʡ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʷʭ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʤʳʮh ʢʘʢ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʪʘʢ ʠ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ, ʢʦʪʦʨʳʝ 

ʩʢʣʘʜʳʚʘʶʪʩʷ ʚ ʦʙʱʝʝ ʥʘʨʫʰʝʥʠʝ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚʳʷʚʣʝʥʦ 

ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʛʣʠʢʦʣʠʟʘ (Dreyfus et al., 1954; Hess, 1965; Di Mauro et al., 

1967; Chi et al., 1987; Chinet et al., 1994), ʮʠʢʣʘ ʧʫʨʠʥʦʚʳʭ ʥʫʢʣʝʦʠʜʦʚ (Bonsett and Rudman, 

1984; van Bennekom et al., 1984; Ge et al., 2003), ʬʝʨʤʝʥʪʦʚ ʮʠʢʣʘ ʂʨʝʙʩʘ (Chinet et al., 1994) 

ʢʦʤʧʣʝʢʩʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ (Glesby et al., 1988; Kuznetsov et al., 1998; Rybalka 

et al., 2014; Hughes et al., 2019). ʅʘʠʙʦʣʝʝ ʚʳʨʘʞʝʥʥʳʝ ʜʝʬʝʢʪʳ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʷʭ ʠ 

ʢʘʪʘʣʠʟʠʨʫʶʱʠʭ ʠʭ ʬʝʨʤʝʥʪʘʭ ʧʨʠʚʝʜʝʥʳ ʚ ʪʘʙʣʠʮʝ 1. 

ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ ʤʥʦʛʦʛʨʘʥʥʦʩʪʠ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ 

ʨʝʛʫʣʷʮʠʠ ʤʝʪʘʙʦʣʠʟʤʘ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʮʝʥʪʨʘʣʴʥʳʤʠ ʠ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʫʞʝ ʦʜʥʦ 

ʨʘʟʦʨʚʘʥʥʦʝ ʟʚʝʥʦ ʚ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʮʝʧʠ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪʴ ʜʨʘʤʘʪʠʯʝʩʢʠʝ ʧʦʩʣʝʜʩʪʚʠʷ ʥʘ 

ʥʝʩʢʦʣʴʢʠʭ ʫʨʦʚʥʷʭ, ʪʘʢ ʠʣʠ ʠʥʘʯʝ ʦʭʚʘʪʳʚʘʶʱʠʭ ʚʩʶ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ ʩʠʩʪʝʤʫ, ʧʦʵʪʦʤʫ 

ʪʦʯʥʦʝ ʦʧʨʝʜʝʣʝʥʠʝ ʜʝʬʝʢʪʘ, ʣʝʞʘʱʝʛʦ ʚ ʦʩʥʦʚʝ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʥʘʨʫʰʝʥʠʡ ʧʨʠ ʄɼɼ, 

ʷʚʣʷʝʪʩʷ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝʚʦʟʤʦʞʥʳʤ. ʆʜʥʦ ʠʟ ʥʘʠʙʦʣʝʝ ʦʯʝʚʠʜʥʳʭ ʬʠʟʠʯʝʩʢʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ 

ʤʝʞʜʫ ʜʠʩʪʨʦʬʠʥʦʤ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʠʤʠ ʧʫʪʷʤʠ ʨʝʘʣʠʟʫʝʪʩʷ ʯʝʨʝʟ nNOS. 
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ʊʘʙʣʠʮʘ 1 ï ʅʘʨʫʰʝʥʠʷ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʧʨʠ ʄɼɼ 

ʄʝʪʘʙʦʣʠʯʝʩʢʠʡ ʧʫʪʴ ʅʘʨʫʰʝʥʠʝ ʆʙʲʝʢʪ ʠʩʩʣʝʜʦʚʘʥʠʷ ʉʩʳʣʢʘ 

ʇʦʛʣʦʱʝʥʠʝ 

ʧʠʪʘʪʝʣʴʥʳʭ ʚʝʱʝʩʪʚ 

ʅʦʨʤʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

ʛʣʶʢʦʟʳ, ʥʦ ʩʥʠʞʝʥʠʝ 

ʩʦʜʝʨʞʘʥʠʷ ʛʣʶʢʦʟʳ 

ʇʘʮʠʝʥʪʳ ʠ mdx-

ʤʳʠh 

Hankard et al., 1998; 

Sharma et al., 2003 

ʉʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʘ ʠ ʫʨʦʚʥʷ ʙʝʣʢʘ 

GLUT4 ʚ ʜʠʘʬʨʘʛʤʝ 

mdx-ʤʳʠh Olichon-Berthe et al., 

1993 

ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʩʫʙʩʪʨʘʪʦʚ 

ʛʣʶʢʦʥʝʦʛʝʥʝʟʘ 

(ʘʣʘʥʠʥʘ ʠ ʛʣʶʪʘʤʠʥʘ) 

ʇʘʮʠʝʥʪʳ Hankard et al., 1998; 

Sharma et al., 2003 

ʋʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ 

ʬʨʫʢʪʦʟʳ 

ʇʘʮʠʝʥʪʳ Ellis and Strickland, 

1972 

ɻʣʠʢʦʣʠʟ ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʛʣʶʢʦʟʦ-6-ʬʦʩʬʘʪʘ 

ʇʘʮʠʝʥʪʳ Hess, 1965 

ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʬʦʩʬʦʬʨʫʢʪʦʢʠʥʘʟʳ; 

ʩʥʠʞʝʥʠʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʢ 

ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʤʫ 

ʨʝʛʫʣʠʨʦʚʘʥʠʶ 

ʇʘʮʠʝʥʪʳ ʠ mdx-

ʤʳʠh 

Hess, 1965; Di Mauro 

et al., 1967; Chi et al., 

1987; Wehling-

Henricks et al., 2009 

ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʘʣʴʜʦʣʘʟʳ 

ʇʘʮʠʝʥʪʳ Dreyfus et al., 1954; 

Hess, 1965 

ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʧʠʨʫʚʘʪʢʠʥʘʟʳ 

ʇʘʮʠʝʥʪʳ Chi et al., 1987 

ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ 

ʇʘʮʠʝʥʪʳ Hess, 1965; Di Mauro 

et al., 1967 

ʉʠʥʪʝʟ ʠ ʨʘʩʧʘʜ 

ʛʣʠʢʦʛʝʥʘ 

ʋʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ 

ʛʣʠʢʦʛʝʥʘ 

ʇʘʮʠʝʥʪʳ ʠ mdx-

ʤʳʠh 

Watkins and Cullen, 

1987; Cullen and 

Jaros, 1988 

ʉʥʠʞʝʥʠʝ 

ʬʦʩʬʦʨʠʣʘʟʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ 

ʇʘʮʠʝʥʪʳ ʠ mdx-

ʤʳʠh 

Dreyfus et al., 1954; 

Hess, 1965; Di Mauro 

et al., 1967; Chi et al., 

1987 

ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʬʦʩʬʦʛʣʶʢʦʤʫʪʘʟʳ 

ʇʘʮʠʝʥʪʳ ʠ mdx-

ʤʳʠh 

Chi et al., 1987 

ʆʢʠʩʣʝʥʠʝ ʞʠʨʦʚ ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ɓ-

ʦʢʠʩʣʝʥʠʷ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ  

ʇʘʮʠʝʥʪʳ Shumate et al., 1982 

ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʢʘʨʥʠʪʠʥʘ 

ʇʘʮʠʝʥʪʳ Shumate et al., 1982 

ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʘ ʞʠʨʥʳʭ 

ʢʠʩʣʦʪ ʚ ʤʠʪʦʭʦʥʜʨʠʠ 

ʇʘʮʠʝʥʪʳ Le Borgne et al., 2012 

ʌʦʩʬʘʛʝʥʥʘʷ ʩʠʩʪʝʤʘ ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʢʨʝʘʪʠʥʬʦʩʬʘʪʘ 

ʇʘʮʠʝʥʪʳ ʠ mdx-

ʤʳʠh 

Ronzoni et al., 1958; 

Pulido et al., 1998 

ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʢʨʝʘʪʠʥʘ 

ʇʘʮʠʝʥʪʳ ʠ mdx-

ʤʳʠh 

Ronzoni et al., 1958; 

Martins-Bach et al., 
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2012 

ʋʚʝʣʠʯʝʥʠʝ ʵʢʩʢʨʝʮʠʠ 

ʢʨʝʘʪʠʥʘ 

ʇʘʮʠʝʥʪʳ Benedict et al., 1955 

ʎʠʢʣ ʧʫʨʠʥʦʚʳʭ 

ʥʫʢʣʝʦʪʠʜʦʚ 

ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ 

ʠʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪʘ 

ʇʘʮʠʝʥʪʳ Camina et al., 1995 

ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʠ 

ʘʢʪʠʚʥʦʩʪʠ 

ʘʜʝʥʠʣʘʪʢʠʥʘʟʳ 

mdx-ʤʳʠh Ge et al., 2003 

ʋʚʝʣʠʯʝʥʠʝ ʵʢʩʢʨʝʮʠʠ 

ʤʦʯʝʚʦʡ ʢʠʩʣʦʪʳ 

ʇʘʮʠʝʥʪʳ Camina et al., 1995 

ʂʘʢ ʦʧʠʩʘʥʦ ʚʳʰʝ, ʜʝʬʠʮʠʪ ʜʠʩʪʨʦʬʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʣʦʢʘʣʠʟʘʮʠʠ nNOS (Li  

et al., 2011). ɺ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ nNOS ʛʝʥʝʨʠʨʫʝʪ NO, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʦʡ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ ʩʠʛʥʘʣʴʥʦʡ ʤʦʣʝʢʫʣʦʡ, ʦʙʣʘʜʘʶʱʝʡ ʚʳʨʘʞʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʨʝʛʫʣʠʨʦʚʘʪʴ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʚʣʠʷʶʱʝʡ ʥʘ ʩʦʢʨʘʱʝʥʠʝ, ʢʨʦʚʦʪʦʢ ʠ ʧʦʛʣʦʱʝʥʠʝ 

ʛʣʶʢʦʟʳ (Leary et al., 1998; Thomas et al., 1998). nNOS ʩʫʱʝʩʪʚʫʝʪ ʚ ʮʠʪʦʟʦʣʝ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʚ ʥʝʩʚʷʟʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʜʝʛʨʘʜʘʮʠʠ ʢʘʣʴʧʘʠʥʦʚʳʤʠ ʧʨʦʪʝʘʟʘʤʠ. ʕʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 25-ʢʨʘʪʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʘʢʪʠʚʥʦʩʪʠ nNOS (Li  et al., 2011). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʤʈʅʂ nNOS ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ 

ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʠ mdx-ʤʳʝhʡ ʪʘʢʞʝ ʩʥʠʞʝʥ (Leary et al., 1998; Thomas et al., 

1998; Judge et l., 2006). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʵʥʜʦʛʝʥʥʘʷ ʧʨʦʜʫʢʮʠʷ NO ʚ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤʳʮhʘʭ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʝʥʘ (Barton et al., 2005). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ NO, ʛʝʥʝʨʠʨʫʝʤʳʡ 

nNOS, ʠʛʨʘʝʪ ʢʣʶʯʝʚʫʶ ʨʦʣʴ ʚ ʦʙʣʝʛʯʝʥʠʠ ʧʦʛʣʦʱʝʥʠʷ ʛʣʶʢʦʟʳ ʧʫʪʝʤ ʩʪʠʤʫʣʷʮʠʠ ʛʣʶʢʦʟʥʦʛʦ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʪʠʧʘ 4 (GLUT4) ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ (Balon and Nadler, 1997) ʠ ʚʦ ʚʨʝʤʷ 

ʩʦʢʨʘʱʝʥʠʷ (Bradley et al., 1999). ʅʝʩʤʦʪʨʷ ʥʘ ʩʥʠʞʝʥʠʝ nNOS ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ mdx-

ʤʳʝhʡ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʛʣʦʱʝʥʠʝ ʛʣʶʢʦʟʳ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʵʢʚʠʚʘʣʝʥʪʥʦ ʪʘʢʦʚʦʤʫ ʚ 

ʤʳʮhʘʭ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ (Even et al., 1994), ʧʨʠ ʵʪʦʤ ʵʢʩʧʨʝʩʩʠʷ GLUT4 ʫ ʤʦʣʦʜʳʭ mdx-

ʞʠʚʦʪʥʳʭ ʪʘʢʞʝ ʥʝ ʦʪʣʠʯʘʣʘʩʴ ʦʪ ʢʦʥʪʨʦʣʷ (Olichon-Berthe et al., 1993; Raith et al., 2013). 

ʆʜʥʘʢʦ ʩʦʜʝʨʞʘʥʠʝ ʙʝʣʢʘ GLUT4 ʠ ʫʨʦʚʝʥʴ ʢʦʜʠʨʫʶʱʝʛʦ ʝʛʦ ʛʝʥʘ ʩʥʠʞʘʣʠʩʴ ʚ ʜʠʘʬʨʘʛʤʝ 

ʩʪʘʨʳʭ mdx-ʤʳʝhʡ (Olichon-Berthe et al., 1993), ʯʪʦ ʚʘʞʥʦ ʩ ʢʣʠʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ, 

ʧʦʩʢʦʣʴʢʫ ʜʠʘʬʨʘʛʤʘ ʵʪʠʭ ʞʠʚʦʪʥʳʭ ʷʚʣʷʝʪʩʷ ʝʜʠʥʩʪʚʝʥʥʦʡ ʤʳʮhʝʡ, ʢʦʪʦʨʘʷ ʧʦʜʚʝʨʛʘʝʪʩʷ 

ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʤʫ ʜʝʛʝʥʝʨʘʪʠʚʥʦʤʫ ʠʩʪʦʱʝʥʠʶ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʚʩʝʡ ʞʠʟʥʠ (Stedman et al., 

1991). ʉʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʤʈʅʂ ʫ ʩʪʘʨʳʭ mdx-ʤʳʝhʡ ʧʨʝʜʧʦʣʘʛʘʝʪ, ʯʪʦ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ 

ʟʘʙʦʣʝʚʘʥʠʷ ʤʦʞʝʪ ʚʣʠʷʪʴ ʥʘ ʵʢʩʧʨʝʩʩʠʶ ʙʝʣʢʘ GLUT4 ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ 

ʜʦʩʪʘʚʣʷʪʴ ʛʣʶʢʦʟʫ ʚ ʤʳʝhʯʥʳʝ ʚʦʣʦʢʥʘ ʚ ʢʦʣʠʯʝʩʪʚʝ, ʜʦʩʪʘʪʦʯʥʦʤ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʛʝʥʝʨʘʮʠʠ ʵʥʝʨʛʠʠ. nNOS ʪʘʢʞʝ ʷʚʣʷʝʪʩʷ ʨʝʛʫʣʷʪʦʨʦʤ ʢʣʶʯʝʚʦʛʦ ʣʠʤʠʪʠʨʫʶʱʝʛʦ ʬʝʨʤʝʥʪʘ 

ʛʣʠʢʦʣʠʟʘ, ʬʦʩʬʦʬʨʫʢʪʦʢʠʥʘʟʳ (ʌʌʂ), ʧʨʠ ʵʪʦʤ ʵʬʬʝʢʪ ʥʝ ʩʚʷʟʘʥ ʩ ʜʝʡʩʪʚʠʝʤ NO (Wehling-

Henricks et al., 2009). ʉʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʌʌʂ ʥʘʙʣʶʜʘʝʪʩʷ ʢʘʢ ʚ ʤʳʮhʘʭ ʧʘʮʠʝʥʪʦʚ, 
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ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʪʘʢ ʠ ʚ ʤʳʮhʘʭ mdx-ʤʳʝhʡ (Wehling-Henricks et al., 2009), ʠ ʵʪʦ, ʧʦ-

ʚʠʜʠʤʦʤʫ, ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʤʝʪʘʙʦʣʠʟʤʘ ʢʘʢ ʛʣʠʢʦʛʝʥʘ, ʪʘʢ ʠ ʛʣʶʢʦʟʳ 

(Kotelnikova et al., 2012). ɺ ʟʜʦʨʦʚʦʡ ʤʳʮhʝ ʌʌʂ ʣʦʢʘʣʠʟʫʝʪʩʷ ʚ ʩʘʨʢʦʣʝʤʤʝ ʩʦʚʤʝʩʪʥʦ ʩ 

nNOS, ʠ ʝʝ ʘʢʪʠʚʥʦʩʪʴ ʠʥʛʠʙʠʨʫʝʪʩʷ ʚʳʩʦʢʠʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ɸʊʌ ʠ ʘʢʪʠʚʠʨʫʝʪʩʷ ɸɼʌ ʠ 

ʜʨʫʛʠʤʠ ʧʦʙʦʯʥʳʤʠ ʧʨʦʜʫʢʪʘʤʠ ʛʠʜʨʦʣʠʟʘ ɸʊʌ (Wegener and Krause, 2002). ʇʦʩʢʦʣʴʢʫ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ɸʊʌ ʩʥʠʞʝʥʘ ʚ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʮhʘʭ, ʘʢʪʠʚʥʦʩʪʴ ʌʌʂ ʜʦʣʞʥʘ, ʧʦ 

ʣʦʛʠʢʝ, ʫʚʝʣʠʯʠʚʘʪʴʩʷ, ʯʪʦʙʳ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʠʥʪʝʟʫ ɸʊʌ ʠ ʧʦʜʜʝʨʞʘʥʠʶ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʙʘʣʘʥʩʘ. ʆʜʥʘʢʦ ʤʳʮhʳ mdx-ʤʳʝhʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʠʟʤʝʥʝʥʠʝ ʘʣʣʦʩʪʝʨʠʯʝʩʢʦʡ ʨʝʛʫʣʷʮʠʠ 

ʌʌʂ (Wehling-Henricks et al., 2009), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʵʪʦʪ ʬʝʨʤʝʥʪ ʥʝ ʤʦʞʝʪ 

ʘʜʝʢʚʘʪʥʦ ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʥʦʨʤʘʣʴʥʳʝ ʩʪʠʤʫʣʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʥʦʨʤʘʣʴʥʦʝ 

ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʢʘʢ ʨʘʩʪʚʦʨʝʥʥʦʡ, ʪʘʢ ʠ ʩʚʷʟʘʥʥʦʡ ʩ ʮʠʪʦʩʢʝʣʝʪʦʤ ʬʨʘʢʮʠʠ ʌʌʂ, ʝʝ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʢ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ ʨʝʛʫʣʷʪʦʨʘʤ ʩʥʠʞʝʥʘ (Lilling  and Beitner, 1991). ʕʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ ʠʟʤʝʥʝʥʠʝ ʩʚʦʡʩʪʚ ʌʌʂ ʠ/ʠʣʠ ʠʭ ʤʦʜʫʣʷʮʠʶ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ 

ʩʥʠʞʘʝʪ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʘ ʠ, ʚʝʨʦʷʪʥʦ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʱʝʡ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʜʠʩʬʫʥʢʮʠʠ ʚ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʦʡ ʤʳʮhʝ. ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʵʢʟʦʛʝʥʥʦʛʦ nNOS ʚ 

ʩʢʝʣʝʪʥʳʝ ʤʳʮhʳ mdx-ʤʳʝhʡ ʧʨʠʚʝʣʦ ʢ ʥʝʢʦʪʦʨʦʤʫ ʫʣʫʯʰʝʥʠ ʁ ʤʝʪʘʙʦʣʠʟʤʘ ʛʣʶʢʦʟʳ ʠ 

ʛʣʠʢʦʛʝʥʘ ʥʘʨʷʜʫ ʩ ʫʤʝʥʴʰʝʥʠʝʤ ʜʝʛʨʘʜʘʮʠʠ ʤʝʤʙʨʘʥ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ (Wehling et 

al., 2001; Wehling-Henricks et al., 2009). ɸʚʪʦʨʘʤʠ ʧʨʝʜʧʦʣʦʞʝʥʦ, ʯʪʦ ʵʬʬʝʢʪ nNOS ʚ ʵʪʦʤ 

ʩʣʫʯʘʝ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥ ʩ ʧʦʣʦʞʠʪʝʣʴʥʳʤ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠʤ ʚʣʠʷʥʠʝʤ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʌʌʂ (Wehling-Henricks et al., 2009). ʉʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʠ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ nNOS ʭʦʨʦʰʦ 

ʦʙʲʷʩʥʷʝʪ ʚʳʨʘʞʝʥʥʦʝ ʧʦʜʘʚʣʝʥʠʝ ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʭ ʠ ʛʣʠʢʦʛʝʥʦʣʠʪʠʯʝʩʢʠʭ ʧʫʪʝʡ, 

ʥʘʙʣʶʜʘʝʤʦʝ ʚ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʮhʘʭ, ʦʜʥʘʢʦ ʚʣʠʷʥʠʝ ʜʠʩʬʫʥʢʮʠʠ nNOS ʥʘ 

ʧʦʩʣʝʜʫʶʱʫʶ ʦʢʠʩʣʠʪʝʣʴʥʫʶ ʧʨʦʜʫʢʮʠʶ ɸʊʌ ʥʝ ʪʘʢ ʦʯʝʚʠʜʥʦ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ 

ʥʘʨʫʰʝʥʠʝ ʛʣʠʢʦʣʠʟʘ ʜʦʣʞʥʦ ʚʪʦʨʠʯʥʦ ʚʳʟʳʚʘʪ ɹʫʛʥʝʪʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʩʥʠʞʝʥʠʷ ʢʦʣʠʯʝʩʪʚʘ ʧʠʨʫʚʘʪʘ, ʧʦʩʪʫʧʘʶʱʝʛʦ ʠʟ ʧʫʪʠ ʛʣʠʢʦʣʠʟʘ. ʕʪʦ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʘʢʪʠʚʘʮʠʠ ʬʘʢʪʦʨʦʚ ʪʨʘʥʩʢʨʠʧʮʠʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʬʝʨʤʝʥʪʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʙʦʣʝʝ ʘʢʪʠʚʥʦʤʫ ʦʢʠʩʣʝʥʠ ʁ ʞʠʨʦʚʳʭ ʩʫʙʩʪʨʘʪʦʚ, ʘ ʪʘʢʞʝ 

ʩʪʠʤʫʣʠʨʦʚʘʪʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʙʠʦʛʝʥʝʟ, ʥʝʦʙʭʦʜʠʤʳʡ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʧʨʦʜʫʢʮʠʠ ɸʊʌ 

ʠ ʢʦʤʧʝʥʩʘʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʜʝʬʝʢʪʦʚ. ʆʜʥʘʢʦ, ʢʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʪʘʙʣʠʮʳ 1, ʚ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʮhʘʭ ʪʘʢʦʛʦ ʢʦʤʧʝʥʩʘʪʦʨʥʦʛʦ ʤʝʭʘʥʠʟʤʘ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ, ʯʪʦ 

ʫʢʘʟʳʚʘʝʪ ʥʘ ʨʘʟʚʠʪʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʜʠʩʬʫʥʢʮʠʠ ʥʘ ʫʨʦʚʥʝ ʤʠʪʦʭʦʥʜʨʠʡ. 

1.3.2. ʈʦʣʴ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʨʘʟʚʠʪʠʠ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʌʫʥʜʘʤʝʥʪʘʣʴʥʘʷ ʨʦʣʴ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʢʣʝʪʢʝ ʠ ʦʨʛʘʥʠʟʤʝ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʩʠʥʪʝʟʝ ɸʊʌ, 

ʧʦʵʪʦʤʫ ʵʪʠ ʦʨʛʘʥʝʣʣʳ ʩʯʠʪʘʶʪʩʷ ʦʩʥʦʚʥʳʤʠ ʨʝʛʫʣʷʪʦʨʘʤʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʛʦʤʝʦʩʪʘʟʘ. ʂʨʦʤʝ 
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ʪʦʛʦ, ʤʠʪʦʭʦʥʜʨʠʠ ʫʯʘʩʪʚʫʶʪ ʚ ʛʝʥʝʨʘʮʠʠ ɸʌʂ ʠ ʨʝʛʫʣʷʮʠʠ ʩʠʛʥʘʣʦʚ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ. 

ʂʘʣʴʮʠʝʚʘʷ ʧʝʨʝʛʨʫʟʢʘ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʥʘʢʦʧʣʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ɸʌʂ ʠ ɸʌɸ 

ʦʢʘʟʳʚʘʪʁ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʫʥʢʮʠʶ ʵʪʠʭ ʦʨʛʘʥʝʣʣ. ʇʨʠ ʵʪʦʤ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ 

ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʠʩʧʦʩʦʙʣʝʥʳ ʦʪʚʝʯʘʪʴ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ ʠʟʤʝʥʝʥʠʷ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʙʘʣʘʥʩʘ 

ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ ʛʦʤʝʦʩʪʘʟʘ, ʥʦ ʢʘʢ ʪʦʣʴʢʦ ʤʝʪʘʙʦʣʠʯʝʩʢʦʝ ʥʘʨʫʰʝʥʠʝ ʧʨʝʚʳʰʘʝʪ 

ʘʜʘʧʪʘʮʠʦʥʥr ʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʨʛʘʥʝʣʣ, ʚʦʟʥʠʢʘʝʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʜʠʩʬʫʥʢʮʠʷ. ɼʣʠʪʝʣʴʥʳʡ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ ʩʪʨʝʩʩ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʨʘʩʩʝʠʚʘʥʠʝʤ ʤʝʤʙʨʘʥʥʦʛʦ ʧʦʪʝʥʮʠʘʣʘ 

ʤʠʪʦʭʦʥʜʨʠʡ, ʥʘʨʫʰʝʥʠʝʤ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ ʦʨʛʘʥʝʣʣ ʠ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ 

ʠʟ ʥʠʭ ʧʨʦʘʧʦʧʪʦʪʠʯʝʩʢʦʛʦ ʙʝʣʢʘ ʮʠʪʦʭʨʦʤʘ ʩ, ʚʝʜʫʱʠʤ ʢ ʘʢʪʠʚʘʮʠʠ ʢʘʩʧʘʟ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, 

ʠʥʠʮʠʘʮʠʠ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ (Bonora et al., 2022). 

1.3.2.1. ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʆʙʱʝʧʨʠʟʥʘʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʜʠʩʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh, ̫ʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʩʥʠʞʝʥʠʷ (ʜʦ 50%) ʙʘʟʘʣʴʥʦʛʦ 

ʫʨʦʚʥʷ ɸʊʌ ʚ ʪʢʘʥʠ (Ronzoni et al., 1958; Cole et al., 2002; Rybalka et al., 2014). ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, 

ʯʪʦ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ɸʊʌ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʪʢʘʥʝʡ ʤʦʟʛʘ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ (Tracey 

et al., 1995). ʇʨʠ ʄɼɼ ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʭʘʨʘʢʪʝʨʥʦ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ 

ʩʫʙʩʪʨʘʪʦʚ, ʚʢʣʶʯʘʷ ʧʠʨʫʚʘʪ (Chinet et al., 1994), ʤʘʣʘʪ (Glesby et al., 1988; Kuznetsov et al., 

1998; Rybalka et al., 2014) ʠ ʛʣʫʪʘʤʘʪ (ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʛʣʫʪʘʤʘʪʘ ʦʪʤʝʯʝʥʦ ʚ ʜʠʘʬʨʘʛʤʝ 

mdx-ʤʳʝhʡ) (Kuznetsov et al., 1998; Rybalka et al., 2014). ʇʨʠ ʵʪʦʤ ʜʦʙʘʚʣʝʥʠʝ ʩʫʢʮʠʥʘʪʘ 

ʧʨʠʚʦʜʠʪ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʠʣʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʢ ʯʘʩʪʠʯʥʦʤʫ ʚʦʩʩʪʘʥʦʚʣʝʥʠʶ ʩʢʦʨʦʩʪʠ 

ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (Glesby et al., 1988; Chinet et al., 1994). ʕʪʠ ʠ 

ʜʨʫʛʠʝ ʜʘʥʥʳʝ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʤʦʞʝʪ 

ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʫʛʥʝʪʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ I ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʦʨʛʘʥʝʣʣ (Rybalka et 

al., 2014). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʥʝʢʦʪʦʨʳʝ ʬʝʨʤʝʥʪʳ ʮʠʢʣʘ ʂʨʝʙʩʘ ʪʘʢʞʝ 

ʬʫʥʢʮʠʦʥʠʨʫʶʪ ʘʥʦʤʘʣʴʥʦ ʧʨʠ ʄɼɼ, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʫʢʮʠʥʠʣ-ʂʦɸ-ʩʠʥʪʝʪʘʟʘ, ʘʢʦʥʠʪʘʟʘ, 

ʤʘʣʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ ʠ ʠʟʦʮʠʪʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʜʫʢʮʠʠ 

ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʥʘ ʫʨʦʚʥʝ ʮʠʢʣʘ ʂʨʝʙʩʘ (Chen et al., 2000; Dudley et al., 2006; 

Matsumura et al., 2013). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʧʦʩʦʙʥʦʩʪʴ ʩʫʢʮʠʥʘʪʘ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ ʤʦʞʝʪ ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʧʨʷʤʦʡ ʩʪʠʤʫʣʷʮʠʠ 

ʢʦʤʧʣʝʢʩʘ II ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʦʨʛʘʥʝʣʣ. 

ɸʢʪʠʚʥʦʩʪʴ ʨʘʟʣʠʯʥʳʭ ʬʝʨʤʝʥʪʦʚ ʮʠʢʣʘ ʂʨʝʙʩʘ ʨʝʛʫʣʠʨʫʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʥʫʪʨʠʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʉʘ2+. ʊʘʢ, ʧʠʨʫʚʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ, Ŭ-

ʢʝʪʦʛʣʫʪʘʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ ʠ ʠʟʦʮʠʪʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ ʤʦʛʫʪ ʘʣʣʦʩʪʝʨʠʯʝʩʢʠ ʘʢʪʠʚʠʨʦʚʘʪʴʩʷ ʧʦ 

ʤʝʨʝ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ Ca2+ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤ ʤʘʪʨʠʢʩʝ (Gellerich et al., 2010). 
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ʆʙʳʯʥʦ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʛʝʥʝʨʘʮʠʠ ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʵʢʚʠʚʘʣʝʥʪʦʚ ʮʠʢʣʦʤ 

ʂʨʝʙʩʘ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢ ʙʦʣʴʰʝʤʫ ʭʝʤʠʦʩʤʦʪʠʯʝʩʢʦʤʫ ʩʪʠʤʫʣʠʨʦʚʘʥʠʶ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ 

ʠ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʩʢʦʨʦʩʪʠ ʧʨʦʜʫʢʮʠʠ ɸʊʌ ɸʊʌ-ʩʠʥʪʘʟʦʡ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʵʪʠ 

ʬʝʨʤʝʥʪʳ ʜʦʣʞʥʳ ʘʢʪʠʚʥʝʝ ʩʪʠʤʫʣʠʨʦʚʘʪʴʩʷ ʚ ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʤʳʮhʘʭ, ʪʘʢ ʢʘʢ ʫʨʦʚʝʥʴ 

ʩʚʦʙʦʜʥʦʛʦ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʉʘ2+ ʟʥʘʯʠʪʝʣʴʥʦ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʳʰʝ ʢʘʢ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ, ʪʘʢ 

ʠ ʚʦ ʚʨʝʤʷ ʩʦʢʨʘʱʝʥʠʷ (Turner et al., 1988; Hopf et al., 1996). ʆʜʥʘʢʦ ʜʘʥʥʳʝ ʣʠʪʝʨʘʪʫʨʳ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʪʁ ʦ ʪʦʤ, ʯʪʦ ʥʦʨʤʘʣʴʥʘʷ ʩʪʠʤʫʣʷʮʠʷ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʚ ʫʩʣʦʚʠʷʭ ʧʦʚʳʰʝʥʥʦʛʦ 

ʫʨʦʚʥʷ Ca2+, ʧʦ-ʚʠʜʠʤʦʤʫ, ʦʪʩʫʪʩʪʚʫʝʪ ʚ ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʤʳʮhʘʭ, ʦ ʯʝʤ ʛʦʚʦʨʠʪ ʩʥʠʞʝʥʠʝ 

ʘʢʪʠʚʥʦʩʪʠ ʠʟʦʮʠʪʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (Dudley et al., 1996). ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʝʩʣʠ 

ʠʟʦʮʠʪʨʘʪʜʝʛʠʜʨʦʛʝʥʘʟʘ ʥʝ ʘʢʪʠʚʠʨʫʝʪʩʷ ʚ ʦʪʚʝʪ ʥʘ ʚʳʩʦʢʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ Ca2+, ʥʘʙʣʶʜʘʝʤʫ  ʁ

ʧʨʠ ʄɼɼ, ʪʦ, ʚʦʟʤʦʞʥʦ, ʜʨʫʛʠʝ Ca2+-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʬʝʨʤʝʥʪʳ ʪʘʢʞʝ ʥʝ ʩʧʦʩʦʙʥʳ ʢʦʨʨʝʢʪʥʦ 

ʨʝʘʛʠʨʦʚʘʪʴ ʥʘ ʫʨʦʚʝʥʴ ʠʦʥʘ. ʉʣʝʜʩʪʚʠʝʤ ʵʪʦʛʦ ʷʚʣʷʝʪʩʷ ʥʝʜʦʩʪʘʪʦʯʥʦʝ ʧʨʦʠʟʚʦʜʩʪʚʦ ɸʊʌ ʠ 

ʩʥʠʞʝʥʠʝ ʩʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʝʣʣ ʙʫʬʝʨʠʟʦʚʘʪʴ ʉʘ2+ ʚ ʤʘʪʨʠʢʩʝ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ 

ʫʨʦʚʥʷ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʠʤʫʣʘ, ʧʨʝʜʩʪʘʚʣʝʥʥʦʛʦ ʉʘ2+, ʚ ʤʠʦʧʣʘʟʤʝ ʤʳʮh (Pauly et al., 2012).  

ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʦʚ 

ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥʦ ʫʛʥʝʪʝʥʠʝʤ ʪʨʘʥʩʧʦʨʪʘ ʵʣʝʢʪʨʦʥʦʚ ʧʦ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʣʷ ʧʝʨʤʝʘʙʠʣʠʟʦʚʘʥʥʳʭ ʩʘʧʦʥʠʥʦʤ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ mdx-ʤʳʝhʡ 

ʭʘʨʘʢʪʝʨʥʦ ʧʦʯʪʠ 50% ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ɸɼʌ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʜʳʭʘʥʠʷ ʠ ʵʪʦʪ ʵʬʬʝʢʪ ʥʝ 

ʟʘʚʠʩʝʣ ʦʪ ʠʩʧʦʣʴʟʫʝʤʦʛʦ ʩʫʙʩʪʨʘʪʘ (Kuznetsov et al., 1998). ɹʦʣʝʝ ʪʦʛʦ, ʤʠʪʦʭʦʥʜʨʠʠ, 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʠʟ ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 

ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʪʨʘʞʘʶʱʝʛʦ ʩʦʧʨʷʞʝʥʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʥʘ 60% 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʟʜʦʨʦʚʳʭ ʞʠʚʦʪʥʳʭ (Kuznetsov et al., 1998; Percival et al., 2013). 

ɸʥʘʣʦʛʠʯʥʘʷ ʢʘʨʪʠʥʘ ʦʧʠʩʘʥʘ ʠ ʜʣʷ ʙʠʦʧʪʘʪʦʚ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ (Kuznetsov et al., 

1998). ʂʨʦʤʝ ʪʦʛʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʟʘʙʦʣʝʚʘʥʠʷ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʘʣʴʥʝʡʰʠʤ 

ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ɸɼʌ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʧʦʪʨʝʙʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ (Faist et al., 2001), ʘ ʪʘʢʞʝ 

ʩʢʦʨʦʩʪʠ ʜʳʭʘʥʠʷ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʦʩʪʦʷʥʠʝ 2) (Onopiuk et al., 2009). 

ʊʘʢʦʡ ʵʬʬʝʢʪ ʤʦʞʥʦ ʦʙʲʷʩʥʠʪʴ ʩʥʠʞʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʬʝʨʤʝʥʪʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ 

ʤʠʪʦʭʦʥʜʨʠʡ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʚ ʪʢʘʥʠ ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʮhʳ ʙʝʜʨʘ mdx-ʤʳʝhʡ ʦʙʥʘʨʫʞʝʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʅɸɼʅ-ʮʠʪʦʭʨʦʤ ʩ-ʨʝʜʫʢʪʘʟʳ, ʩʫʢʮʠʥʘʪ-ʮʠʪʦʭʨʦʤ ʩ-

ʨʝʜʫʢʪʘʟʳ ʠ ʮʠʪʦʭʨʦʤ ʩ-ʦʢʩʠʜʘʟʳ, ʢʦʪʦʨʦʝ ʜʦʩʪʠʛʘʣʦ 50% ʦʪ ʪʘʢʦʚʦʡ ʚ ʥʦʨʤʘʣʴʥʳʭ ʤʳʝhʯʥʳʭ 

ʚʦʣʦʢʥʘʭ (Kuznetsov et al., 1998). ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʚʳʷʚʣʝʥʦ 20ï35% ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ 

ʢʦʤʧʣʝʢʩʦʚ I, II ʠ IV ʚ ʧʝʨʝʜʥʝʡ ʙʦʣʴʰʝʙʝʨʮʦʚʦʡ ʤʳʮhʝ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʢʘʢ ʚ ʜʣʠʥʥʦʤ ʨʘʟʛʠʙʘʪʝʣʝ ʧʘʣʴʮʝʚ, ʦʪʥʦʩʷʱʝʤʩʷ ʢ ʙʳʩʪʨʳʤ ʤʳʮhʘʤ, ʪʘʢ ʠ ʚ 

ʤʝʜʣʝʥʥʦʡ ʢʘʤʙʘʣʦʚʠʜʥʦʡ ʤʳʮhʝ mdx-ʤʳʝhʡ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ 

ʅɸɼʅ (Jahnke et al., 2012), ʧʨʠ ʵʪʦʤ ʤʠʦʙʣʘʩʪʳ mdx-ʤʳʝhʡ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ 
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ʫʨʦʚʥʷ ʙʝʣʢʘ ʢʦʤʧʣʝʢʩʦʚ III ʠ V (Onopiuk et al., 2009). ʊʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʩʫʙʲʝʜʠʥʠʮʳ ʢʦʤʧʣʝʢʩʦʚ I, II, III ʠ IV, ʚ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʤʳʮhʘʭ (Chen et al., 2000). ʆʪʤʝʯʘʝʪʩʷ, ʯʪʦ ʚʩʝ ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʪʦʤʫ, ʯʪʦ 

ʤʘʢʩʠʤʘʣʴʥʘʷ ʩʢʦʨʦʩʪʴ ʩʠʥʪʝʟʘ ɸʊʌ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh, ʜʦʩʪʠʛʘʝʪ ʣʠʰʴ 25% ʦʪ ʪʘʢʦʚʦʡ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʟʜʦʨʦʚʳʭ ʤʳʮh (Percival et 

al., 2013; Rybalka et al., 2014). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʦʜʦʙʥʦʝ ʩʥʠʞʝʥʠʝ ʧʦʪʨʝʙʣʝʥʠʷ 

ʢʠʩʣʦʨʦʜʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʪʢʘʥʷʭ ʤʦʟʛʘ mdx-ʤʳʝhʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʚ ʨʘʟʣʠʯʥʳʭ ʦʪʜʝʣʘʭ 

ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ ʦʪʤʝʯʝʥʦ ʩʥʠʞʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ I ʠ IV (Tuon et al., 2010). ʕʪʦ 

ʷʚʣʷʝʪʩʷ ʜʝʤʦʥʩʪʨʘʮʠʝʡ ʪʦʛʦ, ʯʪʦ ʪʢʘʥʠ ʛʦʣʦʚʥʦʛʦ ʤʦʟʛʘ, ʥʝ ʧʨʠʥʠʤʘʶʱʝʛʦ ʘʢʪʠʚʥʦʝ ʫʯʘʩʪʠʝ ʚ 

ʧʘʪʦʛʝʥʝʟʝ ʟʘʙʦʣʝʚʘʥʠʷ, ʪʘʢʞʝ, ʧʦʜʦʙʥʦ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʥʘʨʫʰʝʥʠʝʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ.  

1.3.2.2. ʅʘʨʫʰʝʥʠʝ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ 

ɼʶʰʝʥʥʘ 

ʇʨʠ ʄɼɼ ʪʘʢʞʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦʝ ʥʘʨʫʰʝʥʠʝ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʤʠʪʦʭʦʥʜʨʠʡ ʠ 

ʠʭ ʣʦʢʘʣʠʟʘʮʠʠ ʚ ʤʳʮhʝ (Timpani et al., 2015). ɺ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʚʳʜʝʣʷʶʪ ʜʚʘ ʦʩʥʦʚʥʳʭ 

ʧʫʣʘ ʤʠʪʦʭʦʥʜʨʠʡ. ʇʝʨʚʳʡ ʠʟ ʥʠʭ ʧʨʝʜʩʪʘʚʣʝʥ ʦʨʛʘʥʝʣʣʘʤʠ, ʨʘʩʧʦʣʦʞʝʥʥʳʤʠ ʧʦʜ 

ʩʘʨʢʦʣʝʤʤʦʡ ʚ I-ʜʠʩʢʝ ʠ ʧʦʵʪʦʤʫ ʥʘʟʳʚʘʝʤʳʤʠ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʳʤʠ. ɺʪʦʨʦʡ ʧʫʣ ʥʘʭʦʜʠʪʩʷ ʚ 

ʤʝʞʤʠʦʬʠʙʨʠʣʣʷʨʥʦʤ ʧʨʦʩʪʨʘʥʩʪʚʝ ʩʦʢʨʘʪʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʤʳʮh, ʠ ʪʘʢʠʝ ʤʠʪʦʭʦʥʜʨʠʠ 

ʧʦʣʫʯʠʣʠ ʥʘʟʚʘʥʠʝ ʤʝʞʤʠʦʬʠʙʨʠʣʣʷʨʥʳʭ (Hood, 2001). ʉʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ 

ʩʦʩʪʘʚʣʷʶʪ 10ï15% ʦʪ ʚʩʝʛʦ ʧʫʣʘ ʦʨʛʘʥʝʣʣ ʠ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʛʝʥʝʨʠʨʫʶʪ ɸʊʌ, ʵʥʝʨʛʠʷ 

ʢʦʪʦʨʦʛʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʨʝʛʫʣʷʮʠʠ ʛʦʤʝʦʩʪʘʟʘ Ca2+, ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ, ʦʙʝʩʧʝʯʝʥʠʷ ʬʫʥʢʮʠʠ 

ʤʝʤʙʨʘʥ ʠ ʧʝʨʠʬʝʨʠʯʝʩʢʠ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʷʜʝʨ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʮʠʠ ʤʝʪʘʙʦʣʠʟʤʘ ʛʣʶʢʦʟʳ ʠ 

ʣʠʧʠʜʦʚ (Hood, 2001). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʝʞʤʠʦʬʠʙʨʠʣʣʷʨʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ ʩʦʩʪʘʚʣʷʶʪ ʜʦ 90% 

ʧʫʣʘ, ʠ ʦʥʠ ʦʙʝʩʧʝʯʠʚʘʶʪ ʤʳʝhʯʥʳʝ ʢʣʝʪʢʠ ɸʊʌ, ʥʝʦʙʭʦʜʠʤʳʤ ʜʣʷ ʧʨʦʮʝʩʩʘ ʩʦʢʨʘʱʝʥʠʷ 

ʚʦʣʦʢʥʘ. ʄʝʞʤʠʦʬʠʙʨʠʣʣʷʨʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʳʭ ʦʨʛʘʥʝʣʣ 

ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ ʜʳʭʘʥʠʷ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʦʚʳʰʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʴ  ʁ

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʬʝʨʤʝʥʪʦʚ (Hood, 2001). ʆʙʘ ʧʫʣʘ ʤʠʪʦʭʦʥʜʨʠʡ ʦʙʨʘʟʫʶʪ ʦʙʱʫʶ ʩʝʪɹ, ʚ 

ʧʨʝʜʝʣʘʭ ʢʦʪʦʨʦʡ ʦʥʠ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʦʪʨʝʙʥʦʩʪʝʡ ʪʦʛʦ 

ʠʣʠ ʠʥʦʛʦ ʨʝʛʠʦʥʘ ʤʳʝhʯʥʦʡ ʢʣʝʪʢʠ.  

ɼʣʷ ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ ʭʘʨʘʢʪʝʨʥʦ ʩʥʠʞʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʘʩʩʳ (Godin 

et al., 2012; Jahnke et al., 2012). ʕʪʦ ʧʨʝʞʜʝ ʚʩʝʛʦ ʦʙʫʩʣʦʚʣʝʥʦ ʫʤʝʥʴʰʝʥʠʝʤ ʧʣʦʪʥʦʩʪʠ 

ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʘʢʢʫʤʫʣʷʮʠʝʡ ʤʝʞʤʠʦʬʠʙʨʠʣʣʷʨʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ 

ʚʦʢʨʫʛ ʥʝʢʨʦʪʠʯʝʩʢʠʭ ʠ ʨʝʛʝʥʝʨʠʨʫʶʱʠʭ ʚʦʣʦʢʦʥ ʙʝʟ ʠʟʤʝʥʝʥʠʷ ʦʙʱʝʛʦ ʯʠʩʣʘ ʦʨʛʘʥʝʣʣ 

(Percival et al., 2013). ʊʘʢʘʷ ʢʘʨʪʠʥʘ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦ ʪʦʤ, ʯʪʦ 
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ʩʫʙʩʘʨʢʦʣʝʤʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ ʤʦʛʫʪ ʧʝʨʝʤʝʱʘʪʴʩʷ ʜʣʷ ʚʦʩʧʦʣʥʝʥʠʷ ʠ ʧʦʜʜʝʨʞʢʠ ʧʫʣʘ 

ʤʝʞʤʠʦʬʠʙʨʠʣʣʷʨʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ. ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʵʪʦ ʤʦʞʝʪ ʛʦʚʦʨʠʪʴ ʦ ʚʘʞʥʦʡ 

ʢʘʨʢʘʩʥʦʡ ʨʦʣʠ ʜʠʩʪʨʦʬʠʥʘ, ʧʦʟʚʦʣʷʶʱʝʡ ʣʦʢʘʣʠʟʦʚʘʪʴ ʤʠʪʦʭʦʥʜʨʠʠ ʚ ʧʨʘʚʠʣʴʥʦʤ ʨʝʛʠʦʥʝ 

ʢʣʝʪʢʠ. ɺ ʣʶʙʦʤ ʩʣʫʯʘʝ ʩʥʠʞʝʥʠʝ ʧʫʣʘ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʷʚʣʷʝʪʩʷ 

ʜʨʘʤʘʪʠʯʝʩʢʠʤ ʜʣʷ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʱʮ, ʧʦʩʢʦʣʴʢʫ ʦʥʠ ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ 

ʚ ʛʦʤʝʦʩʪʘʟʝ Ca2+ ʠ ʤʝʪʘʙʦʣʠʟʤʝ ʣʠʧʠʜʦʚ, ʯʪʦ ʤʦʞʝʪ ʯʘʩʪʠʯʥʦ ʦʙʲʷʩʥʠʪʴ ʥʝʩʧʦʩʦʙʥʦʩʪʴ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʦʣʞʥʳʤ ʦʙʨʘʟʦʤ ʩʧʨʘʚʣʷʪʴʩʷ ʩ ʢʘʣʴʮʠʝʚʦʡ ʧʝʨʝʛʨʫʟʢʦʡ, ʘ ʪʘʢʞʝ 

ʜʠʩʬʫʥʢʮʠʶ ɓ-ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ. ʂʨʦʤʝ ʪʦʛʦ, ʙʠʦʧʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʦʪ ʧʘʮʠʝʥʪʦʚ, 

ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʦʧʫʣʷʮʠʠ ʥʘʙʫʭʰʠʭ ʤʠʪʦʭʦʥʜʨʠʡ (Mastaglia 

et al., 1970; Cullen and Fulthorpe, 1975; Watkins and Cullen, 1987), ʠ ʵʪʦ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʟʤʝʥʝʥʠʝʤ ʠʭ ʬʦʨʤʳ ʠ ʧʣʦʪʥʦʩʪʠ ʢʨʠʩʪ (Pearce, 1966). ʅʘʙʫʭʰʠʝ ʤʠʪʦʭʦʥʜʨʠʠ ʪʘʢʞʝ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ mdx-ʤʳʝhʡ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʪʘʢʞʝ ʚʳʨʘʞʝʥʳ 

ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʘʥʦʤʘʣʠʠ ʚ ʩʪʨʫʢʪʫʨʝ ʢʨʠʩʪ ʦʨʛʘʥʝʣʣ (Cullen and Jaros, 1988; Tidball et al., 

1995; Pauly et al., 2012). ʀʥʪʝʨʝʩʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʘʨʭʠʪʝʢʪʫʨʝ, 

ʤʦʨʬʦʣʦʛʠʠ ʠ ʣʦʢʘʣʠʟʘʮʠʠ ʦʨʛʘʥʝʣʣ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʫ ʞʝʥʱʠʥ ï ʥʦʩʠʪʝʣʝʡ ʤʫʪʘʥʪʥʦʛʦ ʛʝʥʘ 

DMD, ʢʣʝʪʢʠ ʢʦʪʦʨʳʭ ʵʢʩʧʨʝʩʩʠʨʫʶʪ ʜʠʩʪʨʦʬʠʥ ʠ ʜʣʷ ʢʦʪʦʨʳʭ ʥʝ ʭʘʨʘʢʪʝʨʥʳ ʧʨʠʟʥʘʢʠ 

ʜʠʩʪʨʦʬʠʥʦʧʘʪʠʠ (Afifi  et al., 1973). ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʙʫʭʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʚʣʠʷʝʪ ʠ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʝʣʣ, ʪʘʢ ʢʘʢ 

ʠʟʤʝʥʝʥʠʝ ʬʦʨʤr ʠ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʢʨʠʩʪ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʙʦʨʢʠ ʩʫʧʝʨʢʦʤʧʣʝʢʩʦʚ 

ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ (Cogliati et al., 2013), ʯʪʦ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ 

ʚʣʠʷʥʠʝ ʥʘ ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʫʶ ʬʫʥʢʮʠʶ. 

1.3.2.3. ʅʘʨʫʰʝʥʠʝ ʩʝʣʝʢʪʠʚʥʦʛʦ ʫʜʘʣʝʥʠʷ ʜʝʬʝʢʪʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ (ʤʠʪʦʬʘʛʠʠ) 

ʧʨʠ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ 

ʜʠʩʬʫʥʢʮʠʷ ʷʚʣʷʝʪʩʷ ʚʘʞʥʦʡ ʦʪʣʠʯʠʪʝʣʴʥʦʡ ʯʝʨʪʦʡ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʮh ʠ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʟʥʘʯʠʪʝʣʴʥʳʡ ʬʘʢʪʦʨ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʡ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ ʧʘʪʦʣʦʛʠʠ. ɺ 

ʟʜʦʨʦʚʦʡ ʪʢʘʥʠ ʧʦʚʨʝʞʜʝʥʥʳʝ ʠ ʜʠʩʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ ʫʜʘʣʷʶʪʩʷ ʧʫʪʝʤ 

ʤʠʪʦʬʘʛʠʠ, ʯʪʦ ʧʨʝʜʦʪʚʨʘʱʘʝʪ ʥʘʢʦʧʣʝʥʠʝ ʜʝʬʝʢʪʥʳʭ ʦʨʛʘʥʝʣʣ ʠ ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ 

ʵʬʬʝʢʪʦʚ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʤʠʪʦʬʘʛʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʘʚʣʝʥʘ ʧʨʠ ʄɼɼ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʤʠʪʦʭʦʥʜʨʠʡ ʩ ʥʘʨʫʰʝʥʥʦʡ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʦʡ ʚ ʤʳʮhʘʭ, 

ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʠʪʦʬʘʛʠʝʡ, ʠ ʫʩʠʣʝʥʠʝ ʛʝʥʝʨʘʮʠʠ ɸʌʂ ʦʨʛʘʥʝʣʣʘʤʠ 

(Reid and Alexander, 2021). ʊʘʢʠʝ ʩʦʝʜʠʥʝʥʠʷ, ʢʘʢ ʨʝʩʚʝʨʘʪʨʦʣ, ʧʦʜʘʚʣʷʶʱʠʝ ʠʣʠ ʩʥʠʞʘʶʱʠʝ 

ʫʨʦʚʥʠ ɸʌʂ, ʩʧʦʩʦʙʥʳ ʫʤʝʥʴʰʘʪʴ ʩʠʤʧʪʦʤ rʄɼɼ ʚ ʤʦʜʝʣʷʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ 

ʟʘ ʩʯʝʪ ʧʦʜʘʚʣʝʥʠʷ ʤʠʪʦʬʘʛʠʠ (Hori et al., 2011; Kuno et al., 2018; Sebori et al., 2018). 
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ʄʠʪʦʬʘʛʠʷ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʧʨʦʮʝʩʩ, ʦʧʦʩʨʝʜʦʚʘʥʥʳʡ ʙʝʣʢʘʤʠ PINK1 (PTEN-

ʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʢʠʥʘʟʘ 1) ʠ Parkin (Lazarou et al., 2015). ɺ ʥʦʨʤʘʣʴʥʳʭ ʤʠʪʦʭʦʥʜʨʠʷʭ PINK1 

ʩʚʷʟʳʚʘʝʪʩʷ ʩ ʚʥʝʰʥʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʦʡ, ʥʦ ʜʝʛʨʘʜʠʨʫʝʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʧʨʦʪʝʘʟʳ 

PARL ʚʥʫʪʨʝʥʥʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʩʠʛʥʘʣʘ 

ʤʠʪʦʬʘʛʠʠ. ʆʜʥʘʢʦ ʚ ʧʦʚʨʝʞʜʝʥʥʦʡ ʤʠʪʦʭʦʥʜʨʠʠ, ʠʤʝʶʱʝʡ ʧʦʥʠʞʝʥʥʳʡ ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ, PINK1 ʥʝ ʧʦʜʚʝʨʛʘʝʪʩʷ ʜʝʛʨʘʜʘʮʠʠ ʠ ʩʧʦʩʦʙʝʥ ʧʦʜʘʚʘʪʴ ʩʠʛʥʘʣ ʙʝʣʢʫ Parkin, 

ʷʚʣʷʶʱʝʤʫʩʷ E3-ʫʙʠʢʚʠʪʠʥʣʠʛʘʟʦʡ, ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʤʘʨʢʠʨʦʚʘʪʴ ʤʠʪʦʭʦʥʜʨʠʠ ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʜʝʛʨʘʜʘʮʠʠ. ɼʘʣʝʝ ʩ ʫʙʠʢʚʠʪʠʥʠʨʦʚʘʥʥʳʤʠ ʙʝʣʢʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʚʷʟʳʚʘʝʪʩʷ 

ʬʘʢʪʦʨ p62, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʢʘʧʩʫʣʷʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʘʫʪʦʬʘʛʦʩʦʤʘʤʠ LC3, ʢʦʪʦʨʳʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʜʝʛʨʘʜʠʨʫʶʪ ʧʨʠ ʫʯʘʩʪʠʠ ʣʠʟʦʩʦʤ (Padman et al., 2019). ʂʘʢ ʫ ʧʘʮʠʝʥʪʦʚ, 

ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʪʘʢ ʠ ʫ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʦʪʤʝʯʝʥʦ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʦʚ, ʩʚʷʟʘʥʥʳʭ ʩ ʤʠʪʦʬʘʛʠʝʡ, ʪʘʢʠʭ ʢʘʢ PINK1, PARK2 ʠ BNIP3 (Luan et al., 2021). ʀʥʪʝʨʝʩʥʦ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʝʜʘʚʥʦ ʙʳʣʘ ʚʳʷʚʣʝʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘʷ ʢʦʨʨʝʣʷʮʠʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʤʈʅʂ ʛʝʥʘ 

DMD ʠ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ ʤʠʪʦʬʘʛʠʠ. ʇʦʜʘʚʣʝʥʠʝ ʤʠʪʦʬʘʛʠʠ ʦʪʤʝʯʘʝʪʩʷ ʠ ʧʨʠ ʄɼɹ (Luan et 

al., 2021). ɹʦʣʝʝ ʪʦʛʦ, ʥʘʨʫʰʝʥʠʝ ʧʨʦʮʝʩʩʘ ʤʠʪʦʬʘʛʠʠ ʧʦʢʘʟʘʥʦ ʠ ʚ ʩʣʫʯʘʝ ʩʘʤʦʢ mdx-ʤʳʝhʡ, 

ʥʝʩʫʱʠʭ ʦʜʠʥ ʠʟ ʤʫʪʘʥʪʥʳʭ ʘʣʣʝʣʝʡ ʛʝʥʘ DMD (Moore et al., 2020) ɺʩʝ ʵʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʪʦʤ, ʯʪʦ ʜʘʞʝ ʯʘʩʪʠʯʥʦʡ ʧʦʪʝʨʠ ʜʠʩʪʨʦʬʠʥʘ ʜʦʩʪʘʪʦʯʥʦ, ʯʪʦʙʳ ʚʳʟʚʘʪʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ 

ʜʠʩʬʫʥʢʮʠʶ ʠ ʥʘʨʫʰʝʥʠʝ ʤʠʪʦʬʘʛʠʠ, ʘ ʪʘʢʞʝ ʦ ʪʦʤ, ʯʪʦ ʧʦʣʥʘʷ ʧʦʪʝʨʷ ʜʠʩʪʨʦʬʠʥʘ, 

ʥʘʙʣʶʜʘʝʤʘʷ ʧʨʠ ʄɼɼ, ʦʢʘʟʳʚʘʝʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʠʪʦʬʘʛʠʶ ʚ ʤʳʮhʘʭ. 

ʅʘʨʫʰʝʥʠʝ ʤʠʪʦʬʘʛʠʠ ʦʢʘʟʳʚʘʝʪ ʚʘʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʘʪʦʛʝʥʝʟ ʄɼɼ, ʧʦʩʢʦʣʴʢʫ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʧʦʚʨʝʞʜʝʥʥʳʭ ʠ/ʠʣʠ ʜʝʬʝʢʪʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ, ʢʦʪʦʨʳʝ ʛʝʥʝʨʠʨʫʶʪ 

ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ɸʌʂ, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʫʚʝʣʠʯʠʚʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ ʚ ʤʳʝhʯʥʭr ʢʣʝʪʢʘʭ (Sebori et al., 2018) ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ ʧʨʦʬʠʙʨʦʪʠʯʝʩʢʠʭ ʠ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʬʘʢʪʦʨʦʚ (Hori et al., 2011; Kuno et al., 2018). ʕʪʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʥʘ 

ʞʠʚʦʪʥʳʭ ʤʦʜʝʣʷʭ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʦʢʘʫʪ ʢʣʶʯʝʚʳʭ ʛʝʥʦʚ, ʦʪʚʝʯʘʶʱʠʭ ʟʘ ʤʠʪʦʬʘʛʠ,ʁ ʚ 

ʯʘʩʪʥʦʩʪʠ, Atg5 ʠʣʠ Pink1, ʧʨʠʚʦʜʠʣ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ɸʌʂ. ʇʨʠ ʵʪʦʤ ʥʘʢʦʧʣʝʥʠʝ 

ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʜʠʩʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʚʨʝʞʜʝʥʠʶ ʤʳʮh ʠ 

ʜʘʣʴʥʝʡʰʝʤʫ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ɸʌʂ, ʘ ʪʘʢʞʝ ʦʙʱʝʤʫ ʫʛʥʝʪʝʥʠʶ ʧʨʦʜʫʢʮʠʠ ʵʥʝʨʛʠʠ ʚ 

ʢʣʝʪʢʝ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʤʠʪʦʬʘʛʠʠ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʪʦʣʴʢʦ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ, 

ʥʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʫʩʣʦʚʠʷʭ ʜʠʩʪʨʦʬʠʯʝʩʢʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ (Kang et al., 2018), ʚ ʵʪʦʤ ʩʣʫʯʘʝ 

ʥʘʙʣʶʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʷ ʢ ʜʘʣʴʥʝʡʰʝʤʫ ʫʛʥʝʪʝʥʠʶ ʧʨʦʮʝʩʩʘ ʧʦ ʤʝʨʝ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʷ 

ʟʘʙʦʣʝʚʘʥʠʷ. ʇʨʠ ʵʪʦʤ ʚʳʷʚʣʝʥʳ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʢʦʩʚʝʥʥʦ 

ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ ʤʠʪʦʬʘʛʠʠ ʠ ʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʪʘʢʠʤ ʦʙʨʘʟʦʤ ʟʘʤʝʜʣʷʪʴ 

ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ ʤʳʮh (Reid and Alexander, 2021). 
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1.4. ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ 

ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʅʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʡ ʧʨʦʛʨʝʩʩ, ʜʦʩʪʠʛʥʫʪʳʡ ʚ ʨʘʟʨʘʙʦʪʢʝ ʵʬʬʝʢʪʠʚʥʦʡ ʪʝʨʘʧʠʠ 

ʄɼɼ ʟʘ ʧʦʩʣʝʜʥʠʝ 30 ʣʝʪ, ʣʝʢʘʨʩʪʚʘ ʜʣʷ ʣʝʯʝʥʠʷ ʵʪʦʡ ʧʘʪʦʣʦʛʠʠ ʥʝ ʩʫʱʝʩʪʚʫʝʪ. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʢʦʤʧʣʝʢʩʥʳʝ ʧʦʜʭʦʜ,r ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʩʪʨʘʥʝʥʠʝ ʩʠʤʧʪʦʤʦʚ ʄɼɼ, ʤʦʛʫʪ ʩʤʷʛʯʠʪʴ 

ʝʩʪʝʩʪʚʝʥʥʦʝ ʪʝʯʝʥʠʝ ʙʦʣʝʟʥʠ, ʫʣʫʯʰʠʪʴ ʢʘʯʝʩʪʚʦ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ. ʍʦʪʷ 

ʧʨʠ ʄɼɼ ʚ ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ ʧʦʨʘʞʘʶʪʩʷ ʤʳʮhʳ ʩʝʨʜʮʘ ʠ ʩʢʝʣʝʪʥʘʷ ʤʫʩʢʫʣʘʪʫʨʘ, ʩʫʱʝʩʪʚʫʝʪ 

ʪʘʢʞʝ ʤʥʦʞʝʩʪʚʦ ʚʥʝʤʳʝhʯʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʧʘʪʦʣʦʛʠʠ ʠ ʚʪʦʨʠʯʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʥʘʨʫʰʝʥʠʷ 

ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʤʳʮh. ʕʪʦ ʪʨʝʙʫʝʪ ʩʢʦʦʨʜʠʥʠʨʦʚʘʥʥʦʛʦ ʤʝʞʜʠʩʮʠʧʣʠʥʘʨʥʦʛʦ, ʧʘʮʠʝʥʪ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʦʛʦ ʧʦʜʭʦʜʘ ʥʘ ʨʘʟʥʳʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ ʜʘʥʥʦʡ ʛʣʘʚʝ 

ʨʘʩʩʤʦʪʨʝʥʳ ʦʩʥʦʚʥʳʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʪʝʨʘʧʠʠ ʄɼɼ, ʘ ʪʘʢʞʝ 

ʥʘʠʙʦʣʝʝ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʚʘʨʠʘʥʪʳ ʣʝʯʝʥʠʷ ʧʘʪʦʣʦʛʠʠ, ʟʘʩʣʫʞʠʚʘʶʱʠʝ ʚʥʠʤʘʥʠʷ. 

ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʜʚʝ ʦʩʥʦʚʥʳʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ, 

ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʣʝʯʝʥʠʝ ʠʣʠ ʢʦʨʨʝʢʮʠʶ ʄɼɼ. ʆʜʥʘ ʠʟ ʥʠʭ ʩʚʷʟʘʥʘ ʩ ʪʘʨʛʝʪʥʦʡ ʪʝʨʘʧʠʝʡ 

ʜʠʩʪʨʦʬʠʥʘ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʙʝʣʢʘ. ɼʨʫʛʘʷ ʩʪʨʘʪʝʛʠʷ 

ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʪʦʨʠʯʥʳʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ (Guiraud and Davies, 2017; Angelini et al., 

2022). ʊʝʨʘʧʠʷ, ʥʘʮʝʣʝʥʥʘʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʜʠʩʪʨʦʬʠʥʘ, ʚʢʣʶʯʘʝʪ ʛʝʥʥʫʶ ʪʝʨʘʧʠʶ, 

ʢʣʝʪʦʯʥʫʶ ʪʝʨʘʧʠʶ ʠ ʟʘʤʝʩʪʠʪʝʣʴʥʫʶ ʙʝʣʢʦʚʫʶ ʪʝʨʘʧʠʶ. ʅʝʩʤʦʪʨʷ ʥʘ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ, ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʶʪ ʧʨʦʙʣʝʤʳ ʩ ʪʝʨʘʧʠʝʡ, ʥʘʧʨʘʚʣʝʥʥʦʡ ʥʘ 

ʥʦʨʤʘʣʠʟʘʮʠʶ ʫʨʦʚʥʷ ʜʠʩʪʨʦʬʠʥʘ ʚ ʦʨʛʘʥʠʟʤʝ (Chamberlain and Chamberlain, 2017). ʇʝʨʚʘʷ 

ʧʨʦʙʣʝʤʘ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʪʦʤ, ʯʪʦ ʪʘʢʘʷ ʪʝʨʘʧʠʷ ʤʦʞʝʪ ʪʦʣʴʢʦ ʟʘʤʝʜʣʠʪʴ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ 

ʄɼɼ, ʥʦ ʥʝ ʚʦʩʩʪʘʥʦʚʠʪʴ ʬʫʥʢʮʠʶ ʤʳʝhʯʥʳʭ ʪʢʘʥʝʡ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʝʛʝʥʝʨʘʪʠʚʥʳʤ 

ʭʘʨʘʢʪʝʨʦʤ ʧʘʪʦʣʦʛʠʠ. ɺʦ-ʚʪʦʨʳʭ, ʩ ʧʦʤʦʱʴʶ ʪʘʢʦʡ ʪʝʨʘʧʠʠ ʪʨʫʜʥʦ ʚʦʟʜʝʡʩʪʚʦʚʘʪʴ ʥʘ ʚʩʝ 

ʤʳʝhʯʥʳʝ ʪʢʘʥʠ, ʧʦʩʢʦʣʴʢʫ ʤʳʝhʯʥʘʷ ʪʢʘʥʴ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʩʘʤʳʭ ʙʦʣʴʰʠʭ ʚ ʦʨʛʘʥʠʟʤʝ 

(Verhaart and Aartsma-Rus, 2019). ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ ʚ ʜʦʧʦʣʥʝʥʠʝ ʢ ʨʘʟʨʘʙʦʪʢʝ ʩʪʨʘʪʝʛʠʡ 

ʣʝʯʝʥʠʷ ʜʝʬʠʮʠʪʘ ʜʠʩʪʨʦʬʠʥʘ ʚʩʝ ʙʦʣʴʰʝ ʫʩʠʣʠʡ ʥʘʧʨʘʚʣʝʥʦ ʥʘ ʫʣʫʯʰʝʥʠʝ ʤʳʝhʯʥʦʡ 

ʬʫʥʢʮʠʠ ʧʫʪʝʤ ʚʦʟʜʝʡʩʪʚʠʷ ʥʘ ʚʪʦʨʠʯʥʳʝ ʧʨʦʷʚʣʝʥʠʷ ʄɼɼ.  

1.4.1. ʊʝʨʘʧʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ ʠ ʬʫʥʢʮʠʠ ʜʠʩʪʨʦʬʠʥʘ 

ɻʝʥʝʪʠʯʝʩʢʠʝ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʩʪʨʘʪʝʛʠʠ ʤʦʛʫʪ ʦʙʝʩʧʝʯʠʪʴ ʧʦʣʥʦʮʝʥʥʦʝ ʣʝʯʝʥʠʝ ʄɼɼ. 

ʇʨʠ ʄɼɼ ʫʜʘʣʝʥʥʳʝ ʵʢʟʦʥʳ ʢʦʥʮʝʥʪʨʠʨʫʶʪʩʷ ʚ ʦʙʣʘʩʪʠ ʩ 43 ʧʦ 55 ʵʢʟʦʥ (Asher et al., 2020), 

ʯʪʦ ʩʦʩʪʘʚʣʷʝʪ ʧʦʨʷʜʢʘ 60ï65% ʩʦʙʳʪʠʡ (Zimowski et al., 2014). ɹʳʣʦ ʨʘʟʨʘʙʦʪʘʥʦ ʥʝʩʢʦʣʴʢʦ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʩʪʨʘʪʝʛʠʡ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʛʝʥ ʜʠʩʪʨʦʬʠʥʘ, ʚʢʣʶʯʘʷ ʧʨʦʧʫʩʢ ʵʢʟʦʥʦʚ, 

ʧʨʦʧʫʩʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʳʭ ʩʪʦʧ-ʢʦʜʦʥʦʚ, ʟʘʤʝʱʝʥʠʝ ʤʫʪʘʥʪʥʦʛʦ ʛʝʥʘ ʠ ʛʝʥʝʪʠʯʝʩʢʦʝ 
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ʨʝʜʘʢʪʠʨʦʚʘʥʠʝ. ɺ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʥʘʩʪʦʷʱʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʟʨʘʙʦʪʢʝ ʤʝʪʦʜʦʚ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʄɼɼ, ʪʦ ʷ ʧʦʟʚʦʣʶ ʩʝʙʝ ʧʦʜʨʦʙʥʦ ʥʝ ʦʩʪʘʥʘʚʣʠʚʘʪʴʩʷ ʥʘ ʫʢʘʟʘʥʥʳʭ 

ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʘʭ. ɺʩʝ ʵʪʠ ʧʦʜʭʦʜʳ ʧʦʜʨʦʙʥʦ ʨʘʟʦʙʨʘʥʳ ʚ ʥʝʜʘʚʥʠʭ ʟʘʤʝʯʘʪʝʣʴʥʳʭ 

ʦʙʟʦʨʥʳʭ ʨʘʙʦʪʘʭ (Elangkovan and Dickson, 2021; Happi Mbakam and Tremblay, 2023).   

1.4.2. ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʢʣʝʪʦʢ 

ʂʣʝʪʦʯʥʘʷ ʪʝʨʘʧʠʷ ʧʨʠ ʄɼɼ ʥʘʧʨʘʚʣʝʥʘ ʥʘ ʚʥʝʜʨʝʥʠʝ ʥʦʨʤʘʣʴʥʳʭ ʛʝʥʦʤʦʚ ʚ 

ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ ʤʳʮhʳ ʧʫʪʝʤ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʟʜʦʨʦʚʳʭ ʢʣʝʪʦʢ-ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (Sun et al., 

2020). ɺ ʠʜʝʘʣʴʥʦʤ ʚʘʨʠʘʥʪʝ ʪʘʢʠʝ ʢʣʝʪʢʠ ʤʦʛʫʪ ʜʦʩʪʘʚʣʷʪʴ ʢʦʧʠʶ ʠʥʪʘʢʪʥʦʛʦ ʛʝʥʘ DMD ʢʘʢ ʚ 

ʩʢʝʣʝʪʥʳʝ ʤʳʮhʳ, ʪʘʢ ʠ ʚ ʩʝʨʜʮʝ (Ramos and Chamberlain, 2015). ʀʟʚʝʩʪʥʦ ʦ ʧʨʠʤʝʥʝʥʠʠ 

ʨʘʟʣʠʯʥʭr ʪʠʧʦʚ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ ʚ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʤʦʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʠ ʧʘʮʠʝʥʪʘʭ, 

ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ (Sun et al., 2020). ʊʨʘʥʩʧʣʘʥʪʘʮʠʷ ʩʘʪʝʣʣʠʪʥʳʭ ʢʣʝʪʦʢ, ʧʦʣʫʯʝʥʥʳʭ ʠʟ 

ʤʳʝhʯʥʳʭ ʙʠʦʧʪʘʪʦʚ, ʧʨʠʚʝʣʘ ʢ ʧʦʚʳʰʝʥʠ  ʁʵʢʩʧʨʝʩʩʠʠ ʜʠʩʪʨʦʬʠʥʘ ʫ mdx-ʤʳʝhʡ (Xu et al., 

2015). ʂʨʦʤʝ ʪʦʛʦ, ʪʨʘʥʩʧʣʘʥʪʘʮʠʷ ʤʫʣʴʪʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ CD133C, ʧʦʣʫʯʝʥʥʳʭ 

ʠʟ ʥʦʨʤʘʣʴʥʳʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʯʝʣʦʚʝʢʘ ʠ ʦʙʣʘʜʘʶʱʠʭ ʤʠʦʛʝʥʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ (Meng et al., 

2018), mdx-ʤʳʘhʤ ʧʨʠʚʝʣʘ ʢ ʧʦʷʚʣʝʥʠʶ ʩʘʪʝʣʣʠʪʥʳʭ ʢʣʝʪʦʢ ʠ ʜʠʩʪʨʦʬʠʥ-ʩʦʜʝʨʞʘʱʠʭ 

ʤʠʦʬʠʙʨʠʣʣ (Meng et al., 2014). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʘʢ ʩʘʪʝʣʣʠʪʥʳʝ ʢʣʝʪʢʠ, ʪʘʢ ʠ ʢʣʝʪʢʠ CD133C ʥʝ 

ʚʳʟʚʘʣʠ ʷʚʥʦʛʦ ʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʫ ʙʦʣʴʥʳʭ ʚ ʭʦʜʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(Torrente et al., 2007; Xu et al., 2015). ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʧʝʨʩʧʝʢʪʠʚʳ ʧʨʠʤʝʥʝʥʠʷ 

ʠʥʜʫʮʠʨʦʚʘʥʥʳʭ ʧʣʶʨʠʧʦʪʝʥʪʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (ʀʇʉʂ) ʯʝʣʦʚʝʢʘ ʜʣʷ ʠʩʧʨʘʚʣʝʥʠʷ 

ʤʫʪʘʮʠʡ ʫ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ (Uchimura et al., 2017; Mondragon-Gonzalez and 

Perlingeiro, 2018). ʀʇʉʂ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʦʪ ʙʦʣʴʥʳʭ ʠ ʧʦʜʚʝʨʛʥʫʪʳ ʛʝʥʝʪʠʯʝʩʢʦʤʫ 

ʨʝʜʘʢʪʠʨʦʚʘʥʠʶ ʩ ʧʦʤʦʱʴʶ ʪʝʭʥʦʣʦʛʠʠ CRISPR/Cas9 ʩ ʮʝʣʴʶ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʥʦʨʤʘʣʴʥʦʡ 

ʵʢʩʧʨʝʩʩʠʠ ʜʠʩʪʨʦʬʠʥʘ (Hochheiser et al., 2018). ʊʨʘʥʩʧʣʘʥʪʘʮʠʷ ʀʇʉʂ ʯʝʣʦʚʝʢʘ, ʚ ʢʦʪʦʨʳʭ 

ʤʫʪʘʮʠʷ ʚ ʛʝʥʝ DMD ʠʩʧʨʘʚʣʝʥʘ ʩ ʧʦʤʦʱʴʶ ʛʝʥʦʤʥʦʛʦ ʨʝʜʘʢʪʠʨʦʚʘʥʠʷ, ʫʩʧʝʰʥʦ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʣʘ ʵʢʩʧʨʝʩʩʠʶ ʜʠʩʪʨʦʬʠʥʘ ʫ mdx-ʤʳʝhʡ (Young et al., 2016). ʊʝʤ ʥʝ ʤʝʥʝʝ ʜʣʷ 

ʢʣʝʪʦʯʥʳʭ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʄɼɼ ʭʘʨʘʢʪʝʨʥʘ ʥʠʟʢʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ 

ʦʛʨʘʥʠʯʝʥʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʢʣʝʪʦʢ ʢ ʤʠʛʨʘʮʠʠ ʧʦʩʣʝ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ (Sun et al., 2020), 

ʧʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʢʦʪʦʨʳʝ ʧʦʟʚʦʣʷʪ ʫʣʫʯʰʠʪʴ ʧʦʢʘʟʘʪʝʣʠ 

ʧʨʠʞʠʚʣʝʥʠʷ ʪʨʘʥʩʧʣʘʥʪʠʨʦʚʘʥʥʳʭ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (Hicks et al., 2018; Wu et al., 2018). 

1.4.3. ʊʝʨʘʧʠʷ ʥʘ ʦʩʥʦʚʝ ʟʘʤʝʱʝʥʠʷ ʜʠʩʬʫʥʢʮʠʦʥʘʣʴʥʦʛʦ ʜʠʩʪʨʦʬʠʥʘ 

ʋʪʨʦʬʠʥ ʷʚʣʷʝʪʩʷ ʩʪʨʫʢʪʫʨʥʳʤ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʧʘʨʘʣʦʛʦʤ ʜʠʩʪʨʦʬʠʥʘ (Loro et al., 

2020). ʀʟ-ʟʘ ʩʭʦʞʝʡ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʫʪʨʦʬʠʥ ʧʨʝʜʣʘʛʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʳ 
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ʜʠʩʪʨʦʬʠʥʫ (Guiraud et al., 2019). ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʫ mdx-ʤʳʝhʡ ʧʦʚʳʰʝʥʥʘʷ ʵʢʩʧʨʝʩʩʠʷ 

ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʫʪʨʦʬʠʥʘ ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʱʘʪʴ ʨʘʟʚʠʪʠʝ ʤr ʝhʯʥʦʡ ʜʠʩʪʨʦʬʠʠ (P®ladeau et 

al., 2018). ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʵʪʘ ʩʪʨʘʪʝʛʠʷ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ ʚ ʢʣʠʥʠʯʝʩʢʦʡ 

ʧʨʘʢʪʠʢʝ. ʆʜʥʠʤ ʠʟ ʤʦʜʫʣʷʪʦʨʦʚ ʫʪʨʦʬʠʥʘ ʷʚʣʷʝʪʩʷ C1100 (ʵʟʫʪʨʦʤʠʜ) (Tinsley et al., 2011). 

ʃʝʯʝʥʠʝ mdx-ʤʳʝhʡ ʩ ʧʦʤʦʱʴʶ C1100 ʧʨʠʚʝʣʦ ʢ ʫʣʫʯʰʝʥʠʶ ʬʠʟʠʦʣʦʛʠʠ ʤʳʮh ʠ ʫʚʝʣʠʯʝʥʠʶ 

ʤʳʝhʯʥʦʡ ʩʠʣʳ ʞʠʚʦʪʥʳʭ (Tinsley et al., 2011). ʆʜʥʘʢʦ 2 ʬʘʟʘ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

(NCT02383511) ʧʦʢʘʟʘʣʘ, ʯʪʦ C1100 ʥʝ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʨʘʟʚʠʪʠʝ 

ʧʘʪʦʣʦʛʠʠ, ʧʦʵʪʦʤʫ ʨʘʟʨʘʙʦʪʢʘ ʪʝʨʘʧʠʠ ʥʘ ʦʩʥʦʚʝ C1100 ʙʳʣʘ ʧʨʝʢʨʘʱʝʥʘ (Ricotti et al., 2016). 

ɽʱʝ ʦʜʥʠʤ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʛʝʥʪʦʤ ʷʚʣʷʝʪʩʷ GALGT2 ï ʬʝʨʤʝʥʪ, ʩʧʦʩʦʙʥʳʡ ʧʨʦʜʫʮʠʨʦʚʘʪʴ 

ʛʣʠʢʘʥ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʭ ʊ-ʢʣʝʪʦʢ, ʢʦʪʦʨʳʡ ʟʘʱʠʱʘʝʪ ʜʠʩʪʨʦʬʠʯʝʩʢʠʝ ʤʠʦʬʠʙʨʠʣʣʳ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʦʪ ʧʦʚʨʝʞʜʝʥʠʷ. ʋʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ GALGT2 ʫ mdx-ʤʳʝhʡ ʧʨʠʚʝʣʦ ʢ 

ʫʩʠʣʝʥʠʶ ʵʢʩʧʨʝʩʩʠʶ ʫʪʨʦʬʠʥʘ ʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʩʠʣʠʚʘʣʦ ʫʩʪʦʡʯʠʚʦʩʪʴ ʩʘʨʢʦʣʝʤʤʳ ʢ 

ʧʦʚʨʝʞʜʝʥʠʷʤ (Xu et al., 2009). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ, ʭʦʪʷ ʫʪʨʦʬʠʥ ʠ ʦʢʘʟʳʚʘʝʪ 

ʙʣʘʛʦʧʨʠʷʪʥʦʝ ʜʝʡʩʪʚʠʝ, ʢʦʤʧʝʥʩʠʨʫʷ ʦʪʩʫʪʩʪʚʠʝ ʜʠʩʪʨʦʬʠʥʘ, ʦʥ ʚʩʝ ʞʝ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʥʝʛʦ ʧʦ 

ʬʫʥʢʮʠʦʥʘʣʴʥʳʤ ʩʚʦʡʩʪʚʘʤ. ʆʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʥʘʯʠʪʝʣʴʥʳʭ ʦʪʣʠʯʠʡ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ 

ʫʪʨʦʬʠʥ ʥʝ ʩʧʦʩʦʙʝʥ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʠʰʝʤʠʶ ʚʦ ʚʨʝʤʷ ʘʢʪʘ ʤʳʝhʯʥʦʛʦ 

ʩʦʢʨʘʱʝʥʠʷ (Li  et al., 2010). ʂʨʦʤʝ ʪʦʛʦ, ʜʠʩʪʨʦʬʠʥ ʩʚʷʟʳʚʘʝʪ ʤʠʢʨʦʪʨʫʙʦʯʢʠ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ 

ʨʝʰʝʪʢʠ ʧʦʜ ʩʘʨʢʦʣʝʤʤʦʡ, ʪʦʛʜʘ ʢʘʢ ʫʪʨʦʬʠʥ ʥʝ ʦʙʣʘʜʘʝʪ ʵʪʠʤ ʩʚʦʡʩʪʚʦʤ (Belanto et al., 2014). 

ʇʦ ʵʪʦʡ ʧʨʠʯʠʥʝ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʝʨʘʧʠ ̫ʥʘ ʦʩʥʦʚʝ ʫʪʨʦʬʠʥʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʘ 

ʣʠʰʴ ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤʠ ʤʝʪʦʜʘʤʠ ʣʝʯʝʥʠʷ ʄɼɼ (Guiraud et al., 2019). 

1.4.4. ʊʝʨʘʧʝʚʪʠʯʝʩʢʠʝ ʧʦʜʭʦʜʳ, ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʢʦʨʨʝʢʮʠʶ ʚʪʦʨʠʯʥʳʭ ʥʘʨʫʰʝʥʠʡ, 

ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʤʳʰʝʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

ʂʘʢ ʫʢʘʟʘʥʦ ʚ ʛʣʘʚʘʭ 1.2 ʠ 1.3, ʧʦʪʝʨʷ ʜʠʩʪʨʦʬʠʥʘ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʮʝʣʦʛʦ ʨʷʜʘ 

ʚʪʦʨʠʯʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʬʠʙʨʦʟʦʤ, ʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʧʨʦʮʝʩʩʦʤ, ʥʘʨʫʰʝʥʠʝʤ 

ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʜʠʩʨʝʛʫʣʷʮʠʝʡ ʤʝʪʘʙʦʣʠʟʤʘ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʝʡ, ʘ ʪʘʢʞʝ 

ʠʰʝʤʠʝʡ ʪʢʘʥʝʡ ʠ ʤʳʝhʯʥʦʡ ʘʪʨʦʬʠʝʡ. ʋʩʠʣʠʷ ʤʥʦʞʝʩʪʚʘ ʥʘʫʯʥʳʭ ʛʨʫʧʧ ʥʘʧʨʘʚʣʝʥʳ ʥʘ 

ʧʦʠʩʢ ʠ ʨʘʟʨʘʙʦʪʢʫ ʪʝʨʘʧʠʠ ʜʣʷ ʩʤʷʛʯʝʥʠʷ ʠ ʫʩʪʨʘʥʝʥʠʷ ʵʪʠʭ ʥʘʨʫʰʝʥʠʡ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʪʘʢʠʝ ʧʦʜʭʦʜʳ ʥʘʡʜʫʪ ʩʚʦʝ ʧʨʠʣʦʞʝʥʠʝ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʚ 

ʫʩʣʦʚʠʷʭ ʧʨʠʤʝʥʝʥʠʷ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʥʘʧʨʘʚʣʝʥʥʳʭ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ 

ʜʠʩʪʨʦʬʠʥʘ ʚ ʪʢʘʥʷʭ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʢʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʧʨʝʜʳʜʫʱʝʡ ʛʣʘʚʳ, ʥʦʨʤʘʣʠʟʘʮʠʷ 

ʫʨʦʚʥʷ ʙʝʣʢʘ ʚ ʤʳʮhʘʭ ʟʘʯʘʩʪʫʶ ʥʝ ʦʢʘʟʳʚʘʝʪ ʞʝʣʘʝʤʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʯʪʦ, 

ʚʦʟʤʦʞʥʦ, ʩʚʷʟʘʥʦ ʩ ʧʦʩʣʝʜʩʪʚʠʷʤʠ ʫʢʘʟʘʥʥʳʭ ʚʳʰʝ ʚʪʦʨʠʯʥʳʭ ʥʘʨʫʰʝʥʠʡ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ 

ʄɼɼ. 
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1.4.4.1. ʊʝʨʘʧʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʬʠʙʨʦʟʘ 

ʌʠʙʨʦʟ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʟʘʤʝʪʥʳʭ ʧʨʦʷʚʣʝʥʠʡ ʧʘʪʦʛʝʥʝʟʘ ʄɼɼ (Zhou and Lu, 

2010). ʆʥ ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʭʦʜʝ ʭʨʦʥʠʯʝʩʢʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ ʠ ʜʣʠʪʝʣʴʥʦʛʦ 

ʧʦʜʘʚʣʝʥʠʷ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʳ ʠ ʟʘʯʘʩʪʫʶ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʳʡ ʧʨʦʮʝʩʩ 

ʟʘʞʠʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ, ʢʦʪʦʨʳʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ ʥʘʢʦʧʣʝʥʠʝʤ ʙʝʣʢʦʚ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (Wynn, 2007). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʬʠʙʨʦʟ ʤʦʞʝʪ ʧʦʨʘʞʘʪʴ ʚʩʝ ʪʢʘʥʠ ʠ 

ʦʨʛʘʥʳ ʠ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʤʝʭʘʥʠʟʤʦʤ, ʚʝʜʫʱʠʤ ʢ ʩʤʝʨʪʠ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ 

(Wynn, 2008). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʠʙʨʦʟʘ ʵʥʜʦʤʠʟʠʷ ʚ ʙʠʦʧʪʘʪʘʭ ʤʳʮh ʢʦʨʨʝʣʠʨʫʝʪ 

ʩʦ ʩʥʠʞʝʥʠʝʤ ʤʳʝhʯʥʦʡ ʩʠʣ rʚ ʫʩʣʦʚʠʷʭ ʧʦʪʝʨʠ ʜʚʠʛʘʪʝʣʴʥʦʡ ʩʧʦʩʦʙʥʦʩʪʠ, ʥʘʙʣʶʜʘʝʤʦʡ ʫ 

ʙʦʣʴʥʳʭ (Desguerre et al., 2009). ʌʠʙʨʦʛʝʥʥʳʝ ʮʠʪʦʢʠʥʳ ʤʦʛʫʪ ʚʳʟʳʚʘʪʴ ʘʢʪʠʚʘʮʠʶ ʪʢʘʥʝʚʳʭ 

ʬʠʙʨʦʙʣʘʩʪʦʚ ʠ ʧʨʦʠʟʚʦʜʩʪʚʦ ʙʝʣʢʦʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ (Suntar et al., 2020). 

ɿʥʘʯʠʪʝʣʴʥʫʶ ʨʦʣʴ ʚ ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʠʛʨʘʶʪ ʪʨʘʥʩʬʦʨʤʠʨʫʶʱʠʡ ʬʘʢʪʦʨ ʨʦʩʪʘ-ɓ (TGF-ɓ), 

ʬʘʢʪʦʨ ʨʦʩʪʘ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ (CTGF) ʠ TNFŬ (Walker et al., 2019). TGF-ɓ ʷʚʣʷʝʪʩʷ 

ʦʩʥʦʚʥʳʤ ʤʝʜʠʘʪʦʨʦʤ ʬʠʙʨʦʟʥʦʛʦ ʦʪʚʝʪʘ, ʢʦʪʦʨʳʡ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʘʢʦʧʣʝʥʠʶ 

ʦʩʥʦʚʥʦʛʦ ʚʝʱʝʩʪʚʘ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʠʨʦʚʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʢʘʪʘʙʦʣʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ ʠ ʜʨʫʛʠʭ 

ʤʝʜʠʘʪʦʨʦʚ (Mazala et al., 2020). CTGF ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʚʘʞʥʳʭ ʥʠʞʝʩʪʦʷʱʠʭ ʤʝʜʠʘʪʦʨʦʚ 

ʵʬʬʝʢʪʦʚ TGF-ɓ ʥʘ ʬʠʙʨʦʙʣʘʩʪʳ (Gonzalez and Brandan, 2019), ʯʪʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʘʢʪʠʚʥʦʩʪʴʶ 

ʬʠʙʨʦʟʘ (Sakai et al., 2017). 

TGF-ɓ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʚʘʞʥʦʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʤʠʰʝʥʠ, ʤʦʜʫʣʷʮʠʷ 

ʢʦʪʦʨʦʛʦ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʯʨʝʟʤʝʨʥʦʝ ʦʪʣʦʞʝʥʠʝ ʬʠʙʨʦʟʥʦʡ ʪʢʘʥʠ ʚ ʫʩʣʦʚʠʷʭ ʄɼɼ 

(Mazala et al., 2020). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʥʛʠʦʪʝʥʟʠʥ II ʥʝʟʘʚʠʩʠʤʦ ʠʣʠ ʩʦʚʤʝʩʪʥʦ ʩ TGF-ɓ ʩʧʦʩʦʙʝʥ 

ʘʢʪʠʚʠʨʦʚʘʪʴ ʬʠʙʨʦʟ ʧʫʪʝʤ ʚʣʠʷʥʠʷ ʥʘ ʨʝʮʝʧʪʦʨ ʘʥʛʠʦʪʝʥʟʠʥʘ ʪʠʧʘ 1 (AT1) ʚʦ ʤʥʦʞʝʩʪʚʝ 

ʪʢʘʥʝʡ (Acuna et al., 2014). ɹʣʦʢʘʪʦʨʦʤ ʨʝʮʝʧʪʦʨʦʚ AT1 ʷʚʣʷʝʪʩʷ ʣʦʟʘʨʪʘʥ, ʩʧʦʩʦʙʥʳʡ 

ʦʩʣʘʙʣʷʪʴ ʧʝʨʝʜʘʯʫ ʩʠʛʥʘʣʦʚ TGF-ɓ (Lee et al., 2015). ɽʛʦ ʧʨʠʤʝʥʝʥʠʝ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ 

ʬʠʙʨʦʟ ʜʠʘʬʨʘʛʤʳ ʠ ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ ʤʳʝhʯʥʫʶ ʩʠʣʫ ʜʣʠʥʥʦʛʦ ʨʘʟʛʠʙʘʪʝʣʷ ʧʘʣʴʮʝʚ ʫ mdx-

ʤʳʝhʡ (Cohn et al., 2007). ʂʣʠʥʠʯʝʩʢʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʥʘ ʧʘʮʠʝʥʪʘʭ ʧʦʢʘʟʘʣʦ, ʯʪʦ ʣʝʯʝʥʠʝ 

ʣʦʟʘʨʪʘʥʦʤ ʚ ʪʝʯʝʥʠʝ 1 ʛʦʜʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʣʫʯʰʘʝʪ ʩʝʨʜʝʯʥʫʶ ʬʫʥʢʮʠʶ ʫ ʧʘʮʠʝʥʪʦʚ, 

ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ, ʥʦ ʚʣʠʷʝʪ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʠʙʨʦʟʘ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ (Allen et al., 

2013). ɽʱʝ ʦʜʠʥ ʧʦʪʝʥʮʠʘʣʴʥʳʡ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʘʛʝʥʪ, ʩʫʨʘʤʠʥ, ʷʚʣʷʶʱʠʡʩ ̫ʠʥʛʠʙʠʪʦʨʦʤ 

TGF-ɓ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʩʥʠʞʝʥʠʶ ʬʠʙʨʦʟʘ ʫ mdx-ʤʳʝhʡ (De Oliveira Moreira et al., 2013). 

ʇʨʠʤʝʥʝʥʠʝ ʩʫʨʘʤʠʥʘ ʩʥʠʟʠʣʦ ʫʨʦʚʝʥʴ ʢʨʝʘʪʠʥʢʠʥʘʟʳ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʞʠʚʦʪʥʳʭ ʠ 

ʦʩʣʘʙʠʣʦ ʨʘʟʚʠʪʠʝ ʬʠʙʨʦʟʘ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ (De Oliveira 

Moreira et al., 2013). ʂʨʦʤʝ ʪʦʛʦ, ʩʫʨʘʤʠʥ ʧʨʝʜʦʪʚʨʘʱʘʣ ʧʦʚʨʝʞʜʝʥʠʝ ʤʳʮh mdx-ʤʳʝhʡ, 

ʚʳʟʚʘʥʥʦʝ ʬʠʟʠʯʝʩʢʠʤʠ ʫʧʨʘʞʥʝʥʠʷʤʠ (Taniguti et al., 2011). ʉʧʦʩʦʙʥʦʩʪʴ ʠʥʛʠʙʠʨʦʚʘʪʴ 
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ʘʢʪʠʚʥʦʩʪʴ TGF-ɓ ʠʤʝʝʪ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʡ ʧʨʝʧʘʨʘʪ ʠʤʘʪʠʥʠʙ ʤʝʟʠʣʘʪ. ʕʪʦʪ ʘʛʝʥʪ ʩʥʠʞʘʣ 

ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʠʙʨʦʟʘ ʠ ʫʣʫʯʰʘʣ ʤʳʝhʯʥʫʶ ʩʠʣʫ mdx-ʤʳʝhʡ (Huang et al., 2009). ʆʜʥʘʢʦ 

ʵʪʦʪ ʨʝʟʫʣʴʪʘʪ ʥʝ ʧʦʜʪʚʝʨʜʠʣʩʷ ʥʘ D2 mdx-ʤʳʘhʭ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʠʭ ʙʦʣʝʝ ʪʷʞʝʣʦʝ ʨʘʟʚʠʪʠʝ 

ʧʘʪʦʣʦʛʠʠ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʠʤʘʪʠʥʠʙ ʥʝ ʚʣʠʷʣ ʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʠʙʨʦʟʘ ʚ ʜʠʘʬʨʘʛʤʝ ʞʠʚʦʪʥʳʭ, 

ʠ, ʙʦʣʝʝ ʪʦʛʦ, ʦʢʘʟʳʚʘʣ ʧʦʙʦʯʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʤʳʮh  rʩʝʨʜʮʘ (Ito et al., 2013). 

CTGF ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʮʝʥʪʨʘʣʴʥʳʭ ʤʝʜʠʘʪʦʨʦʚ ʚ ʧʘʪʦʛʝʥʝʟʝ ʬʠʙʨʦʟʘ ʠ ʠʛʨʘʝʪ 

ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʧʨʦʣʠʬʝʨʘʮʠʠ ʬʠʙʨʦʙʣʘʩʪʦʚ, ʦʙʨʘʟʦʚʘʥʠʠ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ 

ʤʘʪʨʠʢʩʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʩʦʩʫʜʦʚ (Song et al., 2017). CTGF ʚʩʪʨʝʯʘʝʪʩʷ ʚ ʵʥʜʦʪʝʣʠʠ, ʛʣʘʜʢʠʭ 

ʤʳʮhʘʭ, ʬʠʙʨʦʙʣʘʩʪʘʭ ʠ ʭʨʷʱʝʚʦʡ ʪʢʘʥʠ. TGF-ɓ1 ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʪʴ ʫʨʦʚʝʥʴ 

ʵʢʩʧʨʝʩʩʠʠ CTGF ʚ ʬʠʙʨʦʙʣʘʩʪʘʭ ʯʝʣʦʚʝʢʘ (Ramazani et al., 2018). ɹʦʣʝʝ ʪʦʛʦ, CTGF 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʘʢʪʠʚʘʮʠʠ ʧʝʨʝʜʘʯʠ ʩʠʛʥʘʣʦʚ TGF-ɓ1 (Ramazani et al., 2018). ʇʦʢʘʟʘʥʦ, ʯʪʦ 

ʫʨʦʚʝʥʴ CTGF ʫ mdx-ʤʳʝhʡ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʣʠʯʝʩʪʚʦʤ ʦʯʘʛʦʚ ʥʝʢʨʦʟʘ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʚ 

ʜʠʩʪʨʦʬʠʯʝʩʢʠʭ ʤʳʮhʘʭ (Morales et al., 2018). ʂʨʦʤʝ ʪʦʛʦ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ mdx-ʤʳʠh ʩ 

ʥʦʢʘʫʪʦʤ CTGF ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʥʠʞʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʠ 

ʬʠʙʨʦʟʘ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ, ʘ ʪʘʢʞʝ ʫʣʫʯʝhʥʠʝʤ ʤʳʝhʯʥʦʡ ʩʠʣr (Morales et al., 2013). 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ CTGF ʠ TGF-ɓ1 ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʢʦʨʨʝʣʠʨʫʝʪ ʩ 

ʪʷʞʝʩʪʴʶ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʠ ʄɼɼ (Song et al., 2017). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ 

CTGF ʠʛʨʘʝʪ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʠʙʨʦʟʘ ʧʨʠ ʄɼɼ. ʕʪʦ ʪʘʢʞʝ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ CTGF ʤʦʞʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʤʠʰʝʥʠ ʜʣʷ ʣʝʯʝʥʠʷ ʄɼɼ. 

ɺ ʯʘʩʪʥʦʩʪʠ, ʘʛʝʥʪʦʤ, ʥʘʧʨʘʚʣʝʥʥʳʤ ʥʘ CTGF, ʷʚʣʷʝʪʩʷ ʤʦʥʦʢʣʦʥʘʣʴʥʦʝ ʘʥʪʠʪʝʣʦ FG-3019, 

ʢʦʪʦʨʦʝ ʧʨʝʧʷʪʩʪʚʫʝʪ ʜʝʡʩʪʚʠʶ CTGF ʧʫʪʝʤ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʙʣʦʢʠʨʦʚʘʥʠʷ ʜʦʤʝʥʘ VWC 

CTGF, ʪʝʨʷʶʱʝʛʦ ʩʧʦʩʦʙʥʦʩʪʴ ʘʢʪʠʚʠʨʦʚʘʪʴ TGF-ɓ1 ɼʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ, 

ʯʪʦ FG-3019 ʩʧʦʩʦʙʝʥ ʧʨʦʥʠʢʘʪʴ ʚ ʪʢʘʥʠ ʠ ʩʥʠʞʘʪ ɹʫʨʦʚʝʥʴ CTGF ʚ ʪʢʘʥʷʭ (Morales et al., 

2013). 

1.4.4.2. ʊʝʨʘʧʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʧʦʜʘʚʣʝʥʠʝ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʇʨʠ ʄɼɼ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʢʘʣʴʮʠʷ ʧʨʠʚʦʜʠʪ ʢ ʥʝʢʨʦʟʫ ʚʦʣʦʢʦʥ 

ʠ ʚʧʦʩʣʝʜʩʪʚʠʠ ʚʳʟʳʚʘʝʪ ʪʷʞʝʣʫʶ ʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʨʝʘʢʮʠʶ (Allen et al., 2016). ʕʪʦʪ ʧʨʦʮʝʩʩ ʚ 

ʦʩʥʦʚʥʦʤ ʦʧʦʩʨʝʜʫʝʪʩʷ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʩʠʛʥʘʣʴʥʳʤ ʧʫʪʝʤ NFkB (Altamirano et al., 2012). 

ʇʫʪʴ NFkB ʨʝʛʫʣʠʨʫʝʪʩʷ TNFŬ ʠ ʠʥʪʝʨʣʝʡʢʠʥʦʤ 6 (IL-6), ʢʦʪʦʨʳʝ ʦʪʚʝʯʘʶʪ ʟʘ ʩʙʦʨʢʫ 

ʩʫʙʲʝʜʠʥʠʮ ʢʘʪʘʣʠʪʠʯʝʩʢʦʛʦ ʢʦʤʧʣʝʢʩʘ ʢʠʥʘʟʳ I-kB (De Pasquale et al., 2012). ɸʢʪʠʚʘʮʠʷ NFkB 

ʠʥʜʫʮʠʨʫʝʪ ʧʝʨʝʤʝʱʝʥʠʝ ʛʝʪʝʨʦʜʠʤʝʨʘ p50/p65 ʚ ʷʜʨʦ ʠ ʧʦʩʣʝʜʫʶʱʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ ʛʝʥʦʚ, 

ʢʦʜʠʨʫʶʱʠʭ ʮʠʪʦʢʠʥʳ ʠ ʬʘʢʪʦʨʳ, ʫʯʘʩʪʚʫʶʱʠʝ ʚ ʠʤʤʫʥʥʦʤ ʦʪʚʝʪʝ (Baldwin, 2001).  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘ ̫ʪʝʨʘʧʠʷ ʧʨʠ ʄɼɼ ʟʘʢʣʶʯʘʝʪʩʷ ʚ ʜʣʠʪʝʣʴʥʦʤ 

ʧʨʠʝʤʝ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ, ʪʘʢʠʭ ʢʘʢ ʧʨʝʜʥʠʟʦʥ, ʧʨʝʜʥʠʟʦʣʦʥ, ʜʝʬʣʘʟʘʢʦʨʪ ʠ ʚʘʤʦʨʦʣʦʥ, 
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ʢʦʪʦʨʳʝ ʧʦʜʘʚʣʷʶʪ ʧʫʪɹ NFkB (St-Pierre et al., 2004; Biggar et al., 2006). ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ ʧʨʦʜʣʝʚʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʮʠʝʥʪʦʚ ʩʘʤʦʩʪʦʷʪʝʣʴʥʦ 

ʧʝʨʝʜʚʠʛʘʪʴʩʷ ʠ ʫʣʫʯʰʘʝʪ ʩʝʨʜʝʯʥʦ-ʣʝʛʦʯʥʫʶ ʬʫʥʢʮʠʶ (Hammers et al., 2020). ʆʜʥʘʢʦ 

ʜʣʠʪʝʣʴʥʦʝ ʣʝʯʝʥʠʝ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘʤʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʝʨʴʝʟʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, 

ʪʘʢʠʤʠ ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʚʝʩʘ ʠ ʘʨʪʝʨʠʘʣʴʥʘʷ ʛʠʧʝʨʪʝʥʟʠʷ (Matthews et al., 2016). ʄʝʭʘʥʠʟʤ 

ʜʝʡʩʪʚʠʷ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ ʩʭʦʞ, ʪʝʤ ʥʝ ʤʝʥʝʝ ʚʩʝ ʞʝ ʩʫʱʝʩʪʚʫʶʪ ʨʘʟʣʠʯʠʷ ʚ ʠʭ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʚʳʨʘʞʝʥʥʦʩʪʠ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ. ʅʘʧʨʠʤʝʨ, ʧʨʝʜʥʠʟʦʥ ʧʨʝʚʦʩʭʦʜʠʪ 

ʧʨʝʜʥʠʟʦʣʦʥ ʠ ʜʝʬʣʘʟʘʢʦʨʪ ʠ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʧʦʚʳʰʘʝʪ ʤʳʝhʯʥʫʶ ʩʠʣʫ ʠ ʣʝʛʦʯʥʫʶ 

ʬʫʥʢʮʠ ʁ (Gloss et al., 2016). ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʝʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʧʨʠʚʦʜʠʪ ʢ ʤʝʥʝʝ 

ʚʳʨʘʞʝʥʥʦʤʫ ʫʚʝʣʠʯʝʥʠ ʁ ʚʝʩʘ ʧʘʮʠʝʥʪʦʚ, ʯʝʤ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʣʝʯʝʥʠʷ 

ʧʨʝʜʥʠʟʦʣʦʥʦʤ (Matthews et al., 2016). ʅʘʠʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʝ ʧʦʙʦʯʥʳʝ ʵʬʬʝʢʪʳ ʭʘʨʘʢʪʝʨʥʳ 

ʜʣʷ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘ ʚʘʤʦʨʦʣʦʥʘ (Sreetama et al., 2018).  

ɺ ʢʘʯʝʩʪʚʝ ʦʜʥʦʡ ʠʟ ʤʠʰʝʥʝʡ ʜʣʷ ʩʥʠʞʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʩʧʘʣʝʥʠʷ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ 

ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʮʠʪʦʢʠʥ TNFŬ (Grounds and Torrisi, 2004). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫ mdx-ʤʳʝhʡ 

TNFŬ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʥʝʢʨʦʟʘ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ (de Senzi Moraes Pinto et al., 2013). 

ʇʨʠʤʝʥʝʥʠʝ ʨʝʤʠʢʝʡʜʘ, ʩʧʦʩʦʙʥʦʛʦ ʙʣʦʢʠʨʦʚʘʪʴ ʩʠʛʥʘʣʴʥʳʡ ʧʫʪʴ TNFŬ, ʟʥʘʯʠʪʝʣʴʥʦ 

ʫʚʝʣʠʯʠʣʦ ʤʳʝhʯʥʫʶ ʩʠʣʫ, ʘ ʪʘʢʞʝ ʩʥʠʞʘʣʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʬʠʙʨʦʟʘ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʠ 

ʩʝʨʜʮʝ ʤʦʜʝʣʴʥʳʭ mdx-ʤʳʝhʡ (Grounds and Torrisi, 2004; Ermolova et al., 2014). ʆʜʥʘʢʦ 

ʜʣʠʪʝʣʴʥʦʝ ʙʣʦʢʠʨʦʚʘʥʠʝ ʘʢʪʠʚʥʦʩʪʠ TNFŬ ʧʨʠʚʝʣʦ ʢ ʥʝʙʣʘʛʦʧʨʠʷʪʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʬʫʥʢʮʠʠ 

ʩʝʨʜʮʘ (Ermolova et al., 2014). 

ʊʘʤʦʢʩʠʬʝʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʝʣʝʢʪʠʚʥʳʡ ʤʦʜʫʣʷʪʦʨ ʵʩʪʨʦʛʝʥʦʚʳʭ ʨʝʮʝʧʪʦʨʦʚ, 

ʩʧʦʩʦʙʥʳʭ ʣʠʙʦ ʠʤʠʪʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʵʩʪʨʦʛʝʥʦʚ, ʣʠʙʦ ʙʣʦʢʠʨʦʚʘʪʴ ʠʭ ʬʫʥʢʮʠʶ (Dorchies 

et al., 2013). ʇʨʠʤʝʥʝʥʠʝ ʪʘʤʦʢʩʠʬʝʥʘ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥ ̫ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ 

ʮʠʪʦʢʠʥʦʚ ʠ ʬʘʢʪʦʨʦʚ ʨʦʩʪʘ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʬʠʙʨʦʟʝ ʤʳʮh, ʪʘʢʠʭ ʢʘʢ TGF-ɓ, 

ʠʥʩʫʣʠʥʦʧʦʜʦʙʥʦʛʦ ʬʘʢʪʦʨʘ ʨʦʩʪʘ 1 (IGF1) ʠ ʦʩʪʝʦʧʦʥʪʠʥʘ (Nagy et al., 2019). ʂʨʦʤʝ ʪʦʛʦ, ʝʛʦ 

ʜʝʡʩʪʚʠʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʧʦʩʦʙʥʦʩʪʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮh ʧʦʛʣʦʱʘʪʴ ʢʘʣʴʮʠʡ ʠʟ ʤʠʦʧʣʘʟʤʳ (Nagy et al., 2019). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʤʦʢʩʠʬʝʥ 

ʫʣʫʯʰʘʝʪ ʤʳʝhʯʥʫʶ ʩʠʣʫ ʠ ʚʳʥʦʩʣʠʚʦʩʪʴ mdx-ʤʳʝhʡ (Dorchies et al., 2013). ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʪʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʪʘʤʦʢʩʠʬʝʥ ʥʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʝ ʤʳʮhʳ 

ʥʝ ʚʳʷʩʥʝʥ, ʧʨʠ ʵʪʦʤ ʩʫʱʝʩʪʚʫʶʪ ʦʧʘʩʝʥʠʷ ʧʦ ʧʦʚʦʜʫ ʚʦʟʤʦʞʥʳʭ ʦʥʢʦʛʝʥʥʳʭ ʧʦʙʦʯʥʳʭ 

ʵʬʬʝʢʪʦʚ ʧʨʠ ʜʦʣʛʦʩʨʦʯʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʧʨʝʧʘʨʘʪʘ (Vitiello et al., 2019). 

ɽʱʝ ʦʜʥʦʡ ʚʦʟʤʦʞʥʦʡ ʩʪʨʘʪʝʛʠʝʡ ʧʦʜʘʚʣʝʥʠʷ ʵʢʩʧʨʝʩʩʠʠ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʛʝʥʦʚ ʧʨʠ 

ʄɼɼ ʷʚʣʷʝʪʩʷ ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟʳ (Nguyen-Tran et al., 2014). ɻʠʚʠʥʦʩʪʘʪ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʠʥʛʠʙʠʪʦʨ ʛʠʩʪʦʥʜʝʘʮʝʪʠʣʘʟʳ, ʨʘʟʨʘʙʦʪʘʥʥʳʡ ʜʣʷ ʣʝʯʝʥʠʷ ʄɼɼ (Bettica et 

al., 2016). ʇʨʠʤʝʥʝʥʠʝ ʛʠʚʠʥʦʩʪʘʪʘ ʜʣʷ ʣʝʯʝʥʠʷ ʧʘʪʦʣʦʛʠʠ mdx-ʤʳʝhʡ ʚʳʷʚʠʣʦ ʧʦʣʦʞʠʪʝʣʴʥʳʝ 
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ʵʬʬʝʢʪʳ, ʢʦʪʦʨʳʝ ʟʘʢʣʶʯʘʣʠʩʴ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ ʧʦʧʝʨʝʯʥʦʛʦ ʩʝʯʝʥʠʷ ʤʳʝhʯʥʳʭ 

ʚʦʣʦʢʦʥ, ʚʦʩʩʪʘʥʦʚʣʝʥʠʠ ʤʳʝhʯʥʦʡ ʩʠʣʳ, ʫʤʝʥʴʰʝʥʠʠ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʠʥʬʠʣʴʪʨʘʪʘ ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʠ ʦʙʨʘʟʦʚʘʥʠʷ ʬʠʙʨʦʟʥʳʭ ʨʫʙʮʦʚ (Colussi et al., 2008). 

1.4.4.3. ʊʝʨʘʧʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ  

ʂʘʢ ʫʢʘʟʘʥʦ ʚ ʛʣʘʚʘʭ 1.2.3 ʠ 1.2.4, ʨʘʟʚʠʪʠʝ ʄɼɼ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤʠ 

ʥʘʨʫʰʝʥʠʷʤʠ ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ ʛʦʤʝʦʩʪʘʟʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. ʕʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʢʘʢ ʜʠʩʨʝʛʫʣʷʮʠʝʡ ʠʦʥʥʳʭ ʢʘʥʘʣʦʚ ʩʘʨʢʦʣʝʤʤʳ ʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʦʨʛʘʥʝʣʣ, ʪʘʢ ʠ 

ʥʘʨʫʰʝʥʠʝʤ ʬʫʥʢʮʠʠ ʩʠʩʪʝʤ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʙʫʬʝʨʠʟʘʮʠʠ ʠʦʥʦʚ ʚ ʤʠʦʧʣʘʟʤʝ ʠ ʣʶʤʝʥʝ 

ʦʨʛʘʥʝʣʣ. ʇʨʠ ʵʪʦʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʘʷ ʠʣʠ ʛʝʥʝʪʠʯʝʩʢʘʷ ʤʦʜʫʣʷʮʠʷ ʵʪʠʭ ʢʘʥʘʣʦʚ ʠ ʩʠʩʪʝʤ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʦʙʣʝʛʯʝʥʠʶ ʧʘʪʦʣʦʛʠʠ ʄɼɼ. ɼʘʥʥʳʝ, ʫʢʘʟʳʚʘʶʠɦʝ ʥʘ ʵʪʦ, ʧʨʠʚʝʜʝʥʳ ʚ ʛʣʘʚʘʭ 

1.2.3 ʠ 1.2.4, ʘ ʪʘʢʞʝ ʩʫʤʤʠʨʦʚʘʥʳ ʚ ʪʘʙʣʠʮʝ 2. 

ʊʘʙʣʠʮʘ 2 ï ʀʦʥʥʳʝ ʢʘʥʘʣʳ ʠ ʜʝʬʝʢʪʳ ʤʝʤʙʨʘʥ ʧʨʠ ʄɼɼ ʠ ʠʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʤʦʜʫʣʷʪʦʨʳ 

ʄʠʰʝʥɹ 
ʌʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʡ 

ʘʛʝʥʪ 
ʄʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ 

ʆʙʲʝʢʪ 

ʠʩʩʣʝʜʦʚʘʥʠʷ 
ʉʩʳʣʢʠ 

ʈʘʟʨʳʚʳ 

ʤʝʤʙʨʘʥ 

Poloxamer 188 ɻʝʨʤʝʪʠʟʠʨʫʝʪ 

ʨʘʟʨʳʚʳ ʚ ʩʘʨʢʦʣʝʤʤʝ 

ɼʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʝ 

ʩʦʙʘʢʠ, mdx- ʠ 

mdx/utrnï/ï-ʤʳʠh 

Townsend et al., 

2010; 

Houang et al., 2015;  

Markham et al., 

2015 

TRPC3 Pyr10 ʇʨʝʜʦʪʚʨʘʱʘʝʪ 

ʢʘʣʴʮʠʝʚʫʶ 

ʧʝʨʝʛʨʫʟʢʫ 

DMD ʢʨʳʩʳ Creismeas et al., 

2021 

TRPC6 BI 749327 ʇʨʝʜʦʪʚʨʘʱʘʝʪ 

ʢʘʣʴʮʠʝʚʫʶ 

ʧʝʨʝʛʨʫʟʢʫ 

mdx/utrnï/ï-ʤʳʠh Lin et al., 2022 

CaV ʢʘʥʘʣʳ 

L-ʪʠʧʘ 

ɼʠʣʪʠʘʟʝʤ, ʚʝʨʘʧʘʤʠʣ, 

ʥʠʬʝʜʠʧʠʥ 

ʇʨʝʜʦʪʚʨʘʱʘʝʪ 

ʢʘʣʴʮʠʝʚʫʶ 

ʧʝʨʝʛʨʫʟʢʫ 

mdx-ʤʳʠh Matsumura et al., 

2009; 

Altamirano et al., 

2013 

P2X7 ʂʫʤʘʩʩʠ ʙʨʠʣʣʠʘʥʪʦʚʳʡ 

ʩʠʥʠʡ G 250, ʦʢʠʩʣʝʥʥʳʡ 

ATʌ, ʩʫʨʘʤʠʥ 

ʇʨʝʜʦʪʚʨʘʱʘʝʪ 

ʢʘʣʴʮʠʝʚʫʶ 

ʧʝʨʝʛʨʫʟʢʫ 

mdx-ʤʳʠh, 

BIO14.6 ʭʦʤʷʢʠ 

Iwata et al., 2007; 

Taniguti et al., 2011; 

 Gazzerro et al., 

2015; 

Sinadinos et al., 

2015 

STIM1-

Orai1 

AnCoA4, CM4620, ʠ 

GSK7975A 

ʋʤʝʥʴʰʘʝʪ Orai1-

ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʚʭʦʜ 

Ca2+ ʚ ʤʠʦʧʣʘʟʤʫ 

ʄʠʦʪʫʙʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʦʪ 

ʧʘʮʠʝʥʪʦʚ 

Uchimura et al., 

2021 

NaV1.4 ʊʝʪʨʦʜʦʪʦʢʩʠʥ ʇʨʝʜʦʪʚʨʘʱʘʝʪ 

ʥʘʪʨʠʝʚʫʶ ʧʝʨʝʛʨʫʟʢʫ 

mdx-ʤʳʠh Hirn et al., 2008 

NHE ʂʘʨʠʧʦʨʠʜ, 5-(N-ʵʪʠʣ-N-

ʠʟʦʧʨʦʧʠʣ)ʘʤʠʣʦʨʠʜ, 

ʨʠʤʝʧʦʨʠʜ 

ʇʨʝʜʦʪʚʨʘʱʘʝʪ 

ʥʘʪʨʠʝʚʫʶ ʧʝʨʝʛʨʫʟʢʫ 

mdx-ʤʳʠh, 

BIO14.6 ʭʦʤʷʢʠ, 

ʧʘʮʠʝʥʪʳ 

Iwata et al., 2007; 

Previtali et al., 2020 
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SERCA1 

ʠʣʠ 

SERCA2a 

AAV.SERCA ʉʚʝʨʭʵʢʩʧʨʝʩʩʠʨʫʝʪ 

SERCA ʠ ʫʣʫʯʰʘʝʪ 

ʧʦʛʣʦʱʝʥʠʝ ʢʘʣʴʮʠʷ 

ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤ 

ʨʝʪʠʢʫʣʫʤʦʤ. 

mdx- ʠ mdx/utrnï/ï- 

ʤʳʠh 

Goonasekera et al., 

2011; 

Mazala et al., 2015; 

Wasala et al., 2020 

SLN AAV.SLN ʇʦʜʘʚʣʷʝʪ SLN ʠ 

ʘʢʪʠʚʠʨʫʝʪ SERCA 

mdx/utrnï/ï-ʤʳʠh Voit et al., 2017 

RyR Rycal ʋʣʫʯʰʘʝʪ ʩʚʷʟʳʚʘʥʠʷ 

ʢʘʣʩʪʘʙʠʥʘ ʩ RyR ʠ 

ʧʨʝʜʦʪʚʨʘʱʝʘʝʪ 

ʫʪʝʯʢʫ Ca2+ ʯʝʨʝʟ RyR  

mdx-ʤʳʠh, 

ʤʠʦʪʫʙʳ ʠ 

ʢʘʨʜʠʦʤʠʦʮʠʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʦʪ 

ʧʘʮʠʝʥʪʦʚ 

Capogrosso et al., 

2018; 

Barthelemy et al., 

2019; 

Meyer et al., 2021 

VDAC VDAC ʧʝʧʪʠʜ ʇʨʝʜʦʪʚʨʘʱʘʝʪ 

ʦʪʢʨʳʪʠʝ VDAC ʠ 

ʚʦʩʩʪʘʥʘʚʣʠʚʘʝʪ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ 

ʤʝʤʙʨʘʥʥʳʡ 

ʧʦʪʝʥʮʠʘʣ 

mdx-ʤʳʠh Viola et al., 2014 

IP3R ʂʩʝʩʪʦʩʧʦʥʛʠʥ C ʀʥʛʠʙʠʨʫʝʪ IP3R ʠ 

ʧʨʝʜʦʪʚʨʘʱʘʝʪ 

ʢʘʣʴʮʠʝʚʫʶ 

ʧʝʨʝʛʨʫʟʢʫ 

mdx-ʤʳʠh Altamirano et al., 

2012; 

Mijares et al., 2014 

1.4.4.4. ʊʝʨʘʧʠʷ, ʥʘʧʨʘʚʣʝʥʥʘʷ ʥʘ ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ  

ʆʢʠʩʣʠʪʝʣʴʥʳʡ ʩʪʨʝʩʩ ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʦʪʣʠʯʠʪʝʣʴʥʳʭ ʧʨʠʟʥʘʢʦʚ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʤʳʮh. ʇʝʨʝʛʨʫʟʢʘ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʩʠʣʝʥʠʶ 

ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʠ ʨʘʟʚʠʪʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ (Allen et al., 2016). ɼʣʷ ʩʤʷʛʯʝʥʠʷ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʧʦʚʨʝʞʜʝʥʠʷ ʢʣʝʪʦʢ ʠʩʧʦʣʴʟʫʶʪʩʷ ʘʥʪʠʦʢʩʠʜʘʥʪʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʢʦʵʥʟʠʤ Q10 

(CoQ10) ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʧʦʪʝʥʮʠʘʣʴʥʳʭ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʩʥʠʞʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʧʨʠ ʄɼɼ (Spurney et al., 2011). CoQ10, ʷʚʣʷʷʩʴ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ, ʩʥʠʞʘʝʪ ʧʨʦʜʫʢʮʠʶ ʩʚʦʙʦʜʥʳʭ ʨʘʜʠʢʘʣʦʚ, ʘ ʪʘʢʞʝ ʥʦʨʤʘʣʠʟʫʝʪ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ Ca2+ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʧʨʠ ʄɼɼ (Mizobuti et al., 2019). 

ʂʨʦʤʝ ʪʦʛʦ, ʵʢʟʦʛʝʥʥʳʡ CoQ10 ʧʦʚʳʰʘʝʪ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʅɸɼʅ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ 

ʦʙʝʩʧʝʯʠʚʘʷ ʤʳʮhr  ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʵʥʝʨʛʠʝʡ (Mizobuti et al., 2019). ɼʦʢʣʠʥʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʳʷʚʠʣʠ, ʯʪʦ ʚʚʝʜʝʥʠʝ CoQ10 mdx-ʤʳʘhʤ ʙʦʣʝʝ ʯʝʤ ʥʘ 40% ʫʚʝʣʠʯʠʚʘʝʪ 

ʧʦʢʘʟʘʪʝʣʠ ʤʳʝhʯʥʦʡ ʩʠʣʳ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʞʠʚʦʪʥʳʭ (Mizobuti et al., 2019). 3 ʬʘʟʘ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʘ, ʯʪʦ CoQ10 ʤʦʞʝʪ ʧʨʝʜʦʪʚʨʘʪʠʪʴ ʧʦʪʝʨʶ ʜʳʭʘʪʝʣʴʥʦʡ 

ʬʫʥʢʮʠʠ ʫ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʄɼɼ. ʇʨʠʨʦʜʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ 

ʙʝʟʦʧʘʩʥʦʩʪʴ CoQ10 ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʝʛʦ ʚ ʢʘʯʝʩʪʚʝ ʧʦʪʝʥʮʠʘʣʴʥʦʛʦ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʘʛʝʥʪʘ, ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʨʦʚʥʷ ɸʌʂ ʧʨʠ ʄɼɼ (Salehi et al., 2017).  

ʊʘʢʞʝ ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ ʩʠʥʪʝʪʠʯʝʩʢʠʡ ʙʝʥʟʦʭʠʥʦʥ ʠʜʝʙʝʥʦʥ, ʩʥʠʞʘʶʱʠʡ ʫʨʦʚʝʥʴ ɸʌʂ 

ʠ ʫʣʫʯʰʘʶʱʠʡ ʬʫʥʢʮʠʶ ʤʠʪʦʭʦʥʜʨʠʡ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʠ ʬʫʥʢʮʠʠ 
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ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʮh (Servais et al., 2020). ʀʜʝʙʝʥʦʥ ʧʨʦʷʚʠʣ ʩʚʦʡʩʪʚʘ 

ʢʘʨʜʠʦʧʨʦʪʝʢʪʦʨʘ ʠ ʫʣʫʯʰʠʣ ʬʠʟʠʯʝʩʢʫʶ ʩʠʣʫ mdx-ʤʳʝhʡ (Buyse et al., 2009). 3 ʬʘʟʘ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ (NCT01027884) ʚʳʷʚʠʣʘ ʤʦʜʠʬʠʮʠʨʫʶʱʝʝ ʚʣʠʷʥʠʝ ʠʜʝʙʝʥʦʥʘ ʥʘ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʨʘʥʥʠʭ ʩʠʤʧʪʦʤʦʚ ʄɼɼ. ʊʝʤ ʥʝ ʤʝʥʝʝ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʣʫʯʰʝʥʠʷ ʩʠʣʳ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʦʪʤʝʯʝʥʦ ʥʝ ʙʳʣʦ (Buyse et al., 2015). 

ʄʦʞʥʦ ʪʘʢʞʝ ʦʪʤʝʪʠʪʴ ʧʨʠʤʝʥʝʥʠʝ N-ʘʮʝʪʠʣʮʠʩʪʝʠʥʘ, ʷʚʣʷʶʱʝʛʦʩʷ ʵʥʜʦʛʝʥʥʳʤ 

ʘʥʪʠʦʢʩʠʜʘʥʪʦʤ (McKenna et al., 2006). ʅʝʩʢʦʣʴʢʦ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ 

ʚʚʝʜʝʥʠʝ N-ʘʮʝʪʠʣʮʠʩʪʝʠʥʘ ʤʦʞʝʪ ʫʤʝʥʴʰʠʪʴ ʜʠʩʪʨʦʬʠʯʝʩʢʫʶ ʧʘʪʦʣʦʛʠʶ ʢʘʢ ʚ ʩʢʝʣʝʪʥʳʭ, ʪʘʢ 

ʠ ʚ ʩʝʨʜʝʯʥʳʭ ʤʳʮhʘʭ mdx-ʤʳʝhʡ (Whitehead et al., 2008; Fauconnier et al., 2010; Terrill et al., 

2012; de Senzi Moraes Pinto et al., 2013). ʆʜʥʘʢʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʘʥʪʠʦʢʩʠʜʘʥʪʘ ʪʘʢʞʝ 

ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʜʘʚʣʝʥʠʝʤ ʧʨʠʨʦʩʪʘ ʤʘʩʩʳ ʪʝʣʘ ʠ ʤʳʝhʯʥʦʡ ʤʘʩʩʳ 

ʞʠʚʦʪʥʳʭ (Pinniger et al., 2017), ʯʪʦ ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʠʟʫʯʝʥʠʷ. 

ɸʥʘʣʠʟ ʜʘʥʥʳʭ ʣʠʪʝʨʘʪʫʨʳ ʧʦʢʘʟʳʚʘʝʪ, ʯʪʦ ʜʠʩʪʨʦʬʠʥ ʠʛʨʘʝʪ ʢʦʤʧʣʝʢʩʥʫʶ ʨʦʣʴ ʚ 

ʤʳʝhʯʥʦʡ ʪʢʘʥʠ, ʷʚʣʷʷʩʴ ʥʝ ʪʦʣʴʢʦ çʛʨʫʙʳʤè ʢʘʨʢʘʩʦʤ, ʧʦʜʜʝʨʞʠʚʘʶʱʠʤ ʮʝʣʦʩʪʥʦʩʪʴ 

ʤʳʝhʯʥʦʛʦ ʚʦʣʦʢʥʘ ʚʦ ʚʨʝʤʷ ʘʢʪʘ ʩʦʢʨʘʱʝʥʠʷ ʠ ʝʛʦ ʢʦʨʨʝʢʪʥʫʶ ʣʦʢʘʣʠʟʘʮʠʶ ʚ ʪʢʘʥʠ, ʥʦ ʠ 

ʚʳʧʦʣʥʷʶʱʠʤ ʢʦʦʨʜʠʥʠʨʫʶʱʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʘʭ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʤʳʮhʘʭ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʙʣʘʛʦʜʘʨʷ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤ ʧʨʷʤʳʤ ʠ ʢʦʩʚʝʥʥʳʤ (ʯʝʨʝʟ ʢʦʤʧʦʥʝʥʪʳ ɼɸɹʂ ʠ 

ʮʠʪʦʩʢʝʣʝʪʘ) ʩʚʷʟʷʤ, ʜʠʩʪʨʦʬʠʥ ʫʯʘʩʪʚʫʝʪ ʚ ʨʝʛʫʣʷʮʠʠ ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ 

ʤʝʪʘʙʦʣʠʟʤʘ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ, ʧʦʜʜʝʨʞʠʚʘʝʪ ʠʭ ʦʢʠʩʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʡ ʩʪʘʪʫʩ, 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʦʪʝʨʷ 

ʜʠʩʪʨʦʬʠʥʘ, ʥʘʙʣʶʜʘʝʤʘʷ ʧʨʠ ʄɼɼ, ʧʨʠʚʦʜʠʪ ʢ ʢʘʪʘʩʪʨʦʬʠʯʝʩʢʠʤ ʧʦʩʣʝʜʩʪʚʠʷʤ ʜʣʷ 

ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʟʘʪʨʘʛʠʚʘʝʪ ʜʨʫʛʠʝ ʪʢʘʥʠ ʦʨʛʘʥʠʟʤʘ, ʩʧʦʩʦʙʩʪʚʫʷ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ 

ʢʘʯʝʩʪʚʘ ʞʠʟʥʠ ʧʘʮʠʝʥʪʦʚ ʠ ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʠ ʠʭ ʞʠʟʥʠ. ʕʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʠ ʥʘ ʤʦʜʝʣʴʥʳʭ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ. ʇʨʠ ʵʪʦʤ ʥʝʦʙʭʦʜʠʤʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʄɼɼ ʥʝ ʜʝʤʦʥʩʪʨʠʨʫʝʪ 

ʵʤʙʨʠʦʥʘʣʴʥʦʡ ʣʝʪʘʣʴʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʚ ʨʷʜʝ ʩʣʫʯʘʝʚ ʠʤʝʝʪ ʤʝʩʪʦ 

ʘʜʘʧʪʠʚʥʦʝ ʧʝʨʝʧʨʦʛʨʘʤʤʠʨʦʚʘʥʠʝ ʤʥʦʛʠʭ ʩʠʩʪʝʤ ʦʨʛʘʥʠʟʤʘ. ʂ ʩʦʞʘʣʝʥʠʶ, ʵʪʠ ʧʝʨʝʩʪʨʦʡʢʠ 

ʯʘʩʪʦ ʚʳʛʣʷʜʷʪ ʥʝʜʦʩʪʘʪʦʯʥʳʤʠ ʠ ʥʝ ʧʨʠʚʦʜʷʪ ʢ ʫʣʫʯʰʝʥʠʶ ʩʪʨʫʢʪʫʨʳ ʠ ʬʫʥʢʮʠʠ ʤʳʝhʯʥʦʡ 

ʪʢʘʥʠ. 

ɺ ʧʦʩʣʝʜʥʝʝ ʜʝʩʷʪʠʣʝʪʠʝ ʨʘʟʨʘʙʦʪʘʥʦ ʤʥʦʞʝʩʪʚʦ ʚʘʨʠʘʥʪʦʚ ʪʝʨʘʧʠʠ ʄɼɼ, ʥʘʧʨʘʚʣʝʥʥʦʡ 

ʢʘʢ ʥʘ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʫʨʦʚʥʷ ʜʠʩʪʨʦʬʠʥʘ ʚ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ, ʪʘʢ ʠ ʥʘ ʫʩʪʨʘʥʝʥʠʝ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʪʦʨʠʯʥʳʭ ʧʦʩʣʝʜʩʪʚʠʡ ʨʘʟʚʠʪʠʷ ʵʪʦʡ ʧʘʪʦʣʦʛʠʠ. ʆʜʥʠʤ ʠʟ ʤʘʣʦʠʟʫʯʝʥʥʳʭ 

ʘʩʧʝʢʪʦʚ, ʦʙʣʘʜʘʶʱʠʭ ʟʥʘʯʠʪʝʣʴʥʳʤ ʧʦʪʝʥʮʠʘʣʦʤ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ, ʷʚʣʷʝʪʩʷ ʦʮʝʥʢʘ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ-ʥʘʧʨʘʚʣʝʥʥʦʡ ʪʝʨʘʧʠʠ ʥʘ ʨʘʟʚʠʪʠʝ ʄɼɼ. ʀʥʪʝʨʝʩ ʢ ʵʪʦʡ ʪʝʤʝ ʟʥʘʯʠʪʝʣʴʥʦ 

ʚʦʟʨʦʩ ʚ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʚʳʷʚʣʝʥʠʝʤ ʥʦʚʳʭ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʤʠʰʝʥʝʡ ʚ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʦʤʧʘʨʪʤʝʥʪʘʭ ʵʪʠʭ ʦʨʛʘʥʝʣʣ, ʤʦʜʫʣʷʮʠʷ ʘʢʪʠʚʥʦʩʪʠ ʢʦʪʦʨʳʭ ʩ ʧʦʤʦʱʴʶ 
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ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠ ʛʝʥʝʪʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ ʧʦʟʚʦʣʷʝʪ ʪʦʥʢʦ ʨʝʛʫʣʠʨʦʚʘʪʴ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʢʣʝʪʦʢ. ʋʯʠʪʳʚʘʷ ʮʝʥʪʨʘʣʴʥʫʶ ʨʦʣʴ ʤʠʪʦʭʦʥʜʨʠʡ ʚ 

ʵʥʝʨʛʦʦʙʝʩʧʝʯʝʥʠʠ ʢʣʝʪʢʠ, ʠʭ ʫʯʘʩʪʠʝ ʚ ʨʝʛʫʣʷʮʠʠ ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʧʨʦʜʫʢʮʠʠ ɸʌʂ, 

ʧʝʨʝʜʘʯʝ ʩʠʛʥʘʣʦʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠʥʜʫʮʠʨʫʶʱʠʭ ʨʘʟʣʠʯʥʳʝ ʧʫʪʠ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ, ʘ ʪʘʢʞʝ 

ʠʟʚʝʩʪʥʳʝ ʜʘʥʥʳʝ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʝ ʦ ʜʠʩʬʫʥʢʮʠʠ ʵʪʠʭ ʦʨʛʘʥʝʣʣ ʧʨʠ ʄɼɼ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʢʦʨʨʝʢʮʠʷ ʠʭ ʨʘʙʦʪʳ ʧʦʟʚʦʣʠʪ ʥʦʨʤʘʣʠʟʦʚʘʪʴ ʠʣʠ ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʟʘʤʝʜʣʠʪʴ ʨʘʟʚʠʪʠʝ 

ʧʘʪʦʣʦʛʠʠ. 

1.4.5. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʦʡ ʤʦʜʝʣʠ mdx-ʤʳʰʝʡ 

ʄʦʜʝʣʴʥʳʝ ʞʠʚʦʪʥʳʝ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤ ʠʥʩʪʨʫʤʝʥʪʦʤ, ʥʝʦʙʭʦʜʠʤʳʤ ʢʘʢ ʜʣʷ 

ʚʳʷʩʥʝʥʠʷ ʧʘʪʦʛʝʥʝʟʘ ʟʘʙʦʣʝʚʘʥʠʡ, ʪʘʢ ʠ ʜʣʷ ʦʮʝʥʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʝʪʦʜʦʚ ʪʝʨʘʧʠʠ. ɺ 

ʧʨʝʜʳʜʫʱʠʭ ʛʣʘʚʘʭ ʣʠʪʝʨʘʪʫʨʥʦʛʦ ʦʙʟʦʨʘ ʙʳʣʠ ʦʪʤʝʯʝʥʳ ʨʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ 

ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʷʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ. ʂʘʞʜʘʷ ʠʟ ʵʪʠʭ ʤʦʜʝʣʝʡ ʠʤʝʝʪ ʩʚʦʠ 

ʦʩʦʙʝʥʥʦʩʪʠ, ʢʦʪʦʨʳʝ ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳʚʘʪʴ ʧʨʠ ʧʣʘʥʠʨʦʚʘʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʨʝʟʫʣʴʪʘʪʦʚ. ʇʦʞʘʣʫʡ, ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʤ ʤʦʜʝʣʴʥʳʤ ʦʙʲʝʢʪʦʤ ʷʚʣʷʝʪʩʷ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʘ ̫ʤʳʰʴ, ʢʦʪʦʨʘʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʠʟʫʯʝʥʠʷ ʤʝʪʦʜʦʚ ʣʝʯʝʥʠʷ ʄɼɼ. ʕʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ ʥʝʩʢʦʣʴʢʠʤʠ ʧʨʠʯʠʥʘʤʠ: ʵʪʠ ʞʠʚʦʪʥʳʝ ʥʝ ʪʨʝʙʫʶʪ ʩʣʦʞʥʦʛʦ ʫʭʦʜʘ, ʠʤʝʶʪ 

ʥʝʙʦʣʴʰʦʡ ʨʘʟʤʝʨ ʪʝʣʘ, ʟʘʪʨʘʪʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʠʭ ʩʦʜʝʨʞʘʥʠʝʤ, ʷʚʣʷʶʪʩʷ ʧʨʠʝʤʣʝʤʳʤʠ. 

ɺʘʞʥʳʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʤʳʝhʡ ʷʚʣʷʝʪʩʷ ʠʭ ʙʳʩʪʨʦʝ ʨʘʟʚʝʜʝʥʠʝ (21 ʜʝʥʴ). ʂʨʦʤʝ ʪʦʛʦ, ʛʝʥʦʤ 

ʤʳʠh ʭʦʨʦʰʦ ʠʟʫʯʝʥ ʠ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʩʨʘʚʥʠʤ ʩ ʛʝʥʦʤʦʤ ʯʝʣʦʚʝʢʘ (Waterston et al., 

2002). 

ʇʝʨʚʳʝ ʤʳʠh ʩ ʜʝʬʠʮʠʪʦʤ ʜʠʩʪʨʦʬʠʥʘ, ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʚ ʧʨʠʨʦʜʝ, ʙʳʣʠ ʩʣʫʯʘʡʥʦ 

ʦʙʥʘʨʫʞʝʥʳ ʚ 1984 ʛ. (Bulfield et al., 1984) ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ ʧʦ ʚʳʷʚʣʝʥʠʶ ʤʫʪʘʥʪʦʚ, 

ʦʪʣʠʯʘʶʱʠʭʩʷ ʘʢʪʠʚʥʦʩʪʴʶ ʛʣʠʢʦʣʠʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ. ʕʪʘ ʤʦʜʝʣʴ ʤʳʠh C57BL/10ScSn-

Dmdmdx/J ʥʝʩʝʪ ʥʦʥʩʝʥʩ-ʤʫʪʘʮʠʶ ʚ ʵʢʟʦʥʝ 23 ʛʝʥʘ DMD, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ 

ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʩʪʦʧ-ʢʦʜʦʥʘ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʢ ʦʪʩʫʪʩʪʚʠʶ ʧʦʣʥʦʨʘʟʤʝʨʥʦʛʦ ʜʠʩʪʨʦʬʠʥʘ ʫ 

ʪʘʢʠʭ ʤʳʝhʡ. 

ʆʙʱʘʷ ʧʨʦʙʣʝʤʘ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʤʦʜʝʣʝʡ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʦʪʥʦʩʠʪʝʣʴʥʦ ʤʷʛʢʠʤʠ ʢʣʠʥʠʯʝʩʢʠʤʠ ʧʨʦʷʚʣʝʥʠʷʤʠ/ʩʠʤʧʪʦʤʘʪʠʢʦʡ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʪʦʣʦʛʠʝʡ ʯʝʣʦʚʝʢʘ (Sicinski et al., 1989; Morgan et al., 2013; Rodgers et al., 2019). 

ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʥʘʣʠʯʠʝʤ ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʤʝʭʘʥʠʟʤʦʚ ʢʦʤʧʝʥʩʘʮʠʠ, ʘ ʪʘʢʞʝ 

ʚʠʜʦʩʧʝʮʠʬʠʯʥʦʡ ʬʫʥʢʮʠʠ ʪʦʡ ʠʣʠ ʠʥʦʡ ʤʳʮhʳ. ɺ ʯʘʩʪʥʦʩʪʠ, ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʜʝʛʝʥʝʨʘʮʠʠ 

ʤʳʮh ʫ mdx-ʤʳʝhʡ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʪʘʢʦʚʦʡ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʄɼɼ. ʌʠʙʨʦʟ ʪʘʢʞʝ ʤʝʥʝʝ ʚʳʨʘʞʝʥ, 

ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʘʮʠʝʥʪʘʤʠ, ʩʪʨʘʜʘʶʱʠʤʠ ʄɼɼ, ʫ ʢʦʪʦʨʳʭ ʪʘʢʞʝ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʨʫʰʝʥʠʷ 

ʩʝʨʜʝʯʥʦʡ ʬʫʥʢʮʠʠ (Fukada et al., 2010). ʊʝʤ ʥʝ ʤʝʥʝʝ ʫ ʤʳʝhʡ ʥʘʙʣʶʜʘʶʪʩʷ ʩʭʦʞʠʝ ʩ 
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ʯʝʣʦʚʝʯʝʩʢʠʤ ʬʝʥʦʪʠʧʦʤ ʧʨʠʟʥʘʢʠ, ʪʘʢʠʝ ʢʘʢ ʤʳʝhʯʥʘʷ ʩʣʘʙʦʩʪʴ, ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ 

ʤʳʝhʯʥʦʡ ʢʨʝʘʪʠʥʠʥʢʠʥʘʟʳ ʚ ʩʳʚʦʨʦʪʢʝ (Carnwath and Shotton, 1987), ʘ ʪʘʢʞʝ ʙʦʣʝʝ ʢʦʨʦʪʢʘʷ 

ʧʨʦʜʦʣʞʠʪʝʣʴʥʦʩʪʴ ʞʠʟʥʠ, ʯʝʤ ʫ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (Manning and O'Malley, 2015). 

ʄʦʜʝʣʴ mdx-ʤʳʝhʡ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʤʥʦʛʠʭ ʣʝʪ ʠʩʧʦʣʴʟʦʚʘʣʘʩʴ ʚ ʜʦʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʣʷ ʧʨʦʚʝʨʢʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʥʦʚʳʭ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʧʨʝʧʘʨʘʪʦʚ (Spurney et al., 

2009; De Luca et al., 2005). ʅʘ ʥʠʭ ʧʨʦʚʝʨʷʣʠʩʴ ʧʦʜʭʦʜʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝʤ ʫʨʦʚʥʷ 

ʜʠʩʪʨʦʬʠʥʘ ʚ ʤʳʮhʘʭ ʧʫʪʝʤ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʩʪʚʦʣʦʚʳʭ ʢʣʝʪʦʢ (Gussoni et al., 1999), ʢʣʝʪʦʢ-

ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʦʚ (Partridge et al., 1989), ʘ ʪʘʢʞʝ ʩʪʨʘʪʝʛʠʠ, ʩʚʷʟʘʥʥʳʝ ʩ ʧʨʦʧʫʩʢʦʤ ʵʢʟʦʥʦʚ 

ʧʫʪʝʤ ʧʨʠʤʝʥʝʥʠʷ ʘʥʪʠʩʤʳʩʣʦʚʳʭ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ (Roy et al., 2016). 

ʉʦ ʚʨʝʤʝʥʝʤ ʙʳʣʠ ʦʧʠʩʘʥʳ ʜʨʫʛʠʝ ʣʠʥʠʠ mdx-ʤʳʝhʡ, ʪʘʢʠʝ ʢʘʢ mdx2cv, mdx4cv ʠ mdx5cv, 

ʢʦʪʦʨʳʝ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʘʥʘʣʠʟʘ ʨʦʣʠ ʨʘʟʣʠʯʥʳʭ ʠʟʦʬʦʨʤ ʜʠʩʪʨʦʬʠʥʘ (Im et al., 1996). 

ʂʨʦʤʝ ʪʦʛʦ, ʜʣʷ ʩʦʟʜʘʥʠʷ ʙʦʣʝʝ ʪʷʞʝʣʦʛʦ ʬʝʥʦʪʠʧʘ ʄɼɼ, ʩʭʦʞʝʛʦ ʩ ʯʝʣʦʚʝʯʝʩʢʠʤ, ʙʳʣʠ 

ʨʘʟʨʘʙʦʪʘʥʳ ʜʨʫʛʠʝ ʚʘʨʠʘʥʪʳ ʣʠʥʠʠ mdx ʠ ʞʠʚʦʪʥʳʝ ʩ ʜʚʦʡʥʳʤ ʥʦʢʘʫʪʦʤ. ʊʘʢ ʫʜʘʣʦʩʴ 

ʧʦʣʫʯʠʪʴ ʙʦʣʝʝ ʨʝʣʝʚʘʥʪʥʫʶ ʤʦʜʝʣʴ (DBA/J2-mdx), ʢʦʪʦʨʘʷ ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʘ ʙʦʣʝʝ ʙʣʠʟʢʠʡ ʢ 

ʯʝʣʦʚʝʯʝʩʢʦʤʫ ʬʝʥʦʪʠʧ ʚ ʯʘʩʪʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʠʙʨʦʟʘ ʠ ʤʝʥʴʰʝʡ ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʨʝʛʝʥʝʨʘʮʠʠ. 

ʆʜʥʘʢʦ ʩʯʠʪʘʝʪʩʷ ʯʪʦ ʵʪʘ ʤʦʜʝʣʴ ʥʝʘʜʝʢʚʘʪʥʦ ʦʪʨʘʞʘʝʪ ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ ʤʠʦʢʘʨʜʘ, 

ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ ʧʨʠ ʄɼɼ (Fukada et al., 2010; Hakim et al., 2017). 

ɼʣʷ ʣʫʯʰʝʛʦ ʧʦʥʠʤʘʥʠʷ ʧʘʪʦʬʠʟʠʦʣʦʛʠʠ ʄɼɼ ʙʳʣʘ ʩʦʟʜʘʥʘ ʩʝʨʠʷ ʚʘʨʠʘʥʪʦʚ ʣʠʥʠʠ mdx 

ʠ ʤʦʜʝʣʝʡ ʤʳʝhʡ ʩ ʜʚʦʡʥʳʤ ʥʦʢʘʫʪʦʤ, ʢʦʪʦʨʳʝ ʩʦʯʝʪʘʶʪ ʥʘʣʠʯʠʝ ʤʫʪʘʮʠʠ ʚ ʛʝʥʝ ʜʠʩʪʨʦʬʠʥʘ 

(mdx-ʤʳʠh) ʩ ʤʫʪʘʮʠʷʤʠ ʚ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʛʝʥʝ, ʥʘʧʨʘʚʣʝʥʥʳʤʠ ʥʘ ʫʩʫʛʫʙʣʝʥʠʝ ʬʝʥʦʪʠʧʘ 

(B¿rger et al., 2006). ɺ ʯʘʩʪʥʦʩʪʠ, ʤʳʠh ʩ ʜʚʦʡʥʳʤ ʥʦʢʘʫʪʦʤ ʜʠʩʪʨʦʬʠʥʘ ʠ ʫʪʨʦʬʠʥʘ (ʙʝʣʢʘ-

ʛʦʤʦʣʦʛʘ ʜʠʩʪʨʦʬʠʥʘ, ʧʨʠʩʫʪʩʪʚʠʝ ʢʦʪʦʨʦʛʦ ʢʦʤʧʝʥʩʠʨʫʝʪ ʜʝʬʠʮʠʪ ʜʠʩʪʨʦʬʠʥʘ ʠ ʩʤʷʛʯʘʝʪ 

ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ) ʣʠʥʠʠ mdx/Utrn-/- ʜʝʤʦʥʩʪʨʠʨʫʪʁ ʙʦʣʝʝ ʪʷʞʝʣʳʡ ʬʝʥʦʪʠʧ, ʠʤʝʶʪ 

ʧʨʠʟʥʘʢʠ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ (Grady et al., 1997, Davies and Chamberlain, 2019). ʂʨʦʤʝ ʪʦʛʦ, ʣʠʥʠʷ 

mdx4cv/mTRG2, ʠʤʝʶʱʘʷ çʛʫʤʘʥʠʟʠʨʦʚʘʥʥʫèʁ ʜʣʠʥʫ ʪʝʣʦʤʝʨ, ʭʘʨʘʢʪʝʨʠʟʫʝʪʩ ̫ ʨʘʟʚʠʪʠʝʤ 

ʜʠʣʘʪʘʮʠʦʥʥʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ ʠ, ʢʘʢ ʩʯʠʪʘʝʪʩʷ, ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴʶ, ʢʦʪʦʨʘʷ ʘʜʝʢʚʘʪʥʦ 

ʚʦʩʧʨʦʠʟʚʦʜʠʪ ʢʘʢ ʧʘʪʦʣʦʛʠʶ ʩʢʝʣʝʪʥʳʭ ʤʳʮh, ʪʘʢ ʠ ʩʝʨʜʝʯʥʳʡ ʬʝʥʦʪʠʧ ʄɼɼ (Yucel et al., 

2018). ʅʘ ʵʪʦʡ ʤʦʜʝʣʠ ʞʠʚʦʪʥʳʭ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʥʥʳʝ ʪʝʣʦʤʝʨʳ ʟʘʱʠʱʘʶʪ ʤʳʝhʡ ʦʪ 

ʣʝʪʘʣʴʥʦʡ ʩʝʨʜʝʯʥʦʡ ʧʘʪʦʣʦʛʠʠ (Chang et al., 2016) ʠ ʩʧʦʩʦʙʩʪʚʫʶʪ ʚʳʩʦʢʦʡ ʩʧʦʩʦʙʥʦʩʪʠ ʤʳʮh 

ʤʳʝhʡ ʢ ʨʝʛʝʥʝʨʘʮʠʠ (Mourkiot et al., 2013). 
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2. ʄɸʊɽʈʀɸʃʓ ʀ ʄɽʊʆɼʓ ʀʉʉʃɽɼʆɺɸʅʀʗ 

2.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʞʠʚʦʪʥʳʝ  

ɺ ʨʘʙʦʪʝ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʝ ʤʳhʠ ʣʠʥʠʠ C57BL/10ScSn-Dmdmdx 

(mdx-ʤʳʠh) ʠ ʤʳʠh ʣʠʥʠʠ C57BL/10 ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ). ɾʠʚʦʪʥʳʝ ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʚ 

ʅʇʇ çʇʠʪʦʤʥʠʢ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭè ʌʀɹʍ ʈɸʅ (ʇʫʱʠʥʦ) ʠ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʚʠʚʘʨʠʠ 

ʄʘʨɻʋ (ʥʦʤʝʨ ʚ ʩʠʩʪʝʤʝ ʄʝʨʢʫʨʠʡ RU31572158), ʛʜʝ ʧʦʜʜʝʨʞʠʚʘʶʪʩʷ ʥʝʦʙʭʦʜʠʤʳʝ ʫʩʣʦʚʠʷ 

ʜʣʷ ʩʦʜʝʨʞʘʥʠʷ ʞʠʚʦʪʥʳʭ ʠ ʧʨʦʚʝʜʝʥʠʷ ʩ ʥʠʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʧʨʦʮʝʜʫʨ. ɺʩʝ 

ʤʘʥʠʧʫʣʷʮʠʠ ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʩʧʝʮʠʘʣʴʥʦ ʦʪʚʝʜʝʥʥʳʭ ʚʝʥʪʠʣʠʨʫʝʤʳʭ ʧʦʤʝʱʝʥʠʷʭ ʩ 

ʝʩʪʝʩʪʚʝʥʥʦʡ ʦʩʚʝʱʝʥʥʦʩʪʴʶ ʧʨʠ 21 ï 23Üʉ. ɾʠʚʦʪʥʳʝ ʩʦʜʝʨʞʘʣʠʩʴ ʚ ʢʣʝʪʢʘʭ ʧʦ 5 ʦʩʦʙʝʡ ʩʦ 

ʩʚʦʙʦʜʥʳʤ ʜʦʩʪʫʧʦʤ ʢ ʚʦʜʝ ʠ ʢʦʨʤʫ ʧʨʠ ʩʦʙʣʶʜʝʥʠʠ ʥʝʦʙʭʦʜʠʤʳʭ ʥʦʨʤ ʙʝʟʦʧʘʩʥʦʩʪʠ ʠ 

ʩʘʥʠʪʘʨʥʳʭ ʧʨʘʚʠʣ. ʉʦʜʝʨʞʘʥʠʝ, ʢʦʨʤʣʝʥʠʝ ʠ ʚʳʚʝʜʝʥʠʝ ʞʠʚʦʪʥʳʭ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʘ 

ʩʦʦʪʚʝʪʩʪʚʦʚʘʣʠ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʧʨʘʚʠʣʘʤ çGuide for the Care and Use of Animalsè ʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʚ ʧʦʣʥʦʤ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʈʫʢʦʚʦʜʩʪʚʦʤ ʧʦ ʩʦʜʝʨʞʘʥʠʶ ʠ ʫʭʦʜʫ ʟʘ ʣʘʙʦʨʘʪʦʨʥʳʤʠ 

ʞʠʚʦʪʥʳʤʠ (NIH), ʧʨʘʚʠʣʘʤʠ ʥʘʜʣʝʞʘʱʝʡ ʣʘʙʦʨʘʪʦʨʥʦʡ ʧʨʘʢʪʠʢʠ (ʧʨʠʢʘʟ ʄɿ ʈʌ ʦʪ 

01.04.2016 ʛ., ˉ 199ʥ). ʂʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ ʚ ʢʘʞʜʦʡ ʩʝʨʠʠ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʜʣʷ ʚʳʧʦʣʥʝʥʠʷ 

ʨʘʙʦʪʳ ʠ ʚʩʝ ʧʨʦʮʝʜʫʨʳ ʩ ʥʠʤʠ ʙʳʣʠ ʩʦʛʣʘʩʦʚʘʥʳ ʩ ʂʦʤʠʩʩʠʝʡ ʧʦ ʙʠʦʵʪʠʢʝ ʄʘʨɻʋ. ʈʘʙʦʪʘ ʩ 

ʞʠʚʦʪʥʳʤʠ ʚʳʧʦʣʥʷʣʘʩʴ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ɽʚʨʦʧʝʡʩʢʦʡ ʢʦʥʚʝʥʮʠʝʡ ʦ ʟʘʱʠʪʝ ʧʦʟʚʦʥʦʯʥʳʭ 

ʞʠʚʦʪʥʳʭ (ʉʪʨʘʩʙʫʨʛ, 1986) ʠ ʩ ʧʨʠʥʮʠʧʘʤʠ ʍʝʣʴʩʠʥʩʢʦʡ ɼʝʢʣʘʨʘʮʠʠ (2000). ʇʨʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ in vivo ʚʣʠʷʥʠʷ ʜʝʡʩʪʚʠʷ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʭ ʘʛʝʥʪʦʚ ʜʘʥʥʳʝ ʩʦʝʜʠʥʝʥʠʷ ʚʚʦʜʠʣʠʩʴ 

ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʠʣʠ ʚʥʫʪʨʠʤʳʝhʯʥʦ, ʚ ʩʣʫʯʘʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ, ʚ ʪʝʯʝʥʠʝ 

ʤʝʩʷʮʘ ʚ ʦʙʲʝʤʝ, ʥʝ ʧʨʝʚʳʰʘʶʱʝʤ 150 ʤʢʣ. ʂʦʥʪʨʦʣʴʥʳʝ ʛʨʫʧʧʳ ʧʦʣʫʯʘʣʠ ʠʥʲʝʢʮʠʠ 

ʨʘʩʪʚʦʨʠʪʝʣʷ ʚ ʪʝ ʞʝ ʩʨʦʢʠ ʠ ʚ ʪʦʤ ʞʝ ʦʙʲʝʤʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ ʧʦʪʝʥʮʠʘʣʘ ʩʦʝʜʠʥʝʥʠʡ ʞʠʚʦʪʥʳʝ ʨʘʟʜʝʣʷʣʠʩʴ ʥʘ 4 ʛʨʫʧʧʳ: ʢʦʥʪʨʦʣʴ, 

ʢʦʥʪʨʦʣʴ+ʤʦʜʫʣʷʪʦʨ, mdx-ʤʳʠh, mdx-ʤʳʠh+ʤʦʜʫʣʷʪʦʨ. ɹʦʣʝʝ ʧʦʜʨʦʙʥʦʝ ʦʧʠʩʘʥʠʝ ʛʨʫʧʧ 

ʞʠʚʦʪʥʳʭ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʨʘʟʜʝʣʘʭ ʛʣʘʚʳ çʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝè. ɺ 

ʭʦʜʝ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʨʦʚʦʜʠʣʩʷ ʢʦʥʪʨʦʣʴ ʤʘʩʩʳ ʞʠʚʦʪʥʳʭ ʩ ʧʦʤʦʱʴʶ ʘʥʘʣʠʪʠʯʝʩʢʠʭ ʚʝʩʦʚ 

(Ohaus, ʉʐɸ). ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ, ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ, ʤʦʣʝʢʫʣʷʨʥʦ-

ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʭ ʘʥʘʣʠʟʦʚ ʞʠʚʦʪʥʳʝ ʚʳʚʦʜʠʣʠʩʴ ʠʟ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʩ ʧʦʤʦʱʴʶ 

ʜʝʢʘʧʠʪʘʮʠʠ ʧʦʜ ʥʘʨʢʦʟʦʤ. ʇʦʩʣʝ ʵʪʦʛʦ ʙʨʘʣʘʩʴ ʢʨʦʚʴ ʜʣʷ ʙʠʦʭʠʤʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʥʘ 

ʢʨʝʘʪʠʥʢʠʥʘʟʫ, ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʫ (ʃɼɻ) ʠ ʘʩʧʘʨʪʘʪʘʤʠʥʦʪʨʘʥʩʬʝʨʘʟʫ (ɸʉʊ) ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʥʘʙʦʨʦʚ (çɺʝʢʪʦʨ-ɹʝʩʪè, ʈʦʩʩʠʷ). ʊʘʢʞʝ ʧʨʦʠʟʚʦʜʠʣʩʷ ʦʪʙʦʨ 

ʦʙʨʘʟʮʦʚ ʪʢʘʥʝʡ ʜʣʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʛʦ ʠ ʫʣʴʪʨʘʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʠʟ ʦʙʨʘʟʮʦʚ 

ʚʳʜʝʣʷʣʠʩʴ ʥʫʢʣʝʠʥʦʚʳʝ ʢʠʩʣʦʪʳ, ʙʝʣʢʠ ʠ ʤʠʪʦʭʦʥʜʨʠʠ. 
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2.2. ʆʮʝʥʢʘ ʤʳ ʝhʯʥʦʡ ʩʠʣʳ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʞʠʚʦʪʥʳʭ 

ʄʳ ʝhʯʥʫʶ ʬʫʥʢʮʠʶ ʠ ʚʳʥʦʩʣʠʚʦʩʪʴ ʤʳʝhʡ ʦʮʝʥʠʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪʘ çʥʘ ʩʪʨʫʥʝè. 

ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʤʳʰɹ ʧʦʤʝʱʘʣʠ ʧʝʨʝʜʥʠʤʠ ʣʘʧʘʤʠ ʥʘ ʤʝʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʥʫ ʜʠʘʤʝʪʨʦʤ 3 ʤʤ 

(ʜʣʠʥʘ 38 ʩʤ, ʨʘʩʧʦʣʦʞʝʥʘ ʥʘ ʚʳʩʦʪʝ 49 ʩʤ ʥʘʜ ʤʷʛʢʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʜʣʷ ʘʤʦʨʪʠʟʘʮʠʠ ʫʧʘʚʰʠʭ 

ʞʠʚʦʪʥʳʭ). ʄʳʰɹ  ʫʜʝʨʞʠʚʘʣʘʩʴ ʥʘ ʩʪʨʫʥʝ ʚ ʪʝʯʝʥʠʝ 30 ʩ. ʇʦʜʩʯʝʪ ʨʝʟʫʣʴʪʘʪʦʚ ʪʝʩʪʘ 

ʧʨʦʚʦʜʠʣʩʷ ʧʦ ʠʟʚʝʩʪʥʦʡ ʤʝʪʦʜʠʢʝ (Deacon et al., 2013): ʫʜʝʨʞʠʚʘʥʠʝ ʚ ʪʝʯʝʥʠʝ 1ï5 ʩ = 1 ʙʘʣʣ, 

6ï10 ʩ = 2 ʙʘʣʣʘ, 11ï20 ʩ = 3 ʙʘʣʣʘ, 21ï30 ʩ = 4 ʙʘʣʣʘ, 30 ʩ = 5 ʙʘʣʣʦʚ. ʋʜʝʨʞʠʚʘʥʠʝ ʦʜʥʦʡ 

ʧʝʨʝʜʥʝʡ ʣʘʧʦʡ ʥʘ ʦʧʦʨʥʦʤ ʙʨʫʩʝ ʙʝʟ ʧʘʜʝʥʠʷ = 5 ʙʘʣʣʦʚ. ɾʠʚʦʪʥʦʝ, ʢʦʪʦʨʦʝ ʥʝʦʜʥʦʢʨʘʪʥʦ 

ʪʝʨʧʝʣʦ ʥʝʫʜʘʯʫ ʜʦ ʠʩʪʝʯʝʥʠʷ 5 ʩ, ʧʦʣʫʯʘʣʦ ʪʦʣʴʢʦ 1 ʙʘʣʣ. ʂʘʞʜʦʡ ʤʳʠh ʧʨʝʜʦʩʪʘʚʣʷʣʦʩʴ ʪʨʠ 

ʧʦʧʳʪʢʠ, ʜʣʷ ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

ɺ ʨʷʜʝ ʩʣʫʯʘʝʚ ʜʣʷ ʦʮʝʥʢʠ ʤʳʝhʯʥʦʡ ʩʠʣʳ ʞʠʚʦʪʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʩʪ ʩʠʣʳ ʭʚʘʪʢʠ 

(Grip Strength Test) (çIITC Life Scienceè, ʉʐɸ). ɺ ʧʨʦʮʝʩʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘ ʞʠʚʦʪʥʦʝ ʪʷʥʝʪ 

ʩʧʝʮʠʘʣʴʥʫʶ ʨʝʛʫʣʠʨʫʝʤʫʶ ʧʦ ʚʳʩʦʪʝ ʨʫʢʦʷʪʴ (ʊ-ʦʙʨʘʟʥʫʶ ʨʫʢʦʷʪʴ ʜʣʷ ʧʝʨʝʜʥʠʭ ʠʣʠ ʟʘʜʥʠʭ 

ʣʘʧ ʠ ʨʝʰʝʪʯʘʪʳʝ ʨʫʢʦʷʪʢʠ ʜʣʷ ʯʝʪʳʨʝʭ ʣʘʧ ʞʠʚʦʪʥʦʛʦ), ʢʦʪʦʨʘʷ ʢʨʝʧʠʪʩʷ ʢ ʚʳʩʦʢʦʪʦʯʥʦʤʫ 

ʩʝʥʩʦʨʫ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʛʨʘʤʤʘʭ. ʂʘʞʜʦʡ ʤʳʠh ʧʨʝʜʦʩʪʘʚʣʷʣʦʩʴ ʪʨʠ ʧʦʧʳʪʢʠ, ʜʣʷ 

ʦʢʦʥʯʘʪʝʣʴʥʦʛʦ ʨʘʩʯʝʪʘ ʠʩʧʦʣʴʟʦʚʘʣʦʩʴ ʩʨʝʜʥʝʝ ʟʥʘʯʝʥʠʝ. 

2.3. ʈʝʛʠʩʪʨʘʮʠʷ ʣɻʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ ʞʠʚʦʪʥʳʭ 

ɼʣʷ ʠʤʤʦʙʠʣʠʟʘʮʠʠ ʞʠʚʦʪʥʳʭ ʠʩʧʦʣʴʟʦʚʘʣʠ ʢʦʤʙʠʥʠʨʦʚʘʥʥʫʶ ʘʥʝʩʪʝʟʠʶ (Astashev et 

al., 2019). ʄʳ ʝhʡ ʧʨʝʢʦʥʜʠʮʠʦʥʠʨʦʚʘʣʠ ʦʢʦʣʦ 5 ʤʠʥ ʛʘʟʦʚʦʡ ʩʤʝʩʴʶ N2O:O2 (77%:23%) 

(çɸʢʝʣʘ-ʅè, ʈʦʩʩʠʷ). ʇʦʩʣʝ ʧʨʝʢʦʥʜʠʮʠʦʥʠʨʦʚʘʥʠʷ ʤʳʘhʤ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦ ʚʚʦʜʠʣʠ 50 

ʤʢʛ/ʢʛ çɿʦʣʝʪʠʣʘè (ɿʦʣʝʪʠʣ 100, çVirbac Sante Animaleè, ʌʨʘʥʮʠʷ). ʉʤʝʩʴ N2O:O2 ʧʦʜʘʚʘʣʘʩʴ ʚ 

ʣʠʮʝʚʫʶ ʤʘʩʢʫ ʚ ʪʝʯʝʥʠʝ ʚʩʝʛʦ ʚʨʝʤʝʥʠ ʵʢʩʧʝʨʠʤʝʥʪʘ. ʄʳʰɹ  ʥʘʭʦʜʠʣʘʩʴ ʚ ʩʦʩʪʦʷʥʠʠ ʧʦʢʦʷ ʜʦ 

ʠʩʯʝʟʥʦʚʝʥʠʷ ʚʳʧʨʷʤʠʪʝʣʴʥʦʛʦ ʨʝʬʣʝʢʩʘ, ʘ ʟʘʪʝʤ ʧʦʤʝʱʘʣʘʩʴ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫʶ ʢʘʤʝʨʫ. 

ʀʟʤʝʨʝʥʠʷ ʥʘʯʠʥʘʣʠ ʪʦʣʴʢʦ ʧʦʩʣʝ ʦʪʨʠʮʘʪʝʣʴʥʦʡ ʨʝʘʢʮʠʠ ʥʘ ʩʜʘʚʣʠʚʘʥʠʝ ʭʚʦʩʪʘ, ʯʪʦ 

ʧʦʜʪʚʝʨʞʜʘʣʦ ʥʝʦʙʭʦʜʠʤʫʶ ʛʣʫʙʠʥʫ ʘʥʝʩʪʝʟʠʠ (Kawai et al., 2011; Tsukamoto et al., 2015). 

ʕʂɻ ʟʘʧʠʩʳʚʘʣʠ ʚʦ II ʩʪʘʥʜʘʨʪʥʦʤ ʦʪʚʝʜʝʥʠʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʩ ʧʦʤʦʱʴʶ ʤʦʥʠʪʦʨʘ 

ʩʝʨʜʝʯʥʦʛʦ ʨʠʪʤʘ SparkFun Single Lead (çSparkFun Electronicsè, ʉʐɸ). ʉʠʛʥʘʣʳ ʕʂɻ 

ʦʙʨʘʙʘʪʳʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Clampfit 11.2.0.59 (çMolecular Devices 

LLCè, ʉʐɸ). ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʩʠʛʥʘʣʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʠʣʴʪʨ ɹʝʩʩʝʣʷ ʚʳʩʦʢʠʭ ʯʘʩʪʦʪ (ʩ ʯʘʩʪʦʪʦʡ 

ʩʨʝʟʘ 0,14 ɻʮ) ʠ ʬʠʣʴʪʨ ɻʘʫʩʩʘ ʥʠʞʥʠʭ ʯʘʩʪʦʪ (ʩ ʯʘʩʪʦʪʦʡ ʩʨʝʟʘ 45 ɻʮ). ʐʠʨʠʥʫ ʢʦʤʧʣʝʢʩʘ QRS 

ʠ ʦʪʥʦʰʝʥʠʝ S/R ʦʮʝʥʠʚʘʣʠ ʜʣʷ ʢʘʞʜʦʡ ʟʘʧʠʩʠ ʕʂɻ (Shin et al., 2011). 
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2.4. ɻʠʩʪʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɼʣʷ ʠʟʫʯʝʥʠʷ ʛʠʩʪʦʣʦʛʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʳ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ (ʯʝʪʳʨʝʭʛʣʘʚʘʷ ʤʳʰʮʘ 

ʙʝʜʨʘ) ʠ ʩʝʨʜʮʘ (ʣʝʚʳʡ ʞʝʣʫʜʦʯʝʢ) ʢʫʩʦʯʢʠ ʵʪʠʭ ʦʨʛʘʥʦʚ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʥʝʡʪʨʘʣʴʥʦʤ 

ʟʘʙʫʬʝʨʝʥʥʦʤ 10% ʬʦʨʤʘʣʠʥʝ. ʅʘ ʩʣʝʜʫʶʱʝʤ ʵʪʘʧʝ ʧʨʦʚʦʜʠʣʠ ʦʙʝʟʚʦʞʠʚʘʥʠʝ (ʧʦʩʪʝʧʝʥʥʳʡ 

ʧʝʨʝʥʦʩ ʠʟ ʩʧʠʨʪʦʚ  ʥʠʟʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚ ʩʧʠʨʪʳ ʩ ʙʦʣʝʝ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ, ʚʧʣʦʪʴ ʜʦ 

ʘʙʩʦʣʶʪʥʦʛʦ ʩʧʠʨʪʘ) ʠ ʟʘʣʠʚʢʫ ʯʝʨʝʟ ʩʤʝʩʴ ʭʣʦʨʦʬʦʨʤ-ʧʘʨʘʬʠʥ ʧʦ ʦʙʱʝʧʨʠʥʷʪʦʡ ʤʝʪʦʜʠʢʝ 

(ʄʝʨʢʫʣʦʚ, 1969). ɺ ʜʘʣʴʥʝʡʰʝʤ ʥʘ ʩʘʥʥʦʤ ʤʠʢʨʦʪʦʤʝ çʄʉ-2è (çʊʦʯʤʝʜʧʨʠʙʦʨè, ʋʢʨʘʠʥʘ) 

ʠʩʩʣʝʜʫʝʤʳʝ ʦʨʛʘʥʳ ʤʠʢʨʦʪʦʤʠʨʦʚʘʣʠ, ʧʦʣʫʯʘʣʠ ʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 5 ʤʢʤ.  

ʆʪʙʠʨʘʣʠ ʤʠʥʠʤʫʤ ʧʦ 3 ʦʙʨʘʟʮʘ ʚ ʢʘʞʜʦʡ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʛʨʫʧʧʝ. ʇʨʝʜʤʝʪʥʳʝ 

ʩʪʝʢʣʘ, ʧʦʣʫʯʝʥʥʳʝ ʠʟ ʢʘʞʜʦʛʦ ʦʙʨʘʟʮʘ, ʧʝʨʚʦʥʘʯʘʣʴʥʦ ʜʝʧʘʨʘʬʠʥʠʨʦʚʘʣʠ, ʦʙʝʟʞʠʨʠʚʘʣʠ ʠ 

ʟʘʪʝʤ ʦʢʨʘʰʠʚʘʣʠ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ ʠ ʧʦ ɺʘʥ-ɻʠʟʦʥʫ (ʄʝʨʢʫʣʦʚ, 1969).  

ʄʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʢʘʥʝʡ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ 

ʚʠʟʫʘʣʠʟʘʮʠʠ EVOS M5000 (çThermo Fisher Scientificè, ʉʐɸ). ɼʣʷ ʘʥʘʣʠʟʘ ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ 

ʠʟʦʙʨʘʞʝʥʠʡ ʧʨʠʤʝʥʷʣʠ ʧʨʦʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ImageJ (ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʥʩʪʠʪʫʪ ʟʜʦʨʦʚʴʷ, 

ʉʐɸ).  

ʋʨʦʚʝʥʴ ʬʠʙʨʦʟʘ ʚ ʤʠʦʢʘʨʜʝ ʤʳʰʝʡ ʦʮʝʥʠʚʘʣʠ ʢʘʢ ʜʦʣʶ ʫʯʘʩʪʢʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʢʦʣʣʘʛʝʥ ʠ ʜʨʫʛʠʝ ʵʣʝʤʝʥʪʳ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ (%), ʦʪ ʦʙʱʝʡ ʧʣʦʱʘʜʠ ʪʢʘʥʠ ʤʠʦʢʘʨʜʘ ʥʘ 

ʛʠʩʪʦʣʦʛʠʯʝʩʢʠʭ ʩʨʝʟʘʭ, ʧʨʠʥʠʤʘʝʤʦʡ ʟʘ 100%. ɸʥʘʣʠʟʠʨʦʚʘʣʠ ʥʝ ʤʝʥʝʝ 20 ʩʨʝʟʦʚ ʜʣʷ ʢʘʞʜʦʛʦ 

ʦʙʨʘʟʮʘ ʦʨʛʘʥʘ.  

ʋʯʝʪ ʜʦʣʠ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʥʪʨʘʣʴʥʳʝ ʷʜʨʘ, ʧʨʦʚʦʜʠʣʠ ʚ 10 ʧʦʣʷʭ 

ʟʨʝʥʠʷ (200Ĭ) ʠ ʚʳʨʘʞʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʦʙʱʝʛʦ ʯʠʩʣʘ ʧʦʜʩʯʠʪʘʥʥʳʭ ʚʦʣʦʢʦʥ. 

2.5. ʇʨʦʩʚʝʯʠʚʘʶʱʘʷ ʵʣʝʢʪʨʦʥʥʘʷ ʤʠʢʨʦʩʢʦʧʠʷ 

ɼʣʷ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʦʪʙʠʨʘʣʠ ʢʫʩʦʯʢʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh (ʯʝʪʳʨʝʭʛʣʘʚʘʷ 

ʤʳʮhʘ ʙʝʜʨʘ, vastus lateralis) ʠ ʩʝʨʜʮʘ (ʣʝʚʳʡ ʞʝʣʫʜʦʯʝʢ). ʆʙʨʘʟʮʳ ʬʠʢʩʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 2 ʯ 

ʚ 2,5% ʨʘʩʪʚʦʨʝ ʛʣʫʪʘʨʦʚʦʛʦ ʘʣʴʜʝʛʠʜʘ ʚ ʢʘʢʦʜʠʣʘʪʥʦʤ ʙʫʬʝʨʝ (pH 7,2) ʠ 4 ʯ ï ʚ 2% ʨʘʩʪʚʦʨʝ 

ʪʝʪʨʘʦʢʠʩʠ ʦʩʤʠʷ, ʦʙʝʟʚʦʞʠʚʘʣʠ ʚ ʚʦʟʨʘʩʪʘʶʱʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʩʧʠʨʪʘ ʠ ʘʮʝʪʦʥʘ ʠ ʟʘʣʠʚʘʣʠ ʚ 

ʵʧʦʢʩʠʜʥʫʶ ʩʤʦʣʫ ʕʧʦʥ 812. ʀʟ ʧʦʣʫʯʝʥʥʳʭ ʵʧʦʥʦʚʳʭ ʙʣʦʢʦʚ ʧʦʣʫʯʘʣʠ ʫʣʴʪʨʘʪʦʥʢʠʝ ʩʨʝʟʳ 

(60ï75 ʥʤ), ʠʩʧʦʣʴʟʫʷ ʫʣʴʪʨʘʤʠʢʨʦʪʦʤ Leica EM UC6 (çLeicaè, ɻʝʨʤʘʥʠʷ), ʢʦʪʦʨʳʝ 

ʚʧʦʩʣʝʜʩʪʚʠʠ ʢʦʥʪʨʘʩʪʠʨʦʚʘʣʠ ʨʘʩʪʚʦʨʦʤ ʫʨʘʥʠʣʘʮʝʪʘʪʘ ʠ ʮʠʪʨʘʪʦʤ ʩʚʠʥʮʘ. ʕʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʚʠʟʫʘʣʠʟʘʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʥʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ JEM-100B 

(çJEOLè, ʗʧʦʥʠʷ). ɼʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʞʠʚʦʪʥʳʭ ʬʦʪʦʛʨʘʬʠʨʦʚʘʣʠ ʥʝ ʤʝʥʝʝ 40 

ʥʝʧʝʨʝʩʝʢʘʶʱʠʭʩʷ ʧʦʣʝʡ ʟʨʝʥʠʷ ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ 5000³. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʣʫʯʘʣʠ ʵʣʝʢʪʨʦʥʥʦ-

ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠʝ ʦʙʨʘʟʳ (ʬʘʡʣ ʩ ʨʘʩʰʠʨʝʥʠʝʤ tif, 2808 Ĭ 2264 ʧʠʢʩʝʣʝʡ, 16 ʙʠʪ), ʢʦʪʦʨʳʝ 
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ʘʥʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ Image Tool 3.0. ɼʣʷ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʦʛʦ 

ʘʥʘʣʠʟʘ ʚʳʙʠʨʘʣʠ ʪʦʣʴʢʦ ʪʘʢʠʝ ʤʠʪʦʭʦʥʜʨʠʠ, ʯʝʨʝʟ ʢʦʪʦʨʳʝ ʩʨʝʟ ʧʨʦʭʦʜʠʣ ʧʦ ʠʭ ʢʦʨʦʪʢʦʡ ʦʩʠ. 

ʀʩʧʦʣʴʟʦʚʘʣʠ ʨʫʪʠʥʥʳʡ ʩʧʦʩʦʙ ʠʟʤʝʨʝʥʠʷ, ʪʨʝʙʫʶʱʠʡ ʨʫʯʥʦʛʦ ʢʦʥʪʫʨʠʨʦʚʘʥʠʷ ʧʦʧʝʨʝʯʥʳʭ 

ʩʝʯʝʥʠʡ ʤʠʪʦʭʦʥʜʨʠʡ ʧʦ ʠʭ ʥʘʨʫʞʥʦʡ ʤʝʤʙʨʘʥʝ (Lam et al., 2021). ɺʩʝʛʦ ʜʣʷ ʘʥʘʣʠʟʘ ʙʳʣʦ 

ʦʪʦʙʨʘʥʦ ʜʦ 200 ʧʨʦʬʠʣʝʡ ʧʦʧʝʨʝʯʥʳʭ ʩʝʯʝʥʠʡ ʤʠʪʦʭʦʥʜʨʠʡ ʜʣʷ ʢʘʞʜʦʡ ʛʨʫʧʧʳ ʞʠʚʦʪʥʳʭ. 

2.6. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ATʌ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮhʘʭ 

ʋʨʦʚʝʥʴ ɸʊʌ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʤʳʝhʡ ʦʧʨʝʜʝʣʷʣʠ ʬʣʫʦʨʠʤʝʪʨʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʦʛʦ ʥʘʙʦʨʘ (ˉMAK190-1KT, çSigma-Aldrichè, ʉʐɸ). ʄʝʪʦʜ ʦʩʥʦʚʘʥ ʥʘ 

ʦʙʨʘʟʦʚʘʥʠʠ ʧʨʦʜʫʢʪʘ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʛʣʠʮʝʨʠʥʘ, ʬʣʫʦʨʝʩʮʝʥʮʠʷ ʢʦʪʦʨʦʛʦ (ʜʣʠʥʘ ʚʦʣʥʳ 

ʚʦʟʙʫʞʜʝʥʠʷ 535 ʥʤ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 587 ʥʤ) ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ɸʊʌ ʚ 

ʦʙʨʘʟʮʝ. ʃʠʟʘʪ ʜʣʷ ʘʥʘʣʠʟʘ ʧʦʣʫʯʘʣʠ ʠʟ 10 ʤʛ ʟʘʤʦʨʦʞʝʥʥʦʡ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʥʥʦʡ ʪʢʘʥʠ, 

ʢʦʪʦʨʫʶ ʩʤʝʰʠʚʘʣʠ ʩʦ 100 ʤʢʣ ʙʫʬʝʨʘ ʜʣʷ ʘʥʘʣʠʟʘ ɸʊʌ, ʘ ʟʘʪʝʤ ʜʝʧʨʦʪʝʠʥʠʟʠʨʦʚʘʣʠ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 10 ʢɼʘ ʬʠʣʴʪʨʘ MWCO (çSartoriusè, ɻʝʨʤʘʥʠʷ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɼʣʷ ʘʥʘʣʠʟʘ ʦʪʙʠʨʘʣʠ 5 ʤʢʣ ʣʠʟʘʪʘ. ʆʙʨʘʟʮʳ ʦʙʨʘʙʘʪʳʚʘʣʠ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʨʝʢʦʤʝʥʜʘʮʠʷʤʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ 

ʩʪʘʥʜʘʨʪʥʳʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ɸʊʌ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ. ʌʣʫʦʨʝʩʮʝʥʮʠʶ 

ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʧʣʘʥʰʝʪʥʦʛʦ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ Tecan Spark 10 M (çTecanè, 

ʐʚʝʡʮʘʨʠʷ). ʂʦʥʮʝʥʪʨʘʮʠʶ ɸʊʌ ʚʳʨʘʞʘʣʠ ʚ ʧʤʦʣʴ/ʤʢʣ ʵʢʩʪʨʘʢʪʘ ʪʢʘʥʠ. 

2.7. ɺʳʜʝʣʝʥʠʝ ʈʅʂ, ʦʙʨʘʪʥʘʷ ʪʨʘʥʩʢʨʠʧʮʠʷ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ 

ʊʦʪʘʣʴʥʫʶ ʈʅʂ ʚʳʜʝʣʷʣʠ ʠʟ 100 ʤʛ ʟʘʤʦʨʦʞʝʥʥʦʡ ʪʢʘʥʠ (ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʮhʳ ʙʝʜʨʘ 

ʠʣʠ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʩʝʨʜʮʘ) ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ ʧʨʦʠʟʚʦʜʠʪʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʝʘʛʝʥʪʘ 

ExtractRNA (çɽʚʨʦʛʝʥè, ʈʦʩʩʠʷ). ʇʦʣʫʯʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʈʅʂ ʦʙʨʘʙʘʪʳʚʘʣʠ ɼʅʂʘʟʦʡ I, 

ʩʚʦʙʦʜʥʦʡ ʦʪ ʈʅʂʘʟ (çThermo Fisher Scientificè). ʂʦʥʮʝʥʪʨʘʮʠʶ ʪʦʪʘʣʴʥʦʡ ʈʅʂ ʠʟʤʝʨʷʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ Nanodrop ND-1000 (çND Technologiesè, ʉʐɸ). ɼʣʷ ʩʠʥʪʝʟʘ 

ʢɼʅʂ ʙʳʣʦ ʚʟʷʪʦ 2 ʤʢʛ ʪʦʪʘʣʴʥʦʡ ʈʅʂ. ʆʙʨʘʪʥʫʶ ʪʨʘʥʩʢʨʠʧʮʠʶ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʧʨʘʡʤʝʨʘ oligo(dT)15 ʠ ʦʙʨʘʪʥʦʡ ʪʨʘʥʩʢʨʠʧʪʘʟʳ MMLV  (çɽʚʨʦʛʝʥè) ʩʦʛʣʘʩʥʦ ʠʥʩʪʨʫʢʮʠʠ 

ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʧʣʠʬʠʢʘʪʦʨʘ DTLite5 

(çɼʅʂ-ʊʝʭʥʦʣʦʛʠʷè, ʈʦʩʩʠʷ) ʠʣʠ QuantStudio 1 (çThermo Fisher Scientificè) ʠ ʨʝʘʢʮʠʦʥʥʦʡ 

ʩʤʝʩʠ qPCRmix-HS SYBR (çɽʚʨʦʛʝʥè), ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʠʥʪʝʨʢʘʣʠʨʫʶʱʝʛʦ 

ʢʨʘʩʠʪʝʣʷ ʠʩʧʦʣʴʟʫʝʪʩʷ SYBR Green II . ɺʳʙʦʨ ʠ ʘʥʘʣʠʟ ʛʝʥ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ 

ʧʨʦʚʦʜʠʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ Primer-BLAST (Ye et al., 2012), ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ 



70 

 

ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʳ ʚ ʪʘʙʣʠʮʝ 3. ʅʦʨʤʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʛʝʥʘ 

Rplp2. ʇʨʦʚʦʜʠʣʠ ʚʳʯʠʩʣʝʥʠʝ ʧʘʨʘʤʝʪʨʘ 2-æCt, ʛʜʝ ʟʥʘʯʝʥʠʝ æCt ʨʘʩʩʯʠʪʳʚʘʣʠ ʧʦ ʬʦʨʤʫʣʝ æCt 

= Ct (ʠʩʩʣʝʜʫʝʤʳʡ ʛʝʥ) ï Ct (Rplp2) (Schmittgen and Livak, 2008). 

ʊʘʙʣʠʮʘ 3 ï ʇʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʠ ʛʝʥ-ʩʧʝʮʠʬʠʯʝʩʢʠʭ ʧʨʘʡʤʝʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʇʎʈ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ 

ɻʝʥ ʇʨʷʤʘʷ (5'Ÿ3') ʆʙʨʘʪʥʘʷ (5'Ÿ3') 

Ant1 CTATGACACTGCCAAGGGGATG TCAAACGGATAGGACACCAGC 

Ant2 TCTGGACGCAAAGGAACTGA GACCATGCGCCCTTGAAA 

Atp5f1a GATCTATCCAAGCAGGCTGT AGGCGGGAGTGTAGGTAGAA 

Atp5g1* CCATCTAAGCAGCCTTCCTG CTGATCCAGCCACACCAACT 

Atp5g2* GATGCCAACAGATGAGAGCC GAAATGGCGCTGGTTTGGAA 

Atp5g3* CATTGGTTATGCCAGAAACC TCAAGAACGCAACCATCAAAC 

BKCa-DEC GGTTTACAGATGAGCCGGATA CATCTTCAACTTCTCTGATTGG 

Drp1 TTACAGCACACAGGAATTGT TTGTCACGGGCAACCTTTTA 

Emre CCAAGCCGGTGAAAATGTCC GTTCCTCAAGCAGAGCAGCG 

Gapdh GTGAGGGAGATGCYCAGTGT CTGGCATTGCTCTCAATGAC 

Mcub GCCAGTTTGTAGTCAAGCCG ATTTCACTGCCATCTGCCGT 

Micu1 AGTCCTCTCCACTCCTCAGA CTGCTCAAACTCCTCCATGT 

Micu2 CGGCTGGCAGAGTTCAAGA TCCCCGTCCAGGTCAAAGAT 

Mfn2 CACGCTGATGCAGACGGAGAA ATCCCAGCGGTTGTTCAGG 

Nd4 ATTATTATTACCCGATGAGGGAACC ATTAAGATGAGGGCAATTAGCAGT 

Nclx CTAGACTGCACTGGCTCTT TCAGGCGGAAGATCACACC 

Parkin AGCCAGAGGTCCAGCAGTTA GAGGGTTGCTTGTTTGCAGG 

Pink1 TTGCCCCACACCCTAACATC GCAGGGTACAGGGGTAGTTCT 

Ppargc1a CTGCCATTGTTAAGACCGAG GTGTGAGGAGGGTCATCGTT 

Ppif GACAGACTGGCTAGATGGCAA CTTCCCACTTTTTGAGCCGA 

Rplp2 CGGCTCAACAAGGTCATCAGTGA AGCAGAAACAGCCACAGCCCCAC 

Vdac1 CTCGCCGAACACTGGGAAA CCCAGCGATGTCAAAGTCCA 

* c-ʩʫʙʲʝʜʠʥʠʮʘ ɸʊʌ-ʩʠʥʪʘʟʳ ʧʨʦʜʫʮʠʨʫʝʪʩʷ ʪʨʝʤʷ ʛʝʥʘʤʠ: ATP5G1, ATP5G2 ʠ ATP5G3. ʆʥʠ 

ʢʦʜʠʨʫʶʪ ʠʜʝʥʪʠʯʥʳʝ ʢʦʧʠʠ ʟʨʝʣʦʛʦ ʙʝʣʢʘ ʩ ʨʘʟʣʠʯʥʳʤʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦ ʥʘʮʝʣʝʥʥʳʤʠ 

ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʷʤʠ, ʢʦʪʦʨʳʝ ʫʜʘʣʷʶʪʩʷ ʚʦ ʚʨʝʤʷ ʠʭ ʠʤʧʦʨʪʘ ʚ ʦʨʛʘʥʝʣʣʳ 
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2.8. ʂʦʣʠʯʝʩʪʚʝʥʥʘʷ ʦʮʝʥʢʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ 

ʇʨʠ ʘʥʘʣʠʟʝ ʫʨʦʚʥʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ɼʅʂ ʦʮʝʥʠʚʘʣʠ ʫʨʦʚʥʠ ʪʨʘʥʩʢʨʠʧʮʠʠ ʛʝʥʘ ND4, 

ʢʦʜʠʨʫʝʤʦʛʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʤ ʛʝʥʦʤʦʤ, ʠ ʛʝʥʘ GAPDH, ʢʦʜʠʨʫʝʤʦʛʦ ʷʜʝʨʥʳʤ ʛʝʥʦʤʦʤ 

(ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴ ʦʣʠʛʦʥʫʢʣʝʦʪʠʜʦʚ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʪʘʙʣʠʮʝ 3), ʯʪʦ ʜʘʝʪ ʚʦʟʤʦʞʥʦʩʪʴ 

ʦʮʝʥʠʪʴ ʦʪʥʦʰʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʢʦʧʠʡ ʤʪɼʅʂ ʢ ʢʦʣʠʯʝʩʪʚʫ ʢʦʧʠʡ ʷɼʅʂ. ɼʣʷ ʵʪʦʛʦ ʪʦʪʘʣʴʥʫʶ 

ɼʅʂ (ʷʜʝʨʥʫʶ, (ʷɼʅʂ) ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ, (ʤʪɼʅʂ) ʚʳʜʝʣʷʣʠ ʠʟ 10 ʤʛ ʪʢʘʥʠ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮh ʠʣʠ ʩʝʨʜʮʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʙʦʨʘ ɼʅʂ-ʕʢʩʪʨʘʥ 2 (çʉʠʥʪʦʣè, ʈʦʩʩʠʷ) ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ 

ʩ ʧʨʦʪʦʢʦʣʦʤ ʧʨʦʠʟʚʦʜʠʪʝʣʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʠʷ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 1 ʥʛ ʦʙʱʝʡ ɼʅʂ. ʆʮʝʥʢʫ 

ʩʦʜʝʨʞʘʥʠʷ ʤʪɼʅʂ ʚ ʪʢʘʥʠ ʩʝʨʜʮʘ ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʇʎʈ, ʢʘʢ ʦʧʠʩʘʥʦ ʨʘʥʝʝ (Quiros et al., 

2017), ʠ ʚʳʨʘʞʘʣʠ ʢʘʢ ʦʪʥʦʰʝʥʠʝ ʤʪɼʅʂ/ʷɼʅʂ.  

2.9. ʕʣʝʢʪʨʦʬʦʨʝʟ ʠ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛ 

ʕʢʩʪʨʘʢʪʳ ʦʙʱʝʛʦ ʙʝʣʢʘ ʛʦʪʦʚʠʣʠ ʠʟ 10 ʤʛ ʟʘʤʦʨʦʞʝʥʥʦʡ ʯʝʪʝʨʝʭʛʣʘʚʦʡ ʤʳʮhʳ ʙʝʜʨʘ 

ʠʣʠ ʩʝʨʜʝʯʥʦʡ ʤʳʮhʳ. ɼʣʷ ʥʝʜʦʧʫʱʝʥʠʷ ʜʝʛʨʘʜʘʮʠʠ ʙʝʣʢʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ ʠʥʛʠʙʠʪʦʨʳ ʧʨʦʪʝʘʟ 

(çSigma-Aldrichè, ʉʐɸ), ʢʦʢʪʝʡʣʴ ʠʥʛʠʙʠʪʦʨʦʚ ʬʦʩʬʘʪʘʟ (çSigma-Aldrichè), PMSF (1 ʤʄ), 

Na3VO4 (1 ʤʄ), ʕɻʊɸ (1 ʤʄ), ʕɼʊɸ (1 ʤʄ). ɹʝʣʢʠ ʚʳʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʙʫʬʝʨʘ RIPA 

(çMilliporeè, ʉʐɸ). Quick Start Bradford Protein Assay (çBio-Radè, ʉʐɸ) ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ 

ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʩʦʜʝʨʞʘʥʠʷ ʙʝʣʢʘ. ʆʙʨʘʟʮʳ ʨʘʟʚʦʜʠʣʠ ʚ ʙʫʬʝʨʝ ʃʵʤʤʣʠ (çBio-

Radè) ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʵʣʝʢʪʨʦʬʦʨʝʪʠʯʝʩʢʠʤ ʨʘʟʜʝʣʝʥʠʝʤ ʚ 12,5% SDS-ʇɸɸɻ (10 ʤʢʛ ʙʝʣʢʘ ʥʘ 

ʜʦʨʦʞʢʫ) ʠ ʧʝʨʝʥʦʩʦʤ ʥʘ ʥʠʪʨʦʮʝʣʣʶʣʦʟʥʫʶ ʤʝʤʙʨʘʥʫ (çAmershamè, ɻʝʨʤʘʥʠʷ). ɺ ʢʘʯʝʩʪʚʝ 

ʤʘʨʢʝʨʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠ PageRuler Prestained Protein Ladder ʦʪ çThermo Fisher Scientificè. ʇʦʩʣʝ 

ʙʣʦʢʠʨʦʚʘʥʠʷ ʦʙʝʟʞʠʨʝʥʥʳʤ ʤʦʣʦʢʦʤ ʤʝʤʙʨʘʥʳ ʠʥʢʫʙʠʨʦʚʘʣʠ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 

ʧʝʨʚʠʯʥʳʤʠ ʘʥʪʠʪʝʣʘʤʠ. ʀʩʧʦʣʴʟʦʚʘʣʠ ʤʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ anti-MCU, anti-

CBARA/MICU1 ʠ anti-ANT2/SLC25A5 (çCell Signaling technology Inc.è), total OXPHOS Rodent 

WB Antibody Cocktail, anti-alpha ʪʫʙʫʣʠʥ (çAbcamè, ʉʐɸ). ʄʦʥʦʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ anti-

ATP5G1/G2/G3, anti-VDAC1 ʠ ʧʦʣʠʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ anti-CCDC109B, anti-ʮʠʢʣʦʬʠʣʠʥ F 

(CypD), anti-SLC24A6, anti-ANT1, anti-EMRE, anti-COX IV ʙʳʣʠ ʧʨʠʦʙʨʝʪʝʥʳ ʚ çAbcamè. 

ʇʦʣʠʢʣʦʥʘʣʴʥʳʝ ʘʥʪʠʪʝʣʘ anti-EFHA1/MICU2 ʠ anti-KCNMA1 ʧʨʦʠʟʚʦʜʩʪʚʘ çThermo Fisher 

Scientificè. ɺʪʦʨʠʯʥʳʝ ʘʥʪʠʪʝʣʘ ʙʳʣʠ ʢʦʥʲʶʛʠʨʦʚʘʥʳ ʩ ʧʝʨʦʢʩʠʜʘʟʦʡ ʭʨʝʥʘ (çCell Signaling 

technology Inc.è). ɸʢʪʠʚʥʦʩʪʴ ʧʝʨʦʢʩʠʜʘʟʳ ʦʧʨʝʜʝʣʷʣʠ ʩ ʧʦʤʦʱʴʶ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʳʭ 

ʨʝʘʛʝʥʪʦʚ ECL (çPierceè, ʉʐɸ). ʆʪʥʦʩʠʪʝʣʴʥʳʝ ʫʨʦʚʥʠ ʦʙʥʘʨʫʞʝʥʥʳʭ ʙʝʣʢʦʚ 

ʚʠʟʫʘʣʠʟʠʨʦʚʘʣʠ ʩ ʧʦʤʦʱʴʶ ʩʠʩʪʝʤʳ LI-COR (çLI-CORè, ʉʐɸ) ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʥʦʨʤʘʣʠʟʘʮʠʝʡ ʥʘ ʫʨʦʚʝʥʴ COX IV ʠʣʠ Ŭ-ʪʫʙʫʣʠʥʘ. ʀʟʤʝʨʝʥʠʷ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ 

ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ LI-COR Image Studio. 
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2.10. ɺʳʜʝʣʝʥʠʝ ʠ ʨʘʙʦʪʘ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ 

2.10.1. ɺʳʜʝʣʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʠʟ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʤʳ ʝhʡ 

ʄʠʪʦʭʦʥʜʨʠʠ ʚʳʜʝʣʷʣʠ ʠʟ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʤʳʝhʡ 

(ʯʝʪʳʨʝʭʛʣʘʚʳʝ ʤʳʮhʳ ʙʝʜʨʘ ʦʙʝʠʭ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ). ʇʦʩʣʝ ʜʝʢʘʧʠʪʘʮʠʠ ʠ ʟʘʙʦʨʘ ʢʨʦʚʠ 

ʤʳʮhʳ ʙʳʩʪʨʦ ʚʳʨʝʟʘʣʠ ʥʦʞʥʠʮʘʤʠ ʠ ʦʪʤʳʚʘʣʠ ʚ ʣʝʜʷʥʦʤ PBS-ʙʫʬʝʨʝ, ʩʦʜʝʨʞʘʱʝʤ 2,7 ʤʄ 

KCl, 1,5 ʤʄ KH2PO4, 136,9 ʤʄ NaCl, 8,9 ʤʄ Na2HPO4, 10 ʤʄ ʕɼʊɸ (pH 7,4) (Frezza et al., 

2007). ɿʘʪʝʤ ʤʳʮhʳ ʧʦʜʚʝʨʛʘʣʠʩʴ ʠʟʤʝʣʴʯʝʥʠʶ ʥʦʞʥʠʮʘʤʠ, ʧʨʠ ʵʪʦʤ ʫʜʘʣʷʣʠʩʴ ʚʠʜʠʤʳʝ 

ʯʘʩʪʠʮʳ ʞʠʨʘ, ʩʚʷʟʦʢ ʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. ʈʘʟʨʝʟʘʥʥʳʝ ʤʳʮhʳ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 5 ʤʣ 

ʦʭʣʘʞʜʝʥʥʦʛʦ PBS- ʙʫʬʝʨʘ, ʜʦʧʦʣʥʝʥʥʦʛʦ 10 ʤʄ ʕɼʊɸ ʠ 0,05% ʪʨʠʧʩʠʥʦʤ, ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʥʘ 

ʣʴʜʫ ʚ ʪʝʯʝʥʠʝ 30 ʤʠʥ, ʧʦʩʣʝ ʯʝʛʦ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝ ʩʫʩʧʝʥʟʠʠ ʚ ʪʝʯʝʥʠʝ 5 

ʤʠʥʫʪ ʧʨʠ 200 g. ʉʫʧʝʨʥʘʪʘʥʪ ʦʪʙʨʘʩʳʚʘʣʠ, ʘ ʧʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ, 

ʩʦʜʝʨʞʘʱʝʡ 67 ʤʄ ʩʘʭʘʨʦʟʳ, 50 ʤʄ KCl, 10 ʤʄ ʕɼʊɸ, 0,2% ɹʉɸ ʠ 50 ʤʄ Tris-HCl (pH 7,4) ʩ 

ʧʦʤʦʱʴʶ ʨʦʪʦʨʥʦʛʦ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘ Ultra-Turrax T 10 basic (çIKAè, ʗʧʦʥʠʷ), ʧʦʩʣʝ ʯʝʛʦ 

ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʪʝʢʣʷʥʥʳʡ ʛʦʤʦʛʝʥʠʟʘʪʦʨ ʇʦʪʪʝʨʘ (ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʪʢʘʥʠ ʢ ʦʙʲʝʤʫ ʩʨʝʜʳ 1:8). 

ɿʘʪʝʤ ʛʦʤʦʛʝʥʘʪ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥʫʪ ʧʨʠ 700 g ʠ ʦʪʙʠʨʘʣʠ ʩʫʧʝʨʥʘʪʘʥʪ, 

ʢʦʪʦʨʳʡ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 10 ʤʠʥʫʪ ʧʨʠ 8000 g. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 5 ʤʣ 

ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ 250 ʤʄ ʩʘʭʘʨʦʟʳ ʠ 10 ʤʄ Tris-HCl (ʨʅ 7,4) ʠ ʚʥʦʚʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 10 

ʤʠʥ ʧʨʠ 8000 g. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʤʠʪʦʭʦʥʜʨʠʡ ʤʷʛʢʦ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʦʩʪʘʪʦʯʥʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʩʨʝʜʳ ʚʳʜʝʣʝʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ 

ɹʨʝʜʬʦʨʜʘ (Bradford, 1976), ʚ ʢʘʯʝʩʪʚʝ ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ɹʉɸ. 

2.10.2. ɺʳʜʝʣʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʠʟ ʩʝʨʜʮʘ ʤʳ ʝhʡ 

ʄʠʪʦʭʦʥʜʨʠʠ ʠʟ ʩʝʨʜʮʘ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ ʚʳʜʝʣʷʣʠ ʩʦʛʣʘʩʥʦ ʧʨʦʪʦʢʦʣʫ, 

ʦʧʠʩʘʥʥʦʤʫ ʚ ʧʨʝʜʳʜʫʱʝʤ ʨʘʟʜʝʣʝ, ʟʘ ʠʩʢʣʶʯʝʥʠʝʤ ʧʨʦʮʝʩʩʘ ʪʨʠʧʩʠʥʠʟʘʮʠʠ ʪʢʘʥʠ. ɺ ʵʪʦʤ 

ʩʣʫʯʘʝ ʙʳʩʪʨʦ ʠʟʚʣʝʯʝʥʥʦʝ ʩʝʨʜʮʝ ʦʪʤʳʚʘʣʠ ʚ PBS-ʙʫʬʝʨʝ ʙʝʟ ʪʨʠʧʩʠʥʘ, ʨʘʟʨʝʟʘʣʠ ʠ ʫʜʘʣʷʣʠ 

ʦʩʪʘʪʢʠ ʮʝʣʴʥʦʡ ʢʨʦʚʠ ʠ ʬʨʘʛʤʝʥʪʳ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ. ʆʨʛʘʥ ʧʝʨʝʥʦʩʠʣʠ ʚ ʩʨʝʜʫ, 

ʩʦʜʝʨʞʘʱʫʶ 67 ʤʄ ʩʘʭʘʨʦʟʳ, 50 ʤʄ KCl, 10 ʤʄ ʕɼʊɸ, 0,2% ɹʉɸ ʠ 50 ʤʄ Tris-HCl (pH 7,4), ʠ 

ʛʦʤʦʛʝʥʠʟʠʨʦʚʘʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʨʦʪʦʨʥʦʛʦ ʛʦʤʦʛʝʥʠʟʘʪʦʨʘ Ultra-Turrax T 10 basic (çIKAè) 

ʩ ʧʦʩʣʝʜʫʶʱʠʤ ʧʝʨʝʥʦʩʦʤ ʚ ʩʪʝʢʣʷʥʥʳʡ ʛʦʤʦʛʝʥʠʟʘʪʦʨ ʇʦʪʪʝʨʘ (ʦʪʥʦʰʝʥʠʝ ʤʘʩʩʳ ʪʢʘʥʠ ʢ 

ʦʙʲʝʤʫ ʩʨʝʜʳ 1:8). ɻʦʤʦʛʝʥʘʪ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 10 ʤʠʥʫʪ ʧʨʠ 700 g. ʇʦʣʫʯʝʥʥʳʡ ʦʩʘʜʦʢ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 5 ʤʣ ʩʨʝʜʳ, ʩʦʜʝʨʞʘʱʝʡ 250 ʤʄ ʩʘʭʘʨʦʟʳ ʠ 10 ʤʄ Tris-HCl (ʨʅ 7,4) ʠ 

ʚʥʦʚʴ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ 10 ʤʠʥ ʧʨʠ 8000 g. ʇʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʤʠʪʦʭʦʥʜʨʠʡ ʤʷʛʢʦ 

ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʦʩʪʘʪʦʯʥʦʤ ʢʦʣʠʯʝʩʪʚʝ ʩʨʝʜʳ ʚʳʜʝʣʝʥʠʷ. ʂʦʥʮʝʥʪʨʘʮʠʶ 
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ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ ʦʧʨʝʜʝʣʷʣʠ ʤʝʪʦʜʦʤ ɹʨʝʜʬʦʨʜʘ (Bradford, 1976), ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʥʜʘʨʪʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ɹʉɸ. 

2.10.3. ʆʮʝʥʢʘ ʜʳʭʘʥʠʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ 

ɼʳʭʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʣʷʨʦʛʨʘʬʠʯʝʩʢʠʤ ʤʝʪʦʜʦʤ ʧʨʠ 25Üʉ ʩ 

ʧʦʤʦʱʴʶ ʵʣʝʢʪʨʦʜʘ ʂʣʘʨʢʘ ʠ ʫʩʪʘʥʦʚʢʠ Oxygraph-2k (çOroboros instrumentsè, ɸʚʩʪʨʠʷ) ʠʣʠ 

Oxygraph Plus (çHansatech Instrumentsè, ɺʝʣʠʢʦʙʨʠʪʘʥʠʷ). ʉʨʝʜʘ ʠʥʢʫʙʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʩʝʨʜʮʘ ʩʦʜʝʨʞʘʣʘ 120 ʤʄ KCl, 5 ʤʄ NaH2PO4 ʠ 10 ʤʄ Hepes-KOH (pH 7.4). 

ʇʨʠʤʝʥʷʣʠ ʩʣʝʜʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʠ ʜʨʫʛʠʭ ʨʝʘʛʝʥʪʦʚ: 2,5 ʤʄ ʤʘʣʘʪ ʢʘʣʠʷ, 2,5 

ʤʄ ʛʣʫʪʘʤʘʪ ʢʘʣʠʷ, 5 ʤʄ ʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ, 0,2 ʤʄ ɸɼʌ, 50 ʤʢʄ 2,4-ʜʠʥʠʪʨʦʬʝʥʦʣ (ɼʅʌ) ʠ 1 

ʤʢʄ ʨʦʪʝʥʦʥ. ʆʮʝʥʠʚʘʣʠ ʜʳʭʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʦʩʥʦʚʥʦʤ ʤʝʪʘʙʦʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ (ʪ.ʝ. ʚ 

ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʟʦʛʝʥʥʳʭ ʩʫʙʩʪʨʘʪʦʚ ʠʣʠ ʩʦʩʪʦʷʥʠʝ 2), ʚ ʩʦʩʪʦʷʥʠʠ 3 (ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʵʢʟʦʛʝʥʥʳʭ 

ʩʫʙʩʪʨʘʪʦʚ ʠ Aɼʌ), ʚ ʩʦʩʪʦʷʥʠʝ 4 (ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʚʝʩʴ ʜʦʙʘʚʣʝʥʥʳʡ Aɼʌ ʙʳʣ ʠʟʨʘʩʭʦʜʦʚʘʥ ʚ 

ʧʨʦʮʝʩʩʝ ʩʠʥʪʝʟʘ ɸʊʌ), ʩʢʦʨʦʩʪʴ ʜʳʭʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʩʦʩʪʦʷʥʠʠ 3Uɼʅʌ (ʚ ʧʨʠʩʫʪʩʪʚʠʠ 

ʧʨʦʪʦʥʦʬʦʨʥʦʛʦ ʨʘʟʦʙʱʠʪʝʣʷ ɼʅʌ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 50 ʤʢʄ, ʚʳʟʳʚʘʶʱʝʡ ʤʘʢʩʠʤʘʣʴʥʫʶ 

ʩʪʠʤʫʣʷʮʠʶ ʜʳʭʘʥʠʷ). ʉʢʦʨʦʩʪʴ ʦʢʠʩʣʝʥʠʷ ʩʫʙʩʪʨʘʪʦʚ ʚʳʨʘʞʝʥʘ ʚ ʥʤʦʣʴ O2/ʤʠʥ/ʤʛ ʙʝʣʢʘ 

ʤʠʪʦʭʦʥʜʨʠʡ. ʂʦʵʬʬʠʮʠʝʥʪ ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ (ɼʂ = ʩʦʩʪʦʷʥʠʝ 3/ʩʦʩʪʦʷʥʠʝ 4). Aɼʌ/O ï 

ʩʪʝʭʠʦʤʝʪʨʠʯʝʩʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ, ʧʦʢʘʟʳʚʘʶʱʠʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. ɿʥʘʯʝʥʠʝ ʢʦʵʬʬʠʮʠʝʥʪʘ Aɼʌ/O ʦʧʨʝʜʝʣʷʣʠ ʧʫʣʴʩʦʚʳʤ ʤʝʪʦʜʦʤ (Chance 

and Williams, 1955). ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ ʚ ʷʯʝʡʢʝ ʩʦʩʪʘʚʣʷʣʘ 0,25-0,5 

ʤʛ/ʤʣ. 

2.10.4. ʆʮʝʥʢʘ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ 

ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ ʦʮʝʥʠʚʘʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩʦʛʣʘʩʥʦ ʦʙʱʝʧʨʠʥʷʪʳʤ ʧʨʦʪʦʢʦʣʘʤ (Spinazzi et al., 2012; Pollard et al., 

2016; Venediktova et al., 2021) ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʣʘʥʰʝʪʥʦʛʦ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Multiskan GO 

(çThermo Fisher Scientificè). ɼʣʷ ʨʘʟʨʫʰʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ, ʦʩʚʦʙʦʞʜʝʥʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ 

ʢʦʤʧʣʝʢʩʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʠ ʜʦʩʪʠʞʝʥʠʷ ʠʭ ʤʘʢʩʠʤʘʣʴʥʦʡ ʬʝʨʤʝʥʪʘʪʠʚʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

ʠʟʦʣʠʨʦʚʘʥʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ (10 ʤʛ/ʤʣ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ) ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʦʜʚʝʨʛʘʣʠ 

ʪʨʝʭʢʨʘʪʥʦʡ ʧʨʦʮʝʜʫʨʝ ʟʘʤʦʨʘʞʠʚʘʥʠʷ/ʦʪʪʘʠʚʘʥʠʷ ʧʨʠ ï20/+30Áʉ ʚ ʛʠʧʦʪʦʥʠʯʝʩʢʦʤ ʙʫʬʝʨʝ, 

ʩʦʜʝʨʞʘʚʰʝʤ 10 ʤʄ Tris-HCl (pH 7.6). ʉʦʩʪʘʚ ʙʫʬʝʨʦʚ, ʠʩʧʦʣʴʟʦʚʘʥʥʳʭ ʜʣʷ ʘʥʘʣʠʟʘ 

ʘʢʪʠʚʥʦʩʪʠ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ, ʧʨʠʚʝʜʝʥ ʚ ʨʘʙʦʪʘʭ (Spinazzi et al., 

2012; Pollard et al., 2016; Venediktova et al., 2021). ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ I ʦʮʝʥʠʚʘʣʘʩʴ ʧʨʠ 25ÁC 

ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2,6-ʜʠʭʣʦʨʬʝʥʦʣʠʥʜʦʬʝʥʦʣʘ ʨʘʟʨʫʰʝʥʥʳʤʠ ʤʠʪʦʭʦʥʜʨʠʷʤʠ 
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(50 ʤʢʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ/ʤʣ), ʢʦʪʦʨʦʝ ʦʮʝʥʠʚʘʣʦʩʴ ʧʦ ʩʢʦʨʦʩʪʠ ʫʤʝʥʴʰʝʥʠʷ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ 600 ʥʤ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 100 ʤʢʄ ʅɸɼʅ (Pollard et al., 2016). 

ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ II ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʦʮʝʥʠʚʘʣʠ ʧʨʠ 37ÁC ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 2,6-ʜʠʭʣʦʨʬʝʥʦʣʠʥʜʦʬʝʥʦʣʷʪʘ ʥʘʪʨʠʷ ʩʫʩʧʝʥʟʠʝʡ ʨʘʟʨʫʰʝʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ 

(50 ʤʢʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ/ʤʣ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʩʫʙʩʪʨʘʪʘ ʦʢʠʩʣʝʥʠʷ ʩʫʢʮʠʥʘʪʘ, ʢʦʪʦʨʦʝ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʩʥʠʞʝʥʠʶ ʩʚʝʪʦʧʦʛʣʦʱʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 600 ʥʤ ʧʦʩʣʝ 

ʚʥʝʩʝʥʠʷ 50 ʤʢʄ ʜʝʮʠʣʫʙʠʭʠʥʦʥʘ. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ III ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʦʮʝʥʠʚʘʣʠ ʧʨʠ 

25ÁC ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʙʘʚʣʝʥʥʦʛʦ ʮʠʪʦʭʨʦʤʘ ʩ ʩʫʩʧʝʥʟʠʝʡ ʨʘʟʨʫʰʝʥʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʡ (25 ʤʢʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ/ʤʣ), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʩʥʠʞʝʥʠʶ 

ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 550 ʥʤ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 100 ʤʢʄ 

ʜʝʮʠʣʫʙʠʭʠʥʦʣʘ. ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ IV ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʦʮʝʥʠʚʘʣʠ ʧʨʠ 25ÁC ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʝʥʠʷ ʜʦʙʘʚʣʝʥʥʦʛʦ ʮʠʪʦʭʨʦʤʘ ʩ (ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ 

(Spinazzi et al., 2012)) ʩʫʩʧʝʥʟʠʝʡ ʨʘʟʨʫʰʝʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ (50 ʤʢʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 

ʙʝʣʢʘ/ʤʣ), ʢʦʪʦʨʦʝ ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʦ ʩʥʠʞʝʥʠʶ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʩʫʩʧʝʥʟʠʠ ʧʨʠ ʜʣʠʥʝ 

ʚʦʣʥʳ 550 ʥʤ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ ʩʫʩʧʝʥʟʠʠ ʨʘʟʨʫʰʝʥʥʳʭ ʦʨʛʘʥʝʣʣ. ʉʫʤʤʘʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ I ʠ III ʦʮʝʥʠʚʘʣʘʩʴ ʧʨʠ 25ÁC ʧʦ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʙʘʚʣʝʥʥʦʛʦ 

ʮʠʪʦʭʨʦʤʘ ʩ ʩʫʩʧʝʥʟʠʝʡ ʨʘʟʨʫʰʝʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ (50 ʤʢʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ/ʤʣ), ʯʪʦ 

ʚʳʨʘʞʘʣʦʩʴ ʚ ʩʥʠʞʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 550 ʥʤ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 200 

ʤʢʄ ʅɸɼʅ. ʉʫʤʤʘʨʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ II ʠ III ʙʳʣʘ ʦʮʝʥʝʥʘ ʧʨʠ 37ÁC ʧʦ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʜʦʙʘʚʣʝʥʥʦʛʦ ʮʠʪʦʭʨʦʤʘ c ʩʫʩʧʝʥʟʠʝʡ ʨʘʟʨʫʰʝʥʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʡ (50 ʤʢʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ/ʤʣ), ʯʪʦ ʚʳʨʘʞʘʣʦʩʴ ʚ ʩʥʠʞʝʥʠʠ ʦʧʪʠʯʝʩʢʦʡ 

ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 550 ʥʤ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 50 ʤʢʄ ʮʠʪʦʭʨʦʤʘ ʩ (ʦʢʠʩʣʝʥʥʦʡ ʬʦʨʤʳ). 

ɸʥʘʣʠʟ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ V ʙʳʣ ʦʩʥʦʚʘʥ ʥʘ ʩʚʷʟʠ ʝʛʦ ɸʊʌ-ʘʟʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʠ ʦʢʠʩʣʝʥʠʷ 

ʅɸɼʅ ʧʦʩʨʝʜʩʪʚʦʤ ʨʝʘʢʮʠʡ ʧʨʝʚʨʘʱʝʥʠʷ ʬʦʩʬʦʝʥʦʣʧʠʨʫʚʘʪʘ ʚ ʧʠʨʫʚʘʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 

ʧʠʨʫʚʘʪʢʠʥʘʟʳ, ʘ ʟʘʪʝʤ ʧʠʨʫʚʘʪʘ ʚ ʣʘʢʪʘʪ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʢʪʘʪʜʝʛʠʜʨʦʛʝʥʘʟʳ (Venediktova et 

al., 2021). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʨʝʘʢʮʠʶ ʧʨʦʚʦʜʠʣʠ ʧʨʠ 25Áʉ ʠ ʟʘʧʫʩʢʘʣʠ ʧʫʪʝʤ ʚʥʝʩʝʥʠʷ ʩʫʩʧʝʥʟʠʠ 

ʨʘʟʨʫʰʝʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ (50 ʤʢʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ/ʤʣ), ʧʦʩʣʝ ʯʝʛʦ ʦʮʝʥʠʚʘʣʠ 

ʩʥʠʞʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 340 ʥʤ, ʦʪʨʘʞʘʶʱʝʝ ʦʢʠʩʣʝʥʠʝ ʅɸɼʅ. 

ɸʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʦʮʝʥʠʚʘʣʠ ʚ ʪʝʯʝʥʠʝ ʧʝʨʚʳʭ 2ï3 ʤʠʥ ʩ ʥʘʯʘʣʘ 

ʨʝʜʦʢʩ-ʨʝʘʢʮʠʠ (ʥʤʦʣʴ/ʤʠʥ ʥʘ 1 ʤʛ ʙʝʣʢʘ). ɺʣʠʷʥʠʝ ʨʘʟʣʠʯʥʳʭ ʘʛʝʥʪʦʚ ʥʘ ʘʢʪʠʚʥʦʩʪʴ 

ʢʦʤʧʣʝʢʩʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʚʳʨʘʞʘʣʠ ʚ ʧʨʦʮʝʥʪʘʭ ʦʪ ʩʨʝʜʥʝʡ ʘʢʪʠʚʥʦʩʪʠ, ʨʝʛʠʩʪʨʠʨʫʝʤʦʡ ʚ 

ʩʝʨʠʠ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. 
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2.10.5. ʆʮʝʥʢʘ ʨʘʟʥʦʩʪʠ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ (ȹɣ) ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʝ 

ʤʠʪʦʭʦʥʜʨʠʡ 

ʈʘʟʥʦʩʪʴ ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʧʦʪʝʥʮʠʘʣʦʚ (ȹɣ) ʥʘ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʝ ʤʠʪʦʭʦʥʜʨʠʡ 

ʦʮʝʥʠʚʘʣʠ ʧʦ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʟʦʥʜʘ ʩʘʬʨʘʥʠʥʘ ʆ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ 

ʤʝʤʙʨʘʥʫ ʩ ʧʦʤʦʱʴʶ ʧʣʘʥʰʝʪʥʦʛʦ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ Varioskan LUX (çThermo Fisher 

Scientificè) ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 520 ʥʤ ʠ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 580 ʥʤ. ʉʨʝʜʘ 

ʠʥʢʫʙʘʮʠʠ ʩʦʜʝʨʞʘʣʘ 210 ʤʄ ʤʘʥʥʠʪʦʣ, 70 ʤʄ ʩʘʭʘʨʦʟʫ, 1 ʤʄ KH2PO4, 10 ʤʢʄ ʕɻʊɸ, 10 ʤʄ 

Hepes-KOH (pH 7,4). ʇʨʠʤʝʥʷʣʠ ʩʣʝʜʫʶʱʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʩʫʙʩʪʨʘʪʦʚ ʠ ʜʨʫʛʠʭ ʨʝʘʛʝʥʪʦʚ: 2,5 

ʤʄ ʤʘʣʘʪ ʢʘʣʠʷ, 2,5 ʤʄ ʛʣʫʪʘʤʘʪ ʢʘʣʠʷ, 5 ʤʄ ʷʥʪʘʨʥʘʷ ʢʠʩʣʦʪʘ, 1 ʤʢʄ FCCP, 50 ʤʢʄ ɼʅʌ ʠ 1 

ʤʢʄ ʨʦʪʝʥʦʥ. ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ ʚ ʷʯʝʡʢʝ ʩʦʩʪʘʚʣʷʣʘ 0,5 ʤʛ/ʤʣ. 

2.10.6. ʆʮʝʥʢʘ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ H2O2 ʤʠʪʦʭʦʥʜʨʠʷʤʠ 

ʉʢʦʨʦʩʪʴ ʦʙʨʘʟʦʚʘʥʠʷ ʅ2ʆ2 ʠʟʤʝʨʷʣʠ ʩ ʧʦʤʦʱʴʶ ʪʝʩʪ-ʩʠʩʪʝʤʳ, ʚʢʣʶʯʘʶʱʝʡ ʚ ʩʝʙʷ 

ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʠʥʜʠʢʘʪʦʨ Amplex Red ʠ ʧʝʨʦʢʩʠʜʘʟʫ ʭʨʝʥʘ ʥʘ ʧʣʘʥʰʝʪʥʦʤ ʬʣʫʦʨʠʤʝʪʨʝ 

Varioskan LUX ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 560 ʥʤ ʠ ʜʣʠʥʝ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 590 ʥʤ. ʉʨʝʜʘ 

ʠʥʢʫʙʘʮʠʠ ʩʦʜʝʨʞʘʣʘ 210 ʤM ʤʘʥʥʠʪʦʣ, 70 ʤM ʩʘʭʘʨʦʟʫ, 2,5 ʤʄ ʤʘʣʘʪ ʢʘʣʠʷ, 2,5 ʤʄ 

ʛʣʫʪʘʤʘʪʘ ʢʘʣʠʷ, 1 ʤM KH2PO4, 10 ʤʢM ʕɻTA ʠ 10 ʤM HepesïKOH (pH 7,4), 10 ʤʢʄ Amplex 

Red ʠ ʧʝʨʦʢʩʠʜʘʟʫ ʭʨʝʥʘ (ʘʢʪ. 1 ʝʜ/ʤʣ). ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʣʘ 

0,1 ï 0,15 ʤʛ/ʤʣ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʧʨʠ 37ÁC ʠ ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʂʦʣʠʯʝʩʪʚʦ 

ʦʙʨʘʟʦʚʘʥʥʦʡ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʨʘʩʩʯʠʪʳʚʘʣʦʩʴ ʧʦ ʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ. ʉʪʘʥʜʘʨʪʥʳʡ 

ʨʘʩʪʚʦʨ H O  ʙʳʣ ʧʨʠʛʦʪʦʚʣʝʥ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʚ ʜʝʥʴ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʝʛʦ 

ʢʦʥʮʝʥʪʨʘʮʠʶ ʦʧʨʝʜʝʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʦʵʬʬʠʮʠʝʥʪʘ ʤʦʣʷʨʥʦʡ ʵʢʩʪʠʥʢʮʠʠ ɽ240 = 43,6 

Mī1 Ĭ ʩʤï1. 

2.10.7. ʀʟʤʝʨʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʢʘʣʴʮʠʷ ʠ ʢʘʣʴʮʠʝʚʦʡ ʝʤʢʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ 

ʊʨʘʥʩʧʦʨʪ Ca2+ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʤʝʤʙʨʘʥʫ ʦʮʝʥʠʚʘʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʩ ʧʦʤʦʱʴʶ ʠʥʜʠʢʘʪʦʨʘ ʘʨʩʝʥʘʟʦ III (3,6-ʙʠʩ-[(2-ʘʨʩʦʥʦʬʝʥʠʣ)ʘʟʦ]-4,5-

ʜʠʛʠʜʨʦʢʩʠ-2,7-ʥʘʬʪʘʣʠʥʜʠʩʫʣʴʬʦʢʠʩʣʦʪʘ) ʧʨʠ 675ï685 ʥʤ ʩ ʧʦʤʦʱʴʶ ʧʣʘʥʰʝʪʥʦʛʦ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ Tecan Spark 10 M (çTecanè, ʐʚʝʡʮʘʨʠʷ) ʠʣʠ Multiskan GO ʧʨʠ 25Áʉ ʠ 

ʧʦʩʪʦʷʥʥʦʤ ʧʝʨʝʤʝʰʠʚʘʥʠʠ. ʇʨʠ ʥʝʡʪʨʘʣʴʥʦʤ ʟʥʘʯʝʥʠʠ ʨʅ ʉʘ2+ ʦʙʨʘʟʫʝʪ ʢʦʤʧʣʝʢʩ ʩ ʘʨʩʝʥʘʟʦ 

III, ʢʦʪʦʨʳʡ ʠʤʝʝʪ ʩʠʥʶʶ ʦʢʨʘʩʢʫ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʦʢʨʘʩʢʠ ʧʨʦʧʦʨʮʠʦʥʘʣʴʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ 

Ca2+ ʚ ʦʙʨʘʟʮʝ ʠ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʨʝʥʘ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ. ʄʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 

ʠʣʠ ʩʝʨʜʮʘ (0,25ï0,5 ʤʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ/ʤʣ) ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʠʥʢʫʙʘʮʠʦʥʥʦʡ ʩʨʝʜʝ, 

ʩʦʜʝʨʞʘʱʝʡ 210 ʤʄ ʤʘʥʥʠʪʦʣʘ, 70 ʤʄ ʩʘʭʘʨʦʟʳ, 2,5 ʤʄ ʤʘʣʘʪʘ ʢʘʣʠʷ, 2,5 ʤʄ ʛʣʫʪʘʤʘʪʘ ʢʘʣʠʷ, 
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1 ʤʄ KH2PO4, 50 ʤʢʄ ʘʨʩʝʥʘʟʦ III, 10 ʤʢʄ ʕɻʊɸ ʠ 10 ʤʄ Hepes-KOH (pH 7,4.) ʇʦʩʣʝ 

ʜʦʙʘʚʣʝʥʠʷ 50 ʤʢʄ CaCl2 ʦʧʨʝʜʝʣʷʣʠ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʉʘ
2+ ʤʠʪʦʭʦʥʜʨʠʷʤʠ (ʥʤʦʣʴ 

ʉʘ2+/ʤʠʥ/ʤʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ) ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 ʤʢʄ ʮʠʢʣʦʩʧʦʨʠʥʘ ɸ (ʎʩɸ). ʉʢʦʨʦʩʪʴ 

ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʉʘ2+ ʠʟ ʦʨʛʘʥʝʣʣ (ʥʤʦʣʴ ʉʘ2+/ʤʠʥ/ʤʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ) ʦʧʨʝʜʝʣʷʣʠ 

ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ 0,5 ʤʢʄ ʨʫʪʝʥʠʝʚʦʛʦ ʢʨʘʩʥʦʛʦ ʠ 5 ʤʄ NaCl ʢ ʩʫʩʧʝʥʟʠʠ ʥʘʛʨʫʞʝʥʥʳʭ ʉʘ2+ 

ʤʠʪʦʭʦʥʜʨʠʡ. ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʫʜʝʨʞʠʚʘʪʴ Ca2+ ʚ ʨʝʘʢʮʠʦʥʥʫʶ 

ʩʨʝʜʫ (ʥʝ ʩʦʜʝʨʞʘʱʫʶ ʎʩɸ) ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦ ʜʦʙʘʚʣʷʣʠ 5 ï 10 ʤʢʄ CaCl2. ʇʦʩʣʝ ʥʝʩʢʦʣʴʢʠʭ 

ʜʦʙʘʚʣʝʥʠʡ ʧʨʦʠʩʭʦʜʠʣʦ ʫʚʝʣʠʯʝʥʠʝ ʚʥʝʰʥʝʛʦ [Ca2+], ʯʪʦ ʫʢʘʟʳʚʘʣʦ ʥʘ ʤʘʩʩʠʚʥʦʝ 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʠʦʥʘ ʠʟ ʦʨʛʘʥʝʣʣ ʚʩʣʝʜʩʪʚʠʝ ʦʪʢʨʳʪʠʷ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʦʡ MPT-ʧʦʨr. 

ʉʧʦʩʦʙʥʦʩʪʴ Ca2+ ʠʥʜʫʮʠʨʦʚʘʪʴ ʦʪʢʨʳʪʠʝ ʧʦʨʳ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʚʳʨʘʞʘʣʘʩʴ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʢʘʢ 

ʢʘʣʴʮʠʝʚʘʷ ʝʤʢʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʡ, ʪ.ʝ. ʪʦ ʤʘʢʩʠʤʘʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ Ca2+, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ 

ʘʢʢʫʤʫʣʠʨʦʚʘʥʦ ʚ ʤʘʪʨʠʢʩʝ ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʛʦ ʦʪʢʨʳʪʠʷ ʧʦʨʳ. 

2.10.8. ʀʟʤʝʨʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ K+ ʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʠʦʥʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʊʨʘʥʩʧʦʨʪ ʂ+ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʦʧʨʝʜʝʣʷʣʠ ʧʦ ʩʢʦʨʦʩʪʠ ɼʅʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʳʭʦʜʘ 

ʂ+ ʠʟ ʦʨʛʘʥʝʣʣ ʩ ʧʦʤʦʱʴʶ ʂ+-ʩʝʣʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʜʘ, ʘ ʦʙʱʝʝ ʩʦʜʝʨʞʘʥʠʝ ʂ+ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʦʧʨʝʜʝʣʷʣʦʩʴ ʧʫʪʝʤ ʧʦʩʣʝʜʫʶʱʝʡ ʩʦʣʶʙʠʣʠʟʘʮʠʠ 0,1%-ʥʳʤ (w/v) Triton X-100 (ɹʘʨʘʥʦʚʘ ʠ ʜʨ., 

2000). ʉʨʝʜʘ ʠʥʢʫʙʘʮʠʠ ʩʦʜʝʨʞʘʣʘ 180 ʤʄ ʩʘʭʘʨʦʟʳ, 70 ʤʄ ʤʘʥʥʠʪʘ, 5 ʤʄ NaH2PO4, 1 ʤʢʛ/ʤʣ 

ʦʣʠʛʦʤʠʮʠʥʘ ʠ 10 ʤʄ Tris-HCl (ʨʅ 7,4). ʂʦʥʮʝʥʪʨʘʮʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ ʩʦʩʪʘʚʣʷʣʘ 

0,25 ʤʛ/ʤʣ. 

2.10.9. ʆʧʨʝʜʝʣʝʥʠʝ ʫʨʦʚʥʷ ʣʠʧʠʜʥʳʭ ʧʝʨʝʢʠʩʝʡ 

ʋʨʦʚʝʥʴ ʣʠʧʠʜʥʳʭ ʧʝʨʝʢʠʩʝʡ ʚ ʩʫʩʧʝʥʟʠʠ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʦʮʝʥʠʚʘʣʠ 

ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʠ ʧʦ ʠʟʤʝʥʝʥʠʶ ʫʨʦʚʥʷ ʨʝʘʢʪʠʚʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʪʠʦʙʘʨʙʠʪʫʨʦʚʦʡ 

ʢʠʩʣʦʪʳ. ɸʥʘʣʠʟ ʧʦʟʚʦʣʷʝʪ ʢʦʣʠʯʝʩʪʚʝʥʥʦ ʦʧʨʝʜʝʣʠʪʴ ʫʨʦʚʥʠ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ (ʄɼɸ) 

ʠ ʜʨʫʛʠʭ ʚʪʦʨʦʩʪʝʧʝʥʥʳʭ ʘʣʴʜʝʛʠʜʦʚ ʧʦʩʨʝʜʩʪʚʦʤ ʠʭ ʨʝʘʢʮʠʠ ʩ ʪʠʦʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ 

(ʊɹʂ). ʂʦʥʮʝʥʪʨʘʮʠʶ ʄɼɸ ʨʘʩʩʯʠʪʳʚʘʣʠ, ʠʩʧʦʣʴʟʫʷ ʤʦʣʷʨʥʳʡ ʢʦʵʬʬʠʮʠʝʥʪ ʧʦʛʣʦʱʝʥʠʷ 

ʦʢʨʘʰʝʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʊɹʂ-ʄɼɸ (E535 = 1,56ʭ105 M-1 ʭ ʩʤ-1) (Belosludtseva et al., 2020). 

2.10.10. ʆʧʨʝʜʝʣʝʥʠʝ ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʤʝʤʙʨʘʥ ʤʠʪʦʭʦʥʜʨʠʡ 

ʌʘʟʦʚʦʝ ʩʦʩʪʦʷʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʳ ʦʧʨʝʜʝʣʷʣʠ ʧʫʪʝʤ ʠʟʤʝʨʝʥʠʷ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʣʘʫʨʜʘʥʘ ʚ ʪʝʨʤʦʩʪʘʪʠʨʫʝʤʳʭ (37Áʉ) 96-ʣʫʥʦʯʥʳʭ ʧʣʘʥʰʝʪʘʭ. ɺ 

ʵʪʦʤ ʩʣʫʯʘʝ ʤʠʪʦʭʦʥʜʨʠʠ (0,5 ʤʛ/ʤʣ) ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 210 ʤʄ ʤʘʥʥʠʪʦʣʘ, 

70 ʤʄ ʩʘʭʘʨʦʟʳ, 2,5 ʤʄ ʛʣʫʪʘʤʘʪʘ, 2,5 ʤʄ ʤʘʣʘʪʘ, 1 ʤʄ KH2PO4, 10 ʤʄ ʕɻʊɸ ʠ 10 ʤʄ Hepes-
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KOH (pH 7,4). ʇʦʩʣʝ ʵʪʦʛʦ ʢ ʦʙʨʘʟʮʘʤ ʜʦʙʘʚʣʷʣʠ 1 ʤʢʄ ʣʘʫʨʜʘʥʘ ʠ ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʪʝʤʥʦʪʝ ʚ 

ʪʝʯʝʥʠʝ 30 ʤʠʥ ʧʨʠ 37Áʉ. ʌʣʫʦʨʝʩʮʝʥʮʠʶ ʣʘʫʨʜʘʥʘ ʚʦʟʙʫʞʜʘʣʠ ʧʨʠ 340 ʥʤ, ʘ ʵʤʠʩʩʠʶ 

ʦʮʝʥʠʚʘʣʠ ʧʨʠ 430 ʠ 490 ʥʤ ʩ ʧʦʤʦʱʴʶ ʧʣʘʥʰʝʥʪʥʦʛʦ ʨʠʜʝʨʘ Tecan Spark 10M (çTecanè). 

ɻʝʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ (ɻʇ) ʣʘʫʨʜʘʥʘ ʦʧʨʝʜʝʣʷʣʘʩʴ ʢʘʢ ɻʇ = (I430īI490)/(I430+I490), ʛʜʝ 

I430 ʠ I490 ð ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 440 ʠ 490 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Amaral et al., 2016). ɻʇ 

ʪʝʦʨʝʪʠʯʝʩʢʠ ʤʦʞʝʪ ʧʨʠʥʠʤʘʪʴ ʟʥʘʯʝʥʠʷ ʦʪ +1 (ʥʘʠʙʦʣʝʝ ʫʧʦʨʷʜʦʯʝʥʥʳʡ) ʜʦ -1 (ʥʘʠʤʝʥʝʝ 

ʫʧʦʨʷʜʦʯʝʥʥʳʡ). 

2.11. ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʘ ̫ʟʘʤʝʩʪʠʪʝʣʴʥʘ ̫ʪʝʨʘʧʠ ̫

2.11.1. ʄʝʯʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh ʤʳ ʠh ʩ ʧʦʤʦʱʴʶ MitoTracker Red 

CMXRos ʠ ʚʚʝʜʝʥʠʝ ʠʭ ʞʠʚʦʪʥʳʤ 

ʄʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh (1 ʤʢʛ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʙʝʣʢʘ/ʛ ʤʘʩʩʳ ʤʳʠh) ʤʳʠh 

ʣʠʥʠʠ C57BL/10, ʚʳʜʝʣʝʥʥʳʝ ʚʳʰʝʫʢʘʟʘʥʥʳʤ ʤʝʪʦʜʦʤ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʦʛʦ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʷ (ʛʣʘʚʘ 2.10.1), ʚʚʦʜʠʣʠʩʴ mdx-ʞʠʚʦʪʥʳʤ ʪʫʙʝʨʢʫʣʠʥʦʚʳʤ ʰʧʨʠʮʦʤ ʩ ʠʛʣʦʡ 

30G. ʀʩʧʦʣʴʟʦʚʘʣʠ ʤʠʪʦʭʦʥʜʨʠʠ, ʧʘʨʘʤʝʪʨ ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʦʪʦʨʳʭ ʙʳʣ ʦʢʦʣʦ 4 

(ʩʫʙʩʪʨʘʪ ï 2,5 ʤʄ ʛʣʫʪʘʤʘʪ ʠ 2,5 ʤʄ ʤʘʣʘʪ). ʇʨʠ ʵʪʦʤ ʧʨʝʜʚʘʨʠʪʝʣʴʥʘʷ ʠʥʢʫʙʘʮʠʷ ʦʨʛʘʥʝʣʣ ʩ 

ʮʠʪʦʭʨʦʤʦʤ c ʫʚʝʣʠʯʠʚʘʣʘ ʩʢʦʨʦʩʪʠ ʜʳʭʘʥʠʷ ʥʝ ʙʦʣʝʝ, ʯʝʤ ʥʘ 15%, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʣʦ ʦ 

ʩʦʭʨʘʥʝʥʠʠ ʮʝʣʦʩʪʥʦʩʪʠ ʤʝʤʙʨʘʥ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ (Alway et al., 2023ʘ). 

ʄʠʪʦʭʦʥʜʨʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʩʣʦʚʠʷʤ, ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ ʠʥʢʫʙʘʮʠʠ, ʩʦʜʝʨʞʘʱʝʡ 

120 ʤʄ KCl, 5 ʤʄ NaH2PO4 ʠ 10 ʤʄ Hepes-KOH (pH 7,4), ʢʦʪʦʨʘʷ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ ʩʫʙʩʪʨʘʪʘʤʠ 

ʜʳʭʘʥʠʷ (2,5 ʤʄ ʛʣʫʪʘʤʘʪʘ, 2,5 ʤʄ ʤʘʣʘʪʘ ʠ 5 ʤʄ ʩʫʢʮʠʥʘʪʘ) ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ 

ʠʥʲʝʢʮʠʡ mdx-ʤʳʘhʤ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʢʘʞʜʦʝ ʞʠʚʦʪʥʦʝ (n=12) ʧʦʣʫʯʘʣʦ ʜʚʝ ʠʥʲʝʢʮʠʠ 

ʩʫʩʧʝʥʟʠʠ ʦʨʛʘʥʝʣʣ ï ʧʦ ʦʜʥʦʡ ʚ ʤʳʮhʳ ʧʝʨʝʜʥʝʡ ʠ ʟʘʜʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ ʙʝʜʨʘ. ʂʦʥʪʨʦʣʴʥʳʝ 

mdx-ʞʠʚʦʪʥʳʝ ʧʦʣʫʯʘʣʠ ʠʥʲʝʢʮʠʠ ʫʢʘʟʘʥʥʦʡ ʩʨʝʜʳ ʠʥʢʫʙʘʮʠʠ ʙʝʟ ʤʠʪʦʭʦʥʜʨʠʡ. ʀʥʲʝʢʮʠʠ 

ʧʨʦʠʟʚʦʜʠʣʠʩʴ ʯʝʨʝʟ ʜʚʘ ʜʥʷ ʥʘ ʪʨʝʪʠʡ, ʢʘʞʜʦʝ ʞʠʚʦʪʥʦʝ ʙʳʣʦ ʧʦʜʚʝʨʛʥʫʪʦ 10 ʧʨʦʮʝʜʫʨʘʤ.  

ʄʠʪʦʭʦʥʜʨʠʠ, ʧʦʣʫʯʝʥʥʳʝ ʜʣʷ ʧʦʩʣʝʜʥʝʡ ʠʥʲʝʢʮʠʠ ʚ ʤʳʮhʳ mdx-ʤʳʝhʡ, ʦʢʨʘʰʠʚʘʣʠ ʩ 

ʧʦʤʦʱʴʶ ʧʦʪʝʥʮʠʘʣ-ʟʘʚʠʩʠʤʦʛʦ ʟʦʥʜʘ MitoTracker Red CMXRos (çInvitrogenè, ʉʐɸ) ʜʣʷ 

ʧʦʩʣʝʜʫʶʱʝʡ ʚʠʟʫʘʣʠʟʘʮʠʠ. ʄʠʪʦʭʦʥʜʨʠʠ, ʫʜʦʚʣʝʪʚʦʨʷʶʱʠʝ ʫʢʘʟʘʥʥʳʤ ʚʳʰʝ ʫʩʣʦʚʠʷʤ, 

ʠʥʢʫʙʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ, ʩʦʜʝʨʞʘʱʝʡ 120 ʤʄ KCl, 5 ʤʄ NaH2PO4 ʠ 10 ʤʄ Hepes-KOH (pH 7,4), 

ʢʦʪʦʨʘʷ ʙʳʣʘ ʜʦʧʦʣʥʝʥʘ 1 ʤʢʄ MitoTracker Red CMXRos ʠ ʩʫʙʩʪʨʘʪʘʤʠ ʜʳʭʘʥʠʷ (5 ʤʄ 

ʛʣʫʪʘʤʘʪ, 5 ʤʄ ʤʘʣʘʪ ʠ 10 ʤʄ ʩʫʢʮʠʥʘʪ) ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʧʨʠ 4ÁC ʚ ʪʝʤʥʦʪʝ. ɿʘʪʝʤ ʩʫʩʧʝʥʟʠʶ 

ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʣʠ ʧʨʠ 8000 g Ĭ 10 ʤʠʥ ʠ 4ÁC. ʆʩʘʜʦʢ ʤʠʪʦʭʦʥʜʨʠʡ ʨʝʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ ʩʨʝʜʝ 

ʠʥʢʫʙʘʮʠʠ ʠ ʪʨʠʞʜʳ ʧʨʦʤʳʚʘʣʠ ʮʝʥʪʨʠʬʫʛʠʨʦʚʘʥʠʝʤ ʧʨʠ 8000 g ʚ ʪʝʯʝʥʠʝ 10 ʤʠʥ ʜʣʷ 

ʫʜʘʣʝʥʠʷ ʥʝʩʚʷʟʘʚʰʝʛʦʩʷ ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʢʨʘʩʠʪʝʣʷ. ʉʫʧʝʨʥʘʪʘʥʪ ʧʦʩʣʝ ʪʨʝʪʴʝʡ ʧʨʦʤʳʚʢʠ 
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ʧʨʦʚʝʨʷʣʠ ʥʘ ʥʘʣʠʯʠʝ ʩʠʛʥʘʣʘ ʢʨʘʩʠʪʝʣʷ (ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 579 ʥʤ ʠ ʜʣʠʥʘ ʚʦʣʥʳ 

ʠʟʣʫʯʝʥʠʷ 599 ʥʤ) ʩ ʧʦʤʦʱʴʶ ʧʣʘʥʰʝʪʥʦʛʦ ʩʧʝʢʪʨʦʬʣʫʦʨʠʤʝʪʨʘ Varioskan LUX. ʇʨʠ 

ʦʪʩʫʪʩʪʚʠʠ ʩʠʛʥʘʣʘ ʧʦʣʫʯʝʥʥʫʶ ʩʫʩʧʝʥʟʠʶ ʦʢʨʘʰʝʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ ʨʘʟʚʦʜʠʣʠ ʚ ʩʨʝʜʝ 

ʠʥʢʫʙʘʮʠʠ, ʜʦʧʦʣʥʝʥʥʦʡ 2,5 ʤʄ ʛʣʫʪʘʤʘʪʘ, 2,5 ʤʄ ʤʘʣʘʪʘ ʠ 5 ʤʄ ʩʫʢʮʠʥʘʪʘ, ʠ ʠʩʧʦʣʴʟʦʚʘʣʠ 

ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʠʥʲʝʢʮʠʡ mdx-ʤʳʘhʤ. ʇʨʠ ʵʪʦʤ ʢʦʥʪʨʦʣʴʥʳʝ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʝ 

ʞʠʚʦʪʥʳʝ ʧʦʣʫʯʘʣʠ ʠʥʲʝʢʮʠʶ ʩʨʝʜʳ ʠʥʢʫʙʘʮʠʠ, ʜʦʧʦʣʥʝʥʥʦʡ ʩʫʙʩʪʨʘʪʘʤʠ ʠ 1 ʤʢʄ 

MitoTracker Red CMXRos. ʇʦ ʟʘʚʝʨʰʝʥʠʠ ʵʢʩʧʝʨʠʤʝʥʪʘ ʞʠʚʦʪʥʳʝ ʚʳʜʝʨʞʠʚʘʣʠʩʴ ʚ ʪʝʯʝʥʠʝ 

ʥʝʜʝʣʠ ʚ ʫʩʣʦʚʠʷʭ ʚʠʚʘʨʠʷ. 

2.11.2. ɺʠʟʫʘʣʠʟʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ 

ʆʮʝʥʢʫ ʫʩʧʝʰʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʪʨʘʥʩʧʣʘʥʪʘʮʠʠ ʧʨʦʚʦʜʠʣʠ ʥʘ 

ʩʚʝʞʝʧʨʠʛʦʪʦʚʣʝʥʥʳʭ ʧʦʧʝʨʝʯʥʳʭ ʢʨʠʦʩʨʝʟʘʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ (ʯʝʪʳʨʝʭʛʣʘʚʳʝ 

ʤʳʮhʳ ʙʝʜʨʘ ʦʙʝʠʭ ʟʘʜʥʠʭ ʢʦʥʝʯʥʦʩʪʝʡ). ɺ ʢʘʯʝʩʪʚʝ ʢʦʥʪʨʦʣʷ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʩʢʝʣʝʪʥʳʝ 

ʤʳʮhʳ mdx-ʤʳʝhʡ, ʧʦʣʫʯʘʚʰʠʭ ʥʦʩʠʪʝʣʴ ï ʩʨʝʜʫ ʠʥʢʫʙʘʮʠʠ. ʉʝʨʠʡʥʳʝ ʩʨʝʟʳ ʪʦʣʱʠʥʦʡ 7 

ʤʢʤ ʛʦʪʦʚʠʣʠ ʩ ʧʦʤʦʱʴʶ ʘʚʪʦʤʘʪʠʟʠʨʦʚʘʥʥʦʛʦ ʢʨʠʦʪʦʤʘ Minux FS800A (çRWDè, ʂʠʪʘʡ). ɼʣʷ 

ʤʝʯʝʥʠʷ ʢʣʝʪʦʯʥʳʭ ʷʜʝʨ ʠʩʧʦʣʴʟʦʚʘʣʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʢʨʘʩʠʪʝʣʴ Hoechst 33342 (çThermo 

Fisher Scientificè, ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 352 ʥʤ ʠ ʜʣʠʥʘ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 454 ʥʤ), 

ʤʝʤʙʨʘʥʳ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ ʤʝʪʠʣʠ ʙʠʦʪʠʥʠʣʠʨʦʚʘʥʥʳʤ ʣʝʢʪʠʥʦʤ ʠ ʩʪʨʝʧʪʘʚʠʜʠʥ-

ʤʝʯʝʥʥʳʤ AlexaFluor488 (çThermo Fisher Scientificè, ʜʣʠʥʘ ʚʦʣʥʳ ʚʦʟʙʫʞʜʝʥʠʷ 495 ʥʤ ʠ ʜʣʠʥʘ 

ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ 519 ʥʤ). ʀʩʩʣʝʜʦʚʘʥʠʷ ʦʢʨʘʰʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʧʨʦʚʦʜʠʣʠʩʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʩʠʩʪʝʤʳ ʚʠʟʫʘʣʠʟʘʮʠʠ EVOS M5000 ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʭ ʢʫʙʦʚ DAPI, Texas Red 

ʠ GFP. 

2.12. ʉʪʘʪʠʩʪʠʯʝʩʢʘʷ ʦʙʨʘʙʦʪʢʘ ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʉʪʘʪʠʩʪʠʯʝʩʢʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦʣʫʯʝʥʥʳʭ ʜʘʥʥʳʭ ʚʳʧʦʣʥʷʣʠ ʩ ʧʦʤʦʱʴʶ GraphPad 

Prism 8.0.1 ʠ t-ʪʝʩʪʘ ʉʪʴʶʜʝʥʪʘ ʠʣʠ ʦʜʥʦʬʘʢʪʦʨʥʦʛʦ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʘʥʘʣʠʟʘ (one-way 

ANOVA). ɼʣʷ ʧʦʩʣʝʜʫʶʱʝʛʦ ʩʨʘʚʥʝʥʠʷ ʩʨʝʜʥʠʭ ʜʠʩʧʝʨʩʠʦʥʥʦʛʦ ʢʦʤʧʣʝʢʩʘ ʠʩʧʦʣʴʟʦʚʘʣʠ ʪʝʩʪ 

ʊʴʶʢʠ. ʈʝʟʫʣʴʪʘʪʳ ʧʨʝʜʩʪʘʚʣʷʣʠ ʚ ʚʠʜʝ ʩʨʝʜʥʝʛʦ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʡ. 

ʈʘʟʣʠʯʠʷ ʧʨʠʥʠʤʘʣʠʩʴ ʢʘʢ ʜʦʩʪʦʚʝʨʥʳʝ ʧʨʠ ʫʨʦʚʥʝ ʟʥʘʯʠʤʦʩʪʠ 0,05. 
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3. ʈɽɿʋʃʔʊɸʊʓ ʀ ʀʍ ʆɹʉʋɾɼɽʅʀɽ 

 

3.1. ʉʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʦʡ ʠ ʩʝʨʜʝʯʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳ ʝhʡ, ʘ 

ʪʘʢʞʝ ʩʪʨʫʢʪʫʨʘ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʵʪʠʭ ʪʢʘʥʝʡ ʧʨʠ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ  

3.1.1. ɼʠʩʬʫʥʢʮʠʷ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh ʧʨʠ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʥʘʨʫʰʝʥʠʝʤ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʠʭ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 

3.1.1.1. ʈʘʟʚʠʪʠʝ ʤʳ ʝhʯʥʦʡ ʜʠʩʪʨʦʬʠʠ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʤʳ ʝhʯʥʦʡ ʩʠʣʳ 

ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ mdx-ʤʳ ʝhʡ, ʘ ʪʘʢʞʝ ʥʘʨʫʰʝʥʠʝʤ ʦʨʛʘʥʠʟʘʮʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh 

ʞʠʚʦʪʥʳʭ 

ʄɼɼ ʷʚʣʷʝʪʩʷ ʦʜʥʦʡ ʠʟ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʬʦʨʤ ʤʳʝhʯʥʳʭ ʜʠʩʪʨʦʬʠʡ, 

ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʳʩʪʨʦ ʧʨʦʛʨʝʩʩʠʨʫʶʱʝʡ ʤʳʝhʯʥʦʡ ʩʣʘʙʦʩʪʴʶ ʠ ʠʩʪʦʱʝʥʠʝʤ 

ʚʩʣʝʜʩʪʚʠʝ ʜʝʛʝʥʝʨʘʮʠʠ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ. ɼʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʝ ʤʳʠh ʣʠʥʠʠ mdx 

ʷʚʣʷʶʪʩʷ ʧʦʧʫʣʷʨʥʳʤʠ ʤʦʜʝʣʷʤʠ, ʠʩʧʦʣʴʟʫʝʤʳʤʠ ʜʣʷ ʠʟʫʯʝʥʠʷ ʄɼɼ. ʋ ʵʪʠʭ ʞʠʚʦʪʥʳʭ 

ʤʫʪʘʮʠʷ ʚ ʛʝʥʝ DMD, ʢʦʜʠʨʫʶʱʝʤ ʙʝʣʦʢ ʜʠʩʪʨʦʬʠʥ, ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʚʠʪʠʶ ʭʨʦʥʠʯʝʩʢʦʡ ʬʦʨʤʳ 

ʤʠʦʜʠʩʪʨʦʬʠʠ, ʧʨʠ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʚʨʝʞʜʝʥʠʷ ʤʳʮh ʠ 

ʩʥʠʞʝʥʠʝ ʤʳʝhʯʥʦʡ ʩʠʣʳ (Duan et al., 2021). ʅʘ ʨʠʩʫʥʢʝ 9ɸ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʘ (ʪʘʢ ʥʘʟʳʚʘʝʤʳʡ ʪʝʩʪ çʥʘ ʩʪʨʫʥʝè), ʢʦʪʦʨʳʝ ʦʪʨʘʞʘʶʪ ʤʳʝhʯʥʫʶ ʩʠʣʫ 

ʠ ʚʳʥʦʩʣʠʚʦʩʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ.  

 

ʈʠʩʫʥʦʢ 9 ï ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʪʝʩʪʦʚ, ʦʪʨʘʞʘʶʱʠʝ ʤʳʰʝʯʥʫʶ ʩʠʣʫ ʠ ʚʳʥʦʩʣʠʚʦʩʪʴ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ: ɸ ï ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ çʥʘ ʩʪʨʫʥʝè ʚ ʙʘʣʣʘʭ;  

ɹ ï ʨʝʟʫʣʴʪʘʪʳ ʪʝʩʪʘ çʩʠʣʘ ʭʚʘʪʢʠè. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ (n=10). * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʨʝʟʫʣʴʪʘʪʘʤʠ ʪʝʩʪʦʚ mdx-ʤʳʰʝʡ ʠ ʢʦʥʪʨʦʣʴʥʳʤʠ 

ʞʠʚʦʪʥʳʤʠ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 
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ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ, mdx-ʤʳʠh ʚ ʚʦʟʨʘʩʪʝ 4 ʥʝʜʝʣʴ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ ʙʦʣʝʝ 

ʥʠʟʢʠʤʠ ʟʥʘʯʝʥʠʷʤʠ ʙʘʣʣʦʚ, ʦʪʨʘʞʘʶʱʠʭ ʤʳʝhʯʥʫʶ ʩʠʣʫ ʠ ʚʳʥʦʩʣʠʚʦʩʪ,ɹ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʞʠʚʦʪʥʳʤʠ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʠ ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʞʝ 

ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ ʜʘʥʥʳʤʠ ʜʨʫʛʦʛʦ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʘ ï çʩʠʣʳ ʭʚʘʪʢʠè (ʨʠʩʫʥʦʢ 9ɹ). 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʥʦ ʚʠʜʝʪʴ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʤʳʝhʯʥʦʡ ʩʠʣʳ 

mdx-ʤʳʝhʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤʠ ʞʠʚʦʪʥʳʤʠ. ʕʪʠ ʨʝʟʫʣʴʪʘʪʳ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʪʁʩʷ ʩ 

ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʩʥʠʞʝʥʠʠ ʤʳʝhʯʥʦʡ ʩʠʣʳ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʧʨʠ ʨʘʟʚʠʪʠʠ ʧʘʪʦʣʦʛʠʠ ʄɼɼ (Hughes et al., 2019). 

ʂ ʜʨʫʛʠʤ ʦʪʣʠʯʠʪʝʣʴʥʳʤ ʯʝʨʪʘʤ, ʦʪʨʘʞʘʶʱʠʤ ʨʘʟʚʠʪʠʝ ʄɼɼ, ʦʪʥʦʩʠʪʩʷ ʚʳʩʦʢʠʡ 

ʫʨʦʚʝʥʴ ʬʝʨʤʝʥʪʦʚ ï ʤʘʨʢʝʨʦʚ ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʤʙʨʘʥ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ, ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʢʨʝʘʪʠʥʢʠʥʘʟʳ, ʘ ʪʘʢʞʝ ɸʉʊ ʠ ʃɼɻ.  ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟ ʪʘʙʣʠʮʳ 4 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

mdx-ʤʳʰʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʬʝʨʤʝʥʪʦʚ ʚ 

ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʘʨʫʰʝʥʠʠ 

ʮʝʣʦʩʪʥʦʩʪʠ ʤʝʤʙʨʘʥ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ. 

ʊʘʙʣʠʮʘ 4 - ʋʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʢʨʝʘʪʠʥʢʠʥʘʟʳ, ʃɼɻ ʠ ɸʉʊ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʤʳʰʝʡ ʜʠʢʦʛʦ 

ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʰʝʡ 

ɾʠʚʦʪʥʳʝ (n=10) ʂʨʝʘʪʠʥʢʠʥʘʟʘ ʃɼɻ ɸʉʊ 

ɽʜ/ʣ 

ʢʦʥʪʨʦʣʴ 251,1Ñ39,1 281,4Ñ31,2 15,9Ñ2,1 

mdx  631,2Ñ42,7*  911,4Ñ79,1*  71,1Ñ5,4*  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ; n ð ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ ʚ 

ʛʨʫʧʧʝ. *p < 0,001 ʧʨʦʪʠʚ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ 

ɼʣʷ ʧʘʪʦʣʦʛʠʠ ʄɼɼ ʭʘʨʘʢʪʝʨʥʦ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʜʝʛʝʥʝʨʘʮʠʠ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ 

ʠ ʬʠʙʨʦʟʘ (Duan et al., 2021). ɺʩʝ ʵʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

mdx-ʤʳʝhʡ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʤʠ ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʤʳʝhʯʥʳʭ 

ʚʦʣʦʢʦʥ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʷʜʨʘ ʚ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ mdx-ʤʳʰʝʡ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤʠ ʞʠʚʦʪʥʳʤʠ (ʨʠʩʫʥʢʠ 10ɸ, ɹ, ɼ). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʣʠʯʠʝ ʮʝʥʪʨʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʷʜʝʨ ʚ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʥʘʭ ʷʚʣʷʝʪʩʷ ʤʘʨʢʝʨʦʤ ʠʭ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ; ʠ 

ʫʚʝʣʠʯʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʪʘʢʠʭ ʚʦʣʦʢʦʥ ʚ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʩʚʷʟʳʚʘʶʪ ʩ ʧʦʚʳʰʝʥʠʝʤ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʢʣʦʚ ʜʝʛʝʥʝʨʘʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ (Romero and Bitoun, 

2011). ʂʨʦʤʝ ʪʦʛʦ, ʥʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ mdx-ʤʳʰʝʡ ʭʘʨʘʢʪʝʨʥʦ 

ʜʦʩʪʦʚʝʨʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʱʘʜʠ ʬʠʙʨʦʟʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʝʝ ʦ ʟʘʤʝʱʝʥʠʠ ʤʳʝhʯʥʦʡ 

ʧʘʨʝʥʭʠʤʳ ʵʣʝʤʝʥʪʘʤʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ (ʨʠʩʫʥʢʠ 10ɺ, ɻ, ɽ). 
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ʈʠʩʫʥʦʢ 10 ï ɻʠʩʪʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʰʮʳ ʙʝʜʨʘ ʤʳʰʝʡ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣ ɹ

(A, ɺ) ʠ mdx (ɹ, ɻ), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʤʳʰʝʯʥʳʝ ʚʦʣʦʢʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʮʝʥʪʨʘʣʴʥʦ 

ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʷʜʨʘ (A, ɹ, ʦʢʨʘʩʢʘ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ) ʠ ʦʙʣʘʩʪʠ ʬʠʙʨʦʟʘ (ɺ, ɻ, 

ʫʢʘʟʘʥʳ ʩʪʨʝʣʢʦʡ, ʦʢʨʘʩʢʘ ʧʦ ɺʘʥ-ɻʠʟʦʥʫ). ɹʘʨ ï 30 ʤʢʤ. ɼ ï ʧʨʦʮʝʥʪ ʚʦʣʦʢʦʥ, ʩʦʜʝʨʞʘʱʠʭ 

ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʷʜʨʘ ʚ ʤʳʰʮʘʭ. ɽ ï ʧʣʦʱʘʜʴ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʛʦ ʬʠʙʨʦʟʘ ʚ 

ʤʳh ʮʘʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=3). * ï ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ mdx-ʤʳʰʝʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ<0,01 

ɺ ʤʳʮhʘʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʥʘʙʣʶʜʘʶʪʩʷ ʠ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʳʝ 

ʠʟʤʝʥʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 11 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʪʢʘʥʠ 

ʯʝʪʳʨʸʭʛʣʘʚʦʡ ʤʳʮhʳ ʙʝʜʨʘ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʠ mdx-ʤʳʝhʡ.  
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ʈʠʩʫʥʦʢ 11 ï ʋʣʴʪʨʘʩʪʨʫʢʪʫʨʘ ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʰʮʳ ʙʝʜʨʘ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ 

(A, ɹ) ʠ mdx-ʤʳʰʝʡ (ɺ, ɻ). ʉʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʘ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʘʷ ʧʦʧʫʣʷʮʠʷ ʤʠʪʦʭʦʥʜʨʠʡ. 

ɿʚʝʟʜʦʯʢʦʡ ʦʪʤʝʯʝʥʳ ʦʜʥʠ ʠ ʪʝ ʞʝ ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʠ ʤʘʣʦʤ ʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ. ɹʘʨ ï 1 ʤʢʤ 

ʕʣʝʢʪʨʦʥʥʦ-ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʢʘʨʪʠʥʘ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʞʠʚʦʪʥʳʭ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʨʘʩʰʠʨʝʥʥʳʝ ʧʨʦʤʝʞʫʪʢʠ ʤʝʞʜʫ ʤʠʦʬʠʙʨʠʣʣʘʤʠ, ʩʢʦʧʣʝʥʠʝ ʚ ʵʪʠʭ 

ʫʯʘʩʪʢʘʭ ʪʫʙʫʣʷʨʥʳʭ ʩʪʨʫʢʪʫʨ, ʛʣʠʢʦʛʝʥʘ. ɺ ʦʪʜʝʣʴʥʳʭ ʩʘʨʢʦʤʝʨʘʭ ʚ ʦʙʣʘʩʪʠ I-ʜʠʩʢʦʚ 

ʥʘʙʣʶʜʘʝʪʩʷ ʨʘʩʰʠʨʝʥʠʝ ʧʨʦʤʝʞʫʪʢʦʚ ʤʝʞʜʫ ʘʢʪʠʥʦʚʳʤʠ ʧʨʦʪʦʬʠʙʨʠʣʣʘʤʠ. 

ʆʪʤʝʯʘʝʪʩʷ ʠʟʤʝʥʝʥʠʝ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʤʠʪʦʭʦʥʜʨʠʡ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʦʡ ʧʦʧʫʣʷʮʠʠ, ʜʣʷ ʥʠʭ 

ʭʘʨʘʢʪʝʨʥʦ ʠʩʯʝʟʥʦʚʝʥʠʝ ʧʣʦʪʥʳʭ ʛʨʘʥʫʣ ʠʟ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʤʘʪʨʠʢʩʘ, ʜʝʬʦʨʤʘʮʠʷ ʢʨʠʩʪ, 

ʤʝʩʪʘʤʠ ʫʤʝʥʴʰʝʥʠʝ ʠʭ ʢʦʣʠʯʝʩʪʚʘ ʠʣʠ ʧʦʣʥʦʝ ʠʩʯʝʟʥʦʚʝʥʠʝ (ʨʠʩʫʥʦʢ 11ɻ). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʪʦʤ, ʯʪʦ ʩʢʝʣʝʪʥʘ ̫ʤʫʩʢʫʣʘʪʫʨʘ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʣʠʥʠʠ mdx ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʥʘʨʫʰʝʥʠʝʤ 

ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʦʡ ʦʨʛʘʥʠʟʘʮʠʠ, ʚ ʪʦʤ ʯʠʩʣʝ ʧʫʣʘ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ, ʢʦʪʦʨʳʝ 

ʠʛʨʘʶʪ ʦʧʨʝʜʝʣʷʶʱʫʶ ʨʦʣʴ ʚ ʨʝʛʫʣʷʮʠʠ ʛʦʤʝʦʩʪʘʟʘ Ca2+ ʠ ʤʝʪʘʙʦʣʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ 
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ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ (Percival et al., 2013). ʊʘʢʠʝ ʩʪʨʫʢʪʫʨʥʳʝ ʥʘʨʫʰʝʥʠʷ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʠʥʪʝʥʩʠʚʥʦʡ ʜʝʛʝʥʝʨʘʮʠʝʡ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʠ ʟʘʤʝʱʝʥʠʝʤ ʨʘʟʨʫʰʝʥʥʳʭ ʚʦʣʦʢʦʥ ʬʠʙʨʦʟʥʦʡ 

ʪʢʘʥʴʶ. ʆʯʝʚʠʜʥʦ, ʯʪʦ ʪʘʢʠʝ ʠʟʤʝʥʝʥʠʷ ʦʢʘʟʳʚʘʶʪ ʥʝʛʘʪʠʚʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʝ 

ʩʦʩʪʦʷʥʠʝ mdx-ʤʳʰʝʡ, ʦʙʫʩʣʘʚʣʠʚʘʷ ʩʥʠʞʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ ʠʭ ʤʳʰʝʯʥʦʡ ʩʠʣʳ ʠ 

ʚʳʥʦʩʣʠʚʦʩʪʠ. 

3.1.1.2. ʄʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳ ʝhʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʥʠʞʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ɸʊʌ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮhʘʭ 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʥʘʙʫʭʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʚʣʠʷʝʪ ʥʘ 

ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʦʨʛʘʥʝʣʣ, ʪʘʢ ʢʘʢ ʠʟʤʝʥʝʥʠʝ ʬʦʨʤʳ ʠ ʧʣʦʪʥʦʩʪʠ ʫʧʘʢʦʚʢʠ ʢʨʠʩʪ 

ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʩʙʦʨʢʠ ʩʫʧʝʨʢʦʤʧʣʝʢʩʦʚ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ (Cogliati et al., 2013). ɺ 

ʩʣʝʜʫʶʱʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʳ ʦʮʝʥʠʣʠ, ʢʘʢʦʝ ʚʣʠʷʥʠʝ ʦʢʘʟʳʚʘʶʪ ʠʟʤʝʥʝʥʠʷ ʚ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʝ 

ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ ʥʘ ʧʘʨʘʤʝʪʨʳ ʜʳʭʘʥʠʷ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʦʨʛʘʥʝʣʣ. ɺ ʪʘʙʣʠʮʝ 5 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ, 

ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʜʳʭʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʛʣʫʪʘʤʘʪ ʠ ʤʘʣʘʪ ʚ ʢʘʯʝʩʪʚʝ 

ʩʫʙʩʪʨʘʪʘ ʦʢʠʩʣʝʥʠʷ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 

4-ʥʝʜʝʣʴʥʳʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʭʘʨʘʢʪʝʨʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʝʡ 

ʜʳʭʘʥʠʷ ʚ ɸɼʌ-ʩʪʠʤʫʣʠʨʫʝʤʦʤ ʩʦʩʪʦʷʥʠʠ (ʩʦʩʪʦʷʥʠʝ 3) ʠ ʚ ʫʩʣʦʚʠʷʭ ʨʘʟʦʙʱʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ 

ɼʅʌ (ʩʦʩʪʦʷʥʠʠ 3Uɼʅʌ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʪʦʛʦ ʞʝ ʚʦʟʨʘʩʪʘ.  

ʊʘʙʣʠʮʘ 5 ï ʇʘʨʘʤʝʪʨʳ ʜʳʭʘʥʠʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮh ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʝhʡ, ʵʥʝʨʛʠʟʦʚʘʥʥʳʭ ʛʣʫʪʘʤʘʪʦʤ ʠ ʤʘʣʘʪʦʤ 

ʄʳ ʠh 

(n=5) 

ʉʦʩʪʦʷʥʠʝ 2 ʉʦʩʪʦʷʥʠʝ 3 ʉʦʩʪʦʷʥʠʝ 4 ʉʦʩʪʦʷʥʠʝ 

3Uɼʅʌ 

ɼʂ Aɼʌ/O 

ʥʤʦʣʴ ʆ2 / ʤʠʥ ʥʘ 1 ʤʛ ʙʝʣʢʘ ʦʪʥ. ʝʜ. 

ʢʦʥʪʨʦʣʴ 11,4 Ñ 0,5 80,2 Ñ 4,5 19,6 Ñ 0,6 125,7 Ñ 7,2 4,1 Ñ 0,3 2,8 Ñ 0,1 

mdx 14,0 Ñ 2,4 43,9 Ñ 2,0* 19,7 Ñ 2,5 77,1 Ñ 15,1* 2,1 Ñ 0,3* 2,4 Ñ 0,1* 

ɼʳʭʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʩʦʩʪʦʷʥʠʠ 3 ʠʥʜʫʮʠʨʦʚʘʥʦ ʚʥʝʩʝʥʠʝʤ 200 ʤʢʄ ɸɼʌ. ɼʳʭʘʥʠʝ 

ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʩʦʩʪʦʷʥʠʠ 3Uɼʅʌ ʠʥʜʫʮʠʨʦʚʘʥʦ ʚʥʝʩʝʥʠʝʤ 50 ʤʢʄ ʧʨʦʪʦʥʦʬʦʨʥʦʛʦ 

ʨʘʟʦʙʱʠʪʝʣʷ ɼʅʌ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ. n ð 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ ʚ ʛʨʫʧʧʝ. * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ mdx-ʤʳʝhʡ ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 
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ʇʨʠ ʵʪʦʤ ʧʘʨʘʤʝʪʨ ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ, ʦʪʨʘʞʘʶʱʠʡ ʩʪʝʧʝʥʴ ʩʦʧʨʷʞʝʥʠʷ ʦʢʠʩʣʝʥʠʷ 

ʠ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ mdx-ʤʳʰʝʡ ʙʳʣ ʩʥʠʞʝʥ ʧʨʘʢʪʠʯʝʩʢʠ ʥʘ 50% ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ, ʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʠʥʪʝʟʘ ɸʊʌ, ʦʮʝʥʝʥʥʘʷ ʧʦ 

ʢʦʵʬʬʠʮʠʝʥʪʫ Aɼʌ/O, ʩʥʠʞʘʣʘʩʴ ʥʘ 15% (ʪʘʙʣʠʮʘ 5). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-ʤʳʰʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʦʣʝʝ ʥʠʟʢʦʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ 

ʜʳʭʘʥʠʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ 

(Percival et al., 2013; Hughes et al., 2019). 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʜʠʩʬʫʥʢʮʠʷ, ʭʘʨʘʢʪʝʨʥʘʷ ʜʣʷ ʄɼɼ, ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ 

ʩʪʝʧʝʥʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ɸʊʌ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʜʣʷ ʦʙʝʩʧʝʯʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʳʝhʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ (Timpani et al., 2015). ʄʳ ʦʮʝʥʠʣʠ ʫʨʦʚʝʥʴ 

ɸʊʌ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. ʀʟ ʨʠʩʫʥʢʘ 12 ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ 

ʯʝʪʳʨʸʭʛʣʘʚʦʡ ʤʳʰʮʝ ʙʝʜʨʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘʙʣʶʜʘʝʪʩʷ ʙʦʣʝʝ ʯʝʤ 

ʜʚʫʢʨʘʪʥʦʝ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ɸʊʌ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʪʦʡ ʞʝ ʤʳʰʮʝʡ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ. 

 

ʈʠʩʫʥʦʢ 12 ï ʋʨʦʚʝʥʴ ɸʊʌ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʝhʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n = 3). * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,01 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʩʜʝʣʘʪʴ ʚʳʚʦʜ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʦʡ ʧʘʪʦʣʦʛʠʠ ʫ 

mdx-ʤʳʰʝʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʛʥʝʪʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh, ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ɸʊʌ ʚ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ ʞʠʚʦʪʥʳʭ. 

3.1.1.3. ʄʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳ ʝhʡ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ ʠ ʫʨʦʚʥʷ ʧʨʦʜʫʢʪʦʚ 

ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ ʢ ʠʟʙʳʪʦʯʥʦʡ 

ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʨʘʟʚʠʪʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʤʫ 
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ʧʦʚʨʝʞʜʝʥʠʶ ʩʪʨʫʢʪʫʨ ʢʣʝʪʦʢ (ɿʦʨʦʚ ʠ ʜʨ., 2005; Zorov et al., 2014). ɼʣʷ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ɸʌʂ (Hughes et al., 2019). 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʚʢʣʘʜ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʵʪʦ ʷʚʣʝʥʠʝ, ʥʘʤʠ ʠʟʫʯʝʥʘ ʠʥʪʝʥʩʠʚʥʦʩʪʴ 

ʧʨʦʜʫʢʮʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

mdx-ʤʳʝhʡ ʠ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʦʨʛʘʥʝʣʣʳ, ʚʳʜʝʣʝʥʥʳʝ ʠʟ ʩʢʝʣʝʪʥʦʡ 

ʤʫʩʢʫʣʘʪʫʨʳ mdx-ʤʳʝhʡ, ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʛʝʥʝʨʠʨʫʶʪ ʦʜʠʥ ʠʟ ʚʠʜʦʚ ɸʌʂ ï ʧʝʨʝʢʠʩʴ 

ʚʦʜʦʨʦʜʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤʠ ʞʠʚʦʪʥʳʤʠ (ʨʠʩʫʥʦʢ 13ɸ). ʕʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ 

ʣʠʪʝʨʘʪʫʨʥʳʤ ʜʘʥʥʳʤ, ʧʨʝʜʧʦʣʘʛʘʶʱʠʤ ʤʘʩʩʠʚʥʫʶ ʧʨʦʜʫʢʮʠʶ ɸʌʂ ʥʘ ʫʨʦʚʥʝ ʢʦʤʧʣʝʢʩʘ I 

ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ (Hughes et al., 

2019). ʇʨʠ ʵʪʦ ʥʘʤʠ ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ʄɼɸ, ʦʜʥʦʛʦ ʠʟ ʤʘʨʢʝʨʦʚ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ (ʨʠʩʫʥʦʢ 13ɹ), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʦʚʨʝʞʜʘʶʱʠʤ ʜʝʡʩʪʚʠʝʤ ʢʘʢ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ, ʪʘʢ ʠ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʠʭ ɸʌʂ. ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ ʄɼɼ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʩʠʣʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʦʨʛʘʥʝʣʣʘʤʠ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚʝʜʫʱʠʭ ʢ ʛʠʙʝʣʠ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ. 

 

ʈʠʩʫʥʦʢ 13 ï ʉʢʦʨʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ (ɸ) ʠ ʫʨʦʚʝʥʴ ʄɼɸ-ʧʨʦʜʫʢʪʦʚ (ɹ) ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʝhʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=6). * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ 

mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,01 

3.1.1.4. ʄʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh mdx-ʤʳ ʝhʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʛʥʝʪʝʥʠʝ 

ʩʠʩʪʝʤʳ ʨʝʮʠʢʣʠʟʘʮʠʠ ʉʘ2+, ʦʙʫʩʣʦʚʣʝʥʥʳʝ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʚ ʢʦʤʧʣʝʢʩʝ ʉʘ2+-ʫʥʠʧʦʨʪʝʨʘ 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ ʤʳʝhʯʥʳʭ ʢʣʝʪʢʘʭ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʳʩʪʨʦʤʫ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ ʧʘʪʦʣʦʛʠʠ ʄɼɼ (Allen et al., 2016). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʪʦ 

ʦʙʫʩʣʦʚʣʝʥʦ, ʚ ʪʦʤ ʯʠʩʣʝ, ʠ ʥʘʨʫʰʝʥʠʝʤ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʢʘʣʴʮʠʡ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ 

ʩʠʩʪʝʤ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ï ʦʨʛʘʥʝʣʣ, ʷʚʣʷʶʱʠʭʩʷ ʦʩʥʦʚʥʳʤʠ 
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ʨʝʛʫʣʷʪʦʨʘʤʠ ʛʦʤʝʦʩʪʘʟʘ ʢʘʣʴʮʠʷ ʚ ʢʣʝʪʢʝ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ 

ʄɼɼ ʘʩʩʦʮʠʠʨʦʚʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʢʘʣʴʮʠʷ ʤʝʞʜʫ 

ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤ ʨʝʪʠʢʫʣʫʤʦʤ ʠ ʤʠʪʦʭʦʥʜʨʠʷʤʠ (Valladares et al., 2018). ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʧʨʠ ʨʘʟʚʠʪʠʠ ʄɼɼ ʥʘʙʣʶʜʘʝʪʩʷ ʜʠʩʨʝʛʫʣʷʮʠʷ IP3R-ʘʩʩʦʮʠʠʨʦʚʘʥʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʢʘʣʴʮʠʷ ʚ 

ʟʦʥʝ MAM -ʢʦʥʪʘʢʪʦʚ. ʂʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʢʘʣʴʮʠʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ 

ʚ ʵʪʠʭ ʦʨʛʘʥʝʣʣʘʭ ʠ ʢʣʝʪʢʝ ʚ ʮʝʣʦʤ (Valladares et al., 2018). ʇʨʠ ʵʪʦʤ ʪʘʢʞʝ ʠʤʝʶʪʩʷ 

ʧʨʝʜʧʦʩʳʣʢʠ ʢ ʪʦʤʫ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ ʉʘ2+ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʣʝʞʠʪ 

ʢʘʢ ʚ ʦʩʥʦʚʝ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʦʨʛʘʥʝʣʣ, ʪʘʢ ʠ ʚ ʮʝʣʦʤ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ, 

ʦʙʫʩʣʘʚʣʠʚʘʷ ʨʘʟʚʠʪʠʝ ʜʠʩʪʨʦʬʠʠ (Schiavone et al., 2017), ʧʦʵʪʦʤʫ ʚ ʩʣʝʜʫʶʱʝʡ ʯʘʩʪʠ ʨʘʙʦʪʳ 

ʥʘʤʠ ʙʳʣʠ ʦʮʝʥʝʥʳ ʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʪʨʘʥʩʧʦʨʪʘ ʵʪʦʛʦ ʠʦʥʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʠ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʙʳʣʘ ʠʟʫʯʝʥʘ 

ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʉʘ2+ ʧʦʩʨʝʜʩʪʚʦʤ ʫʥʠʧʦʨʪʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʚʫʭ ʛʨʫʧʧ 

ʞʠʚʦʪʥʳʭ. ʉʢʦʨʦʩʪʴ ʉʘ2+ ʫʥʠʧʦʨʪʘ ʙʳʣʘ ʦʮʝʥʝʥʘ ʧʦ ʚʨʝʤʝʥʠ ʧʦʛʣʦʱʝʥʠʷ 50 ʤʢʄ ʉʘ2+ 

ʩʫʩʧʝʥʟʠʝʡ ʦʨʛʘʥʝʣʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʩɸ, ʥʝʦʙʭʦʜʠʤʦʛʦ ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ ʠʥʜʫʢʮʠʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʧʦʨʳ ʧʝʨʝʭʦʜʘ ʧʨʦʥʠʮʘʝʤʦʩʪʠ (ʠʣʠ MPT-ʧʦʨr) (ʨʠʩʫʥʦʢ 14ɸ).  

 

ʈʠʩʫʥʦʢ 14 ï ʇʦʛʣʦʱʝʥʠʝ ʠ ʚʳʙʨʦʩ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ 

ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʝhʡ. (ɸ) ʂʠʥʝʪʠʢʘ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʤʳʝhʡ 

ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ, ʢʨʠʚʘʷ 1) ʠ mdx-ʤʳʝhʡ (ʢʨʠʚʘʷ 2). ɺʳʭʦʜ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠʥʜʫʮʠʨʦʚʘʥ 

ʜʦʙʘʚʣʝʥʠʝʤ ʠʥʛʠʙʠʪʦʨʘ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʨʫʪʝʥʠʷ ʢʨʘʩʥʦʛʦ (ʈʂ) ʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ 

(Na+). ɼʦʙʘʚʢʠ: ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh (0,4-0,5 ʤʛ/ʤʣ), 50 ʤʢʄ ʉʘʉl2, 0,5 ʤʢʄ ʈʂ, 5 ʤʄ 

Naʉl. ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ 

ʦʜʥʦʤ ʧʨʝʧʘʨʘʪʝ ʤʠʪʦʭʦʥʜʨʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 5 ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. (ɹ) ʉʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ ʉʘ2+ ʫʥʠʧʦʨʪʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ 

ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʝhʡ. (ɺ) ʉʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ Na+-ʟʘʚʠʩʠʤʦʛʦ ʚʳʙʨʦʩʘ ʉʘ2+ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʝhʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=6). * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ 

mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 
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ʊʘʢʞʝ ʥʘʤʠ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʉʘ2+ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ ʘʥʪʠʧʦʨʪʘ, 

ʨʝʘʣʠʟʫʝʤʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Na+. Na+-ʟʘʚʠʩʠʤʳʡ ʚʳʙʨʦʩ ʉʘ2+ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠ ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 5 

ʤʄ NaCl ʢ ʩʫʩʧʝʥʟʠʠ ʥʘʛʨʫʞʝʥʥʳʭ ʉʘ2+ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʜʦʙʘʚʣʝʥʠʷ 0,5 ʤʢʄ ʨʫʪʝʥʠʝʚʦʛʦ ʢʨʘʩʥʦʛʦ, ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ ʨʝʮʠʢʣʠʟʘʮʠʠ ʉʘ2+ 

(ʨʠʩʫʥʦʢ 14ɸ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘ, ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-ʤʳʰʝʡ, 

ʦʢʠʩʣʷʶʱʠʭ ʛʣʫʪʘʤʘʪ/ʤʘʣʘʪ, ʭʘʨʘʢʪʝʨʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ (ʙʦʣʝʝ ʯʝʤ ʚ 2 ʨʘʟʘ) ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ 

ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ ʉʘ2+ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 14ɹ). 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʨʘʟʣʠʯʠʡ ʚ ʢʠʥʝʪʠʢʝ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʚʳʭʦʜ ʉʘ2+ ʠʟ 

ʤʘʪʨʠʢʩʘ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʦʙʤʝʥ ʥʘ Na+, ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʞʠʚʦʪʥʳʭ 

ʦʙʥʘʨʫʞʝʥʦ ʥʝ ʙʳʣʦ (ʨʠʩʫʥʦʢ 14ɺ). 

ʇʦʛʣʦʱʝʥʠʝ ʉʘ2+ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʧʦʩʨʝʜʩʪʚʦʤ ʉʘ2+ ʫʥʠʧʦʨʪʝʨʘ, 

ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʢʦʤʧʣʝʢʩ ʙʝʣʢʦʚ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ ʦʨʛʘʥʝʣʣ, ʚʢʣʶʯʘʶʱʠʡ ʚ 

ʩʝʙʷ ʢʘʥʘʣʴʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ ï MCU ʠ MCUb ʠ ʨʝʛʫʣʷʪʦʨʥʳʝ ʩʫʙʲʝʜʠʥʠʮʳ ï MICU1-2, EMRE, 

MCUR1 ʠ ʨʷʜ ʜʨʫʛʠʭ ʙʝʣʢʦʚ (Giorgi et al., 2018). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʢʠʥʝʪʠʢʘ ʉʘ2+-ʪʨʘʥʩʧʦʨʪʘ 

ʦʧʨʝʜʝʣʷʝʪʩʷ ʩʦʦʪʥʦʰʝʥʠʝʤ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʢʘʥʘʣʴʥʳʭ ʩʫʙʲʝʜʠʥʠʮ MCU ʠ MCUb ʠ 

ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ MICU1 (Raffaello et al., 2013; Paillard et al., 2017; Giorgi et al., 2018). 

ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʫʱʝʩʪʚʝʥʥʦ 

ʙʦʣʝʝ ʥʠʟʢʦʡ ʩʢʦʨʦʩʪʴʶ ʉʘ2+-ʫʥʠʧʦʨʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʳʘhʤʠ ʜʠʢʦʛʦ ʪʠʧʘ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʚʠʪʠʠ ʄɼɼ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ 

ʫʢʘʟʘʥʥʳʭ ʩʫʙʲʝʜʠʥʠʮ ʫʥʠʧʦʨʪʝʨʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ. 

ɼʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʵʪʠ ʠʟʤʝʥʝʥʠʷ, ʥʘʤʠ ʧʨʦʚʝʜʝʥ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛ ʙʝʣʢʦʚ-

ʢʦʤʧʦʥʝʥʪʦʚ ʢʦʤʧʣʝʢʩʘ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʤʠʪʦʭʦʥʜʨʠʡ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮh mdx-ʤʳʝhʡ, ʘ ʪʘʢʞʝ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 15ɸ ʠ ɹ). ʂʨʦʤʝ ʪʦʛʦ, 

ʦʮʝʥʝʥʘ ʵʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʵʪʠ ʙʝʣʢʠ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ ʤʳʰʝʡ (ʨʠʩʫʥʦʢ 15ɺ). 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʢʦʣʠʯʝʩʪʚʦ ʢʘʥʘʣʴʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ MCU, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʪʦʨʥʳʭ 

ʩʫʙʲʝʜʠʥʠʮ MICU1-2 ʠ EMRE ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

ʥʝ ʨʘʟʣʠʯʘʝʪʩʷ (ʨʠʩʫʥʦʢ 15ɸ ʠ ɹ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʢʦʣʠʯʝʩʪʚʦ MCUb (ʥʝʘʢʪʠʚʥʘʷ ʢʘʥʘʣʴʥʘʷ 

ʩʫʙʲʝʜʠʥʠʮʘ ʫʥʠʧʦʨʪʝʨʘ) ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ 1,4 ʨʘʟʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʰʝʥʠʝ ʩʫʙʲʝʜʠʥʠʮ 

MCU/MCUb ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʫʤʝʥʴʰʘʝʪʩʷ ʩ 1,06Ñ0,06 ʫ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ 

ʪʠʧʘ ʜʦ 0,62Ñ0,01 ʫ mdx-ʤʳʰʝʡ (ʨ<0,01). ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʠʩʩʣʝʜʫʝʤʳʭ 

ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ ʥʝ ʨʘʟʣʠʯʘʶʪʩʷ ʧʦ ʢʦʣʠʯʝʩʪʚʫ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʝʨʘ, ʯʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ 

ʦʪʩʫʪʩʪʚʠʝʤ ʨʘʟʣʠʯʠʡ ʚ ʢʠʥʝʪʠʢʝ ʚʳʭʦʜʘ ʉʘ2+ ʠʟ ʦʨʛʘʥʝʣʣ (ʨʠʩʫʥʦʢ 14). ʈʝʟʫʣʴʪʘʪʳ ʇʎʈ ʚ 

ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ (ʨʠʩʫʥʦʢ 15ɺ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ ʥʘ ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ. 
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ʈʠʩʫʥʦʢ 15 ï ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʙʝʣʢʦʚ ï ʩʫʙʲʝʜʠʥʠʮ ʢʦʤʧʣʝʢʩʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 

ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ, ʘ ʪʘʢʞʝ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʝʨʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ 

ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʰʝʡ. (ɸ, ɹ) ʊʠʧʠʯʥʳʝ ʜʘʥʥʳʝ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ-ʩʫʙʲʝʜʠʥʠʮ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʠ NCLX ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʤʳʰʝʡ 

ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʰʝʡ (n=4). (ɺ) ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ ï 

ʩʫʙʲʝʜʠʥʠʮʳ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʠ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʝʨʘ (NCLX) (n=10). ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ. * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʙʝʣʢʦʚ ʠ 

ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ mdx-ʤʳʰʝʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 

ʀʥʪʝʨʝʩʥʦ, ʯʪʦ ʥʘʤʠ ʥʝ ʦʙʥʘʨʫʞʝʥʦ ʦʪʥʦʰʝʥʠ ̫ʫʨʦʚʥʷ ʤʈʅʂ MCU/MCUb ʩʢʝʣʝʪʥʦʡ 

ʪʢʘʥʠ 40:1, ʢʘʢ ʵʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʨʘʙʦʪʝ Raffaello ʠ ʢʦʣʣʝʛ (Raffaello et al., 2013). 

ɺ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʜʘʥʥʦʝ ʩʦʦʪʥʦʰʝʥʠʝ ʫʨʦʚʥʷ ʪʨʘʥʩʢʨʠʧʪʦʚ ʙʳʣʦ ʥʘ ʫʨʦʚʥʝ 4:1 ʢʘʢ ʩ 

ʥʘʰʠʤʠ ʧʨʘʡʤʝʨʘʤʠ, ʪʘʢ ʠ ʩ ʧʨʘʡʤʝʨʘʤʠ, ʦʧʠʩʘʥʥʳʤʠ ʚ ʨʘʙʦʪʝ Raffaello ʠ ʢʦʣʣʝʛ. ɺʤʝʩʪʝ ʩ 

ʪʝʤ, ʚ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ mdx-ʞʠʚʦʪʥʳʭ ʵʪʦ ʩʦʦʪʥʦʰʝʥʠʝ ʩʥʠʞʘʣʦʩʴ ʜʦ ~ 1:1. ʀʩʭʦʜʷ ʠʟ 

ʵʪʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʦʝ ʫʤʝʥʴʰʝʥʠʝ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ ʉʘ2+ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ ʦʙʫʩʣʦʚʣʝʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʜʦʤʠʥʘʥʪ-

ʥʝʛʘʪʠʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ MCUb ʚ ʩʦʩʪʘʚʝ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʦʨʛʘʥʝʣʣ ʠ ʦʥʦ ʥʝ ʩʚʷʟʘʥʦ ʩ 

ʫʨʦʚʥʝʤ ʨʝʛʫʣʷʪʦʨʥʳʭ ʙʝʣʢʦʚ. ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ 

ʨʘʙʦʪʳ ʉʘ2+ ʫʥʠʧʦʨʪʝʨʘ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-ʤʳʰʝʡ ʥʘʨʷʜʫ ʩ ʧʦʢʘʟʘʥʥʦʡ ʨʘʥʝʝ 

ʜʠʩʨʝʛʫʣʷʮʠʝʡ ʪʨʘʥʩʧʦʨʪʘ ʉʘ2+ ʚ ʟʦʥʝ MAM -ʢʦʥʪʘʢʪʦʚ (Valladares et al., 2018) ʤʦʞʝʪ ʧʨʠʚʦʜʠʪʴ 
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ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠ ʘʢʢʫʤʫʣʷʮʠʠ ʵʪʦʛʦ ʠʦʥʘ ʚ ʤʘʪʨʠʢʩʝ ʦʨʛʘʥʝʣʣ ʠ, ʢʘʢ 

ʩʣʝʜʩʪʚʠʝ, ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʉʘ2+, ʯʪʦ ʪʠʧʠʯʥʦ ʜʣʷ ʄɼɼ (Mareedu et al., 

2021ʘ) ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʜʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʦʡ ʩʢʝʣʝʪʥʦʡ 

ʤʫʩʢʫʣʘʪʫʨʝ. 

3.1.1.5. ʄʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh mdx-ʤʳ ʝhʡ ʧʨʦʷʚʣʷʶʪ ʥʠʟʢʫʶ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʴ ʢ ʠʥʜʫʢʮʠʠ ʉʘ2+-ʟʘʚʠʩʠʤʦʡ ʧʦʨr 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʩʥʦʚʝ ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʤʦʞʝʪ ʣʝʞʘʪʴ ʧʝʨʝʛʨʫʟʢʘ ʤʠʪʦʭʦʥʜʨʠʡ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ 

(Schiavone et al., 2017). ʀʟʚʝʩʪʥʦ, ʯʪʦ ʢʘʣʴʮʠʝʚʘʷ ʧʝʨʝʛʨʫʟʢʘ ʟʘʯʘʩʪʫʶ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʠʥʜʫʢʮʠʝʡ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʦʡ MPT-ʧʦʨr, ʚʳʟʳʚʘʶʱʝʡ ʥʝʩʧʝʮʠʬʠʯʝʩʢʫʶ 

ʧʝʨʤʝʘʙʠʣʠʟʘʮʠʶ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ ʦʨʛʘʥʝʣʣ. ʆʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʦʪʨʘʞʘʶʱʠʭ 

ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʡ ʢ ʠʥʜʫʢʮʠʠ ʪʘʢʦʡ ʧʦʨʳ ʷʚʣʷʝʪʩʷ ʢʘʣʴʮʠʝʚʘʷ ʝʤʢʦʩʪʴ. ʕʪʦʪ ʧʘʨʘʤʝʪʨ 

ʦʧʨʝʜʝʣʷʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʜʫʢʮʠʠ ʧʦʨʳ ʚ ʦʨʛʘʥʝʣʣʘʭ ʠ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʤʘʢʩʠʤʘʣʴʥʦʝ 

ʢʦʣʠʯʝʩʪʚʦ ʉʘ2+, ʢʦʪʦʨʦʝ ʤʦʞʝʪ ʙʳʪʴ ʥʘʢʦʧʣʝʥʦ ʚ ʤʘʪʨʠʢʩʝ ʙʝʟ ʧʦʩʣʝʜʫʶʱʝʡ ʠʥʜʫʢʮʠʠ ʧʦʨʳ 

(Rasola and Bernardi, 2011). ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘ 16ɸ, ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʦʡ 

ʤʫʩʢʫʣʘʪʫʨʳ mdx-ʤʳʝhʡ, ʦʢʠʩʣʷʶʱʠʭ ʛʣʫʪʘʤʘʪ/ʤʘʣʘʪ, ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʧʫʣʴʩʦʚʳʭ ʜʦʙʘʚʦʢ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʤʳʘhʤʠ ʜʠʢʦʛʦ 

ʪʠʧʘ. ɺ ʯʠʩʣʝʥʥʦʤ ʚʳʨʘʞʝʥʠʠ ʵʪʦ ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʩʫʱʝʩʪʚʝʥʥʦʤʫ (ʚ ~1,4 ʨʘʟʘ) ʫʤʝʥʴʰʝʥʠ ʁ

ʧʘʨʘʤʝʪʨʘ ʢʘʣʴʮʠʝʚʦʡ ʝʤʢʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ ʦʪʥʦʩʠʪʝʣʴʥʦ 

ʢʦʥʪʨʦʣʷ (ʨʠʩʫʥʦʢ 16ɹ). 

ɺ ʦʩʥʦʚʝ ʩʥʠʞʝʥʠʷ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨʳ ʤʦʞʝʪ ʣʝʞʘʪʴ ʨʘʟʚʠʪʠʝ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, 

ʷʚʣʷʶʱʝʛʦʩʷ ʦʜʥʠʤ ʠʟ ʬʘʢʪʦʨʦʚ, ʩʧʦʩʦʙʩʪʚʫʶʱʠʭ ʦʪʢʨʳʪʠʶ ʧʦʨʳ (ʨʠʩʫʥʦʢ 13). ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʠʯʠʥʦʡ ʵʪʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʠʟʤʝʥʝʥʠʝ ʫʨʦʚʥʷ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʩʪʨʫʢʪʫʨʥʳʭ 

ʢʦʤʧʦʥʝʥʪʦʚ MPT-ʧʦʨʳ. ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʤʦʣʝʢʫʣʷʨʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʙʝʣʢʦʚʳʡ ʩʦʩʪʘʚ MPT-

ʧʦʨʳ ʜʦ ʩʠʭ ʧʦʨ ʥʝ ʦʧʨʝʜʝʣʝʥʳ ʠ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʜʠʩʢʫʩʩʠʠ. ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʦ 

ʤʝʛʘʢʘʥʘʣ, ʧʨʦʥʠʟʳʚʘʶʱʠʡ ʚʥʝʰʥʶʶ ʠ ʚʥʫʪʨʝʥʥʶʶ ʤʝʤʙʨʘʥʳ ʤʠʪʦʭʦʥʜʨʠʡ (Bonora et al., 

2022). ɺ ʢʘʯʝʩʪʚʝ ʢʘʥʘʣ-ʬʦʨʤʠʨʫʶʱʠʭ ʩʫʙʲʝʜʠʥʠʮ MPT-ʧʦʨʳ ʥʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪ ʙʝʣʢʠ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʳ ʤʠʪʦʭʦʥʜʨʠʡ ï ʘʜʝʥʠʣʘʪʪʨʘʥʩʣʦʢʘʪʦʨ (ANT) ʠ 

ɸʊʌ-ʩʠʥʪʘʟʫ (Bonora et al., 2022). ɽʜʠʥʩʪʚʝʥʥʳʤ ʠʟ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʙʝʣʢʦʚ, ʚʭʦʜʷʱʠʤ ʚ ʩʦʩʪʘʚ 

ʧʦʨʳ, ʷʚʣʷʝʪʩʷ ʮʠʢʣʦʬʠʣʠʥ ɼ ï ʤʠʰʝʥʴ ʠʥʛʠʙʠʪʦʨʘ MPT-ʧʦʨʳ ʎʩɸ (Bonora et al., 2022). ɺ 

ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ ʦʧʨʝʜʝʣʠʣʠ, ʢʘʢ ʠʟʤʝʥʷʝʪʩʷ ʫʨʦʚʝʥʴ ʵʪʠʭ ʙʝʣʢʦʚ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʧʨʠ ʨʘʟʚʠʪʠʠ ʄɼɼ. 
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ʈʠʩʫʥʦʢ 16 ï ʀʥʜʫʢʮʠʷ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʦʡ MPT-ʧʦʨr ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 

ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʝhʡ. (ɸ) ʇʦʛʣʦʱʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʦʙʘʚʦʢ ʉʘ2+ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ, ʢʨʠʚʘʷ 1) ʠ mdx-ʤʳʝhʡ 

(ʢʨʠʚʘʷ 2). ɼʦʙʘʚʢʠ: ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh (0,4-0,5 ʤʛ/ʤʣ), ʉʘʉl2 (ʧʫʣʴʩʘʤʠ ʧʦ 10 

ʤʢʄ). ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ 

ʦʜʥʦʤ ʧʨʝʧʘʨʘʪʝ ʤʠʪʦʭʦʥʜʨʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 5 ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. (ɹ) ʉʨʘʚʥʝʥʠʝ ʉʘ2+-ʝʤʢʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ 

ʠ mdx-ʤʳʝhʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=5). * ï 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 

ʅʘ ʨʠʩʫʥʢʝ 17 (A ʠ ɹ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʙʝʣʢʦʚ ANT1 ʠ 2, 

ʮʠʢʣʦʬʠʣʠʥʘ ɼ ʠ ʘʣʴʬʘ ʩʫʙʲʝʜʠʥʠʮʳ ɸʊʌ-ʩʠʥʪʘʟʳ ʤʠʪʦʭʦʥʜʨʠʡ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ, ʘ ʪʘʢʞʝ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʣʷ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ (ʙʦʣʝʝ ʯʝʤ ʚ 3 ʨʘʟʘ) ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ANT2 ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ ʜʠʢʦʛʦ ʪʠʧʘ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

mdx-ʤʳʝhʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʜʦʩʪʦʚʝʨʥʦ ʩʥʠʞʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ANT1, ʮʠʢʣʦʬʠʣʠʥʘ ɼ ʠ ɸʊʌ-

ʩʠʥʪʘʟʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ. ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʥʠʞʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ VDAC1, ʢʦʪʦʨʳʡ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʬʦʨʤʠʨʫʝʪ ʢʘʥʘʣ MPT-ʧʦʨr ʚʦ ʚʥʝʰʥʝʡ 

ʤʝʤʙʨʘʥʝ ʦʨʛʘʥʝʣʣ (Bonora et al., 2022). ʈʝʟʫʣʴʪʘʪʳ, ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ, ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ (ʨʠʩʫʥʦʢ 17ɺ) ʠ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ 

ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ ï ʚʦʟʤʦʞʥʳʝ ʢʦʤʧʦʥʝʥʪʳ MPT-ʧʦʨr. 
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ʈʠʩʫʥʦʢ 17 ï ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ MPT-ʧʦʨʳ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʰʝʡ. (ɸ, ɹ) ʊʠʧʠʯʥʳʝ ʜʘʥʥʳʝ 

ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ MPT-

ʧʦʨʳ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʰʝʡ (n=4). (ɺ) 

ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ MPT-ʧʦʨʳ, ʠʟʤʝʨʝʥʥʘʷ ʤʝʪʦʜʦʤ ʇʎʈ 

ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ (n=10). ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ. * 

ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʙʝʣʢʦʚ ʠ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ mdx-ʤʳʰʝʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʙʝʣʦʢ ANT2 ʢʨʘʡʥʝ ʩʣʘʙʦ ʵʢʩʧʨʝʩʩʠʨʫʝʪʩʷ ʚ ʩʢʝʣʝʪʥʦʡ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ 

(Stepien et al., 1992), ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʥʘʰʠ ʨʝʟʫʣʴʪʘʪʳ (ʨʠʩʫʥʦʢ 17). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ mdx-ʤʳʝhʡ ʫʨʦʚʝʥʴ ʵʪʦʛʦ ʙʝʣʢʘ ʟʥʘʯʠʪʝʣʴʥʦ ʫʚʝʣʠʯʝʥ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, 

ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʄɼɼ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ ANT2, ʩʧʦʩʦʙʥʦʛʦ ʬʦʨʤʠʨʦʚʘʪʴ ʢʘʥʘʣ 

MPT-ʧʦʨr (Karch et al., 2019), ʧʨʠʚʦʜʠʪ ʢ ʨʝʟʢʦʤʫ ʩʥʠʞʝʥʠʶ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʦʨʛʘʥʝʣʣ mdx-

ʞʠʚʦʪʥʳʭ ʢ ʠʥʜʫʢʮʠʠ Ca2+-ʟʘʚʠʩʠʤʦʡ ʧʦʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ ʜʠʢʦʛʦ ʪʠʧʘ. ɺ ʪʦ ʞʝ 

ʚʨʝʤʷ ʩʥʠʞʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʜʨʫʛʠʭ ʚʦʟʤʦʞʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʧʦʨʳ (ANT1, VDAC1, ATʌ-

ʩʠʥʪʘʟʳ), ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʝ ʦʢʘʟʳʚʘʝʪ ʩʪʦʣʴ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ 

ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨr. ʕʪʠ ʜʘʥʥʳʝ ʚʥʦʚʴ ʧʦʟʚʦʣʷʶʪ ʧʦʜʥʷʪʴ 

ʚʦʧʨʦʩ ʦ ʪʢʘʥʝʩʧʝʮʠʬʠʯʥʦʩʪʠ ʫʯʘʩʪʠʷ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ MPT-ʧʦʨr ʚ ʝʝ 
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ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʝʛʫʣʷʮʠʠ (Koshkin et al., 2004; Panov et al., 2007; Endlicher et al., 2009; Laker et 

al., 2016). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ANT1, ATʌ-ʩʠʥʪʘʟʳ ʠ 

VDAC1 ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʪʘʢʞʝ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʩʠʩʪʝʤʳ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʠ ʠ ʨʘʟʚʠʪʠ ʁʄɼɼ (Graham et al., 1997; Wu et al., 1999; Hyzewicz 

et al., 2015). ʊʘʢʞʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʝʣʢʘ MPT-ʧʦʨr 

ʮʠʢʣʦʬʠʣʠʥʘ ɼ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ, ʢʦʪʦʨʦʝ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʧʦʣʥʦʛʦ 

ʥʦʢʘʫʪʘ ʛʝʥʘ ʵʪʦʛʦ ʙʝʣʢʘ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʝ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʷ ʥʘ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʝʣʣ ʢ 

ʠʥʜʫʢʮʠʠ ʧʦʨʳ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʨʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 

ʤʳʝhʡ ʩʥʠʞʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ ʵʪʦʛʦ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʝʣʢʘ MPT-ʧʦʨr ʩʫʱʝʩʪʚʝʥʥʦ ʥʝ ʚʣʠʷʝʪ 

ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʠʥʜʫʢʮʠʠ Ca2+-ʟʘʚʠʩʠʤʦʡ ʧʦʨʳ (Laker et al., 2016). 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʢʣʶʯʝʚʘʷ ʨʦʣʴ ʙʝʣʢʦʚ ANT ʚ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨʳ ʚ ʩʢʝʣʝʪʥʳʭ 

ʤʳʰʮʘʭ ʙʳʣʘ ʧʦʜʪʚʝʨʞʜʝʥʘ ʥʝʜʘʚʥʦ ʚ ʣʘʙʦʨʘʪʦʨʠʠ ɼʞʝʬʬʨʠ ʄʦʣʢʝʥʪʠʥʘ ʥʘ ʤʦʜʝʣʠ 

ŭ-ʩʘʨʢʦʛʣʠʢʘʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ (Bround et al., 2023). ɸʚʪʦʨʳ ʨʘʙʦʪʳ ʥʦʢʘʫʪʠʨʦʚʘʣʠ ʛʝʥ 

ʙʝʣʢʘ ANT, ʯʪʦ ʧʨʠʚʝʣʦ ʢ ʩʥʠʞʝʥʠʶ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʵʪʠʭ 

ʞʠʚʦʪʥʳʭ ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨʳ, ʫʣʫʯʰʝʥʠʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʬʫʥʢʮʠʠ, ʘ ʪʘʢʞʝ ʟʘʤʝʜʣʠʣʦ 

ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ. ɹʦʣʝʝ ʪʦʛʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʜʥʦʚʨʝʤʝʥʥʳʡ ʥʦʢʘʫʪ 

ANT ʠ ʮʠʢʣʦʬʠʣʠʥʘ ɼ ʧʨʘʢʪʠʯʝʩʢʠ ʧʦʣʥʦʩʪʴʶ ʙʣʦʢʠʨʦʚʘʣ ʠʥʜʫʢʮʠʶ MPT-ʧʦʨʳ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ, ʥʦʨʤʘʣʠʟʦʚʘʣ ʬʫʥʢʮʠʶ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʦʩʪʘʥʘʚʣʠʚʘʣ ʨʘʟʚʠʪʠʝ 

ʜʝʛʝʥʝʨʘʪʠʚʥʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʤʫʩʢʫʣʘʪʫʨʝ ʜʠʩʪʨʦʬʠʯʥʳʭ ʞʠʚʦʪʥʳʭ.    

3.1.1.6. ʄʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh mdx-ʤʳ ʝhʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʠʷ ʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʵʪʦʛʦ ʠʦʥʘ ʚ ʦʨʛʘʥʝʣʣʘʭ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʥʘʨʫʰʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʠʷ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ ʤʝʤʙʨʘʥʫ 

ʤʠʪʦʭʦʥʜʨʠʡ ʪʘʢʞʝ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʜʠʩʬʫʥʢʮʠʠ ʦʨʛʘʥʝʣʣ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʶ ʧʘʪʦʣʦʛʠʠ ʢʣʝʪʢʠ. ɺ ʯʘʩʪʥʦʩʪʠ, ʥʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʠ ʂ+ ʢʘʥʘʣʦʚ 

ʤʠʪʦʭʦʥʜʨʠʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʤʠʦʧʘʪʠʡ ʠ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʠʣʘʪʘʮʠʦʥʥʦʡ 

ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ (Bienengraeber et al., 2004; Farid et al., 2011; Graciotti et 

al., 2011), ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʪʘʢʞʝ ʜʣʷ ʄɼɼ. ɺ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʤʳ ʦʮʝʥʠʣʠ 

ʘʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ ʂ+ ʯʝʨʝʟ ʚʥʫʪʨʝʥʥʶʶ ʤʝʤʙʨʘʥʫ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ ʧʦ ɼʅʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʤʫ ʚʳʭʦʜʫ ʠʦʥʘ ʠʟ ʤʘʪʨʠʢʩʘ 

ʦʨʛʘʥʝʣʣ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʝ ʞʠʚʦʪʥʳʝ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʚʫʢʨʘʪʥʳʤ 

ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʂ+ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 18ɸ ʠ ɹ). ɹʦʣʝʝ ʪʦʛʦ, ʥʘʤʠ ʦʪʤʝʯʝʥʦ 

ʩʥʠʞʝʥʠʝ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʂ+ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ (ʨʠʩʫʥʦʢ 18A ʠ ɺ). 
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ʈʠʩʫʥʦʢ 18 ï ʉʢʦʨʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ ʠ ʫʨʦʚʝʥʴ K+ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ 

ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʝhʡ. (ɸ) ɼʅʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʚʳʭʦʜ ʂ+ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮh ʤʳʝhʡ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʴ (ʢʨʠʚʘʷ 1) ʠ mdx (ʢʨʠʚʘʷ 2), ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ ʧʦʤʦʱʠ ʂ+-

ʩʝʣʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʜʥʦʤ 

ʧʨʝʧʘʨʘʪʝ ʤʠʪʦʭʦʥʜʨʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʯʝʪʳʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʄʘʢʩʠʤʘʣʴʥʳʡ ʚʳʭʦʜ ʂ+ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʠʥʜʫʮʠʨʦʚʘʥ ʚʥʝʩʝʥʠʝʤ Triton X-100 

(ʊʍ). (ɹ) ʉʢʦʨʦʩʪʴ ɼʅʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʳʭʦʜʘ ʠʦʥʦʚ ʢʘʣʠʷ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮh ʤʳʝhʡ. (ɺ) ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʂ+ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʤʳʰʝʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n = 4). * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ mdx-

ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,01 

ɺʥʫʪʨʝʥʥʷʷ ʤʝʤʙʨʘʥʘ ʤʠʪʦʭʦʥʜʨʠʡ ʩʦʜʝʨʞʠʪ ʮʝʣʳʡ ʨʷʜ ʧʝʨʝʥʦʩʯʠʢʦʚ ʠʦʥʦʚ ʢʘʣʠ ̫

(Checchetto et al., 2021). ʋʯʠʪʳʚʘʷ ʟʥʘʯʠʪʝʣʴʥʫʶ ʜʠʩʨʝʛʫʣʷʮʠʶ ʉʘ2+-ʟʘʚʠʩʠʤʳʭ ʧʨʦʮʝʩʩʦʚ, 

ʥʘʤʠ ʫʜʝʣʝʥʦ ʚʥʠʤʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʤʫ, ʘʢʪʠʚʠʨʫʝʤʦʤʫ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ, ʢʘʣʠʝʚʦʤʫ 

ʢʘʥʘʣʫ (mitoBKCa). ɺʂʉʘ-ʢʘʥʘʣ ʢʦʜʠʨʫʝʪʩʷ ʛʝʥʦʤ Kcnma1, ʢʦʪʦʨʳʡ ʧʨʠ ʪʨʘʥʩʢʨʠʙʠʨʦʚʘʥʠʠ 

ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʣʴʪʝʨʥʘʪʠʚʥʦʤʫ ʩʧʣʘʡʩʠʥʛʫ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʥʝʩʢʦʣʴʢʠʭ ʠʟʦʬʦʨʤ 

BKCa, ʚ ʪʦʤ ʯʠʩʣʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʚʘʨʠʘʥʪʘ (VEDEC) (Singh et al., 2013). 

ʄʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ BKCa, ʥʘʨʷʜʫ ʩ ɸʊʌ-ʟʘʚʠʩʠʤʳʤ K+-ʢʘʥʘʣʦʤ, ʪʘʢʞʝ ʣʦʢʘʣʠʟʦʚʘʥʥʳʤ ʚʦ 

ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʝ ʦʨʛʘʥʝʣʣ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʪʨʘʥʩʧʦʨʪ K+ ʚ ʤʘʪʨʠʢʩ ʤʠʪʦʭʦʥʜʨʠʡ (Checchetto 

et al., 2021). ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ mitoBKCa, ʦʮʝʥʝʥʥʳʡ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ 

ʤʠʪʦʭʦʥʜʨʠʷʭ (ʚʩʣʝʜʩʪʚʠʝ ʥʘʣʠʯʠʷ BK-ʢʘʥʘʣʦʚ ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʡ ʠ ʷʜʝʨʥʦʡ ʤʝʤʙʨʘʥ ʚ 

ʛʦʤʦʛʝʥʘʪʝ ʪʢʘʥʠ), ʩʥʠʞʘʝʪʩʷ ʫ mdx-ʤʳʰʝʡ (ʨʠʩʫʥʦʢ 19ɸ ʠ ɹ). ʈʝʟʫʣʴʪʘʪʳ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʜʘʥʥʳʤʠ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ï ʵʢʩʧʨʝʩʩʠʷ VEDEC ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ 

mdx-ʤʳʝhʡ ʩʥʠʞʘʝʪʩʷ ʧʦʯʪʠ ʥʘ 40% ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʟʜʦʨʦʚʳʤʠ ʞʠʚʦʪʥʳʤʠ (ʨʠʩʫʥʦʢ 19ɺ). 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ K+ ʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʵʪʦʛʦ ʠʦʥʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ mdx-ʤʳʝhʡ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ 

mitoBKCa ʚ ʦʨʛʘʥʝʣʣʘʭ ʠ ʵʢʩʧʨʝʩʩʠʠ ʢʦʜʠʨʫʶʱʝʛʦ ʝʛʦ ʛʝʥʘ. ʕʪʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʪʘʢʞʝ 

ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʥʘʨʫʰʝʥʠʶ ʛʦʤʝʦʩʪʘʟʘ ʂ+ ʚ ʤʳʝhʯʥʳʭ ʢʣʝʪʢʘʭ ʠ ʨʘʟʚʠʪʠʶ ʄɼɼ. 
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ʈʠʩʫʥʦʢ 19 ï ʋʨʦʚʝʥʴ mitoBKCa ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-

ʤʳʝhʡ. (ɸ, ɹ) ʊʠʧʠʯʥʳʝ ʜʘʥʥʳʝ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ mitoBKCa ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʝhʡ ʠ mdx-ʤʳʝhʡ (n=3). (ɺ) ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʤʈʅʂ BK-

VEDEC (ʢʦʜʠʨʫʝʪ mitoBKCa) ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʞʠʚʦʪʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n = 6). * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʙʝʣʢʦʚ ʠ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ 

mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 

3.1.2. ʈʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ ʩʝʨʜʝʯʥʦʡ ʤʳ ʮhʳ ʧʨʠ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ 

ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ 

3.1.2.1. ʈʘʟʚʠʪʠʝ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʧʝʨʪʨʦʬʠʝʡ ʩʝʨʜʝʯʥʦʡ 

ʤʳ ʮhr  ʠ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ, ʘ ʪʘʢʞʝ ʠʟʤʝʥʝʥʠʝʤ 

ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʪʢʘʥʠ 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʄɼɼ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʛʠʧʝʨʪʨʦʬʠʝʡ ʩʝʨʜʝʯʥʦʡ ʤʳʮh  r(Statile et 

al., 2013). ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʠ ʜʣʷ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ (ʨʠʩʫʥʦʢ 20).  

 

ʈʠʩʫʥʦʢ 20 ï ɸʙʩʦʣʶʪʥʘʷ (ɸ) ʠ ʦʪʥʦʩʠʪʝʣʴʥʘʷ (ɹ) ʤʘʩʩʘ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) 

ʠ mdx-ʤʳʝhʡ. ʇʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=6). * ï ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳ, ʨ < 0,05 



95 

 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ mdx-ʤʳʰʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʘʙʩʦʣʶʪʥʦʡ 

ʤʘʩʩʳ ʩʝʨʜʮʘ (ʨʠʩʫʥʦʢ 20ɸ). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʦʪʥʦʩʠʪʝʣʴʥʘʷ ʤʘʩʩʘ ʩʝʨʜʮʘ ʵʪʠʭ ʞʠʚʦʪʥʳʭ, 

ʩʦʦʪʥʝʩʝʥʥʘʷ ʩ ʤʘʩʩʦʡ ʪʝʣʘ, ʥʝ ʠʟʤʝʥʷʝʪʩʷ (ʨʠʩʫʥʦʢ 20ɹ), ʯʪʦ, ʚʝʨʦʷʪʥʦ, ʩʚʷʟʘʥʦ ʩ ʪʝʥʜʝʥʮʠʝʡ ʢ 

ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ ʪʝʣʘ mdx-ʤʳʰʝʡ ʚʩʣʝʜʩʪʚʠʝ ʛʠʧʝʨʪʨʦʬʠʠ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ. 

ʄ  rʪʘʢʞʝ ʦʮʝʥʠʣʠ ʩʪʨʫʢʪʫʨʫ ʤʠʦʢʘʨʜʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ (ʨʠʩʫʥʦʢ 21).  

 

ʈʠʩʫʥʦʢ 21 ï ɻʠʩʪʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʪʢʘʥʠ ʩʝʨʜʮʘ (ʫʯʘʩʪʢʠ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ) 

ʢʦʥʪʨʦʣʴʥʳʭ ʤr ʰʝʡ (A-ɹ) ʠ mdx-ʤʳʰʝʡ (ɺ-ɻ). ʆʢʨʘʩʢʘ ʧʦ ɺʘʥ-ɻʠʟʦʥʫ. ɹʘʨ ï 20 ʤʢʤ. ʋʯʘʩʪʢʠ 

ʬʠʙʨʦʟʘ ʨʦʟʦʚʦʛʦ ʮʚʝʪʘ ʦʪʤʝʯʝʥ rʩʪʨʝʣʢʦʡ. ɼ ï ʫʨʦʚʝʥʴ ʬʠʙʨʦʟʘ ʚ ʩʝʨʜʮʝ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ 

ʠ mdx-ʤʳʰʝʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ. * ï ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳ, ʨ < 0,01 
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ʉʨʝʟʳ, ʦʢʨʘʰʝʥʥʳʝ ʧʦ ɺʘʥ-ɻʠʟʦʥʫ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʢʘʨʜʠʦʤʠʦʮʠʪʳ ʞʠʚʦʪʥʳʭ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ ʩʦʭʨʘʥʷʶʪ ʪʠʧʠʯʥʦʝ ʩʪʨʦʝʥʠʝ, ʜʣʷ ʢʣʝʪʦʢ ʭʘʨʘʢʪʝʨʥʘ ʨʘʚʥʦʤʝʨʥʘʷ 

ʦʢʨʘʩʢʘ ʮʠʪʦʧʣʘʟʤʳ ʠ ʷʜʝʨ, ʧʨʦʩʣʦʡʢʠ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʚʦʣʦʢʥʘʤʠ ʤʠʦʢʘʨʜʘ ʙʝʟ ʚʠʜʠʤʳʭ ʧʘʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ ʠʟʤʝʥʝʥʠʡ (ʨʠʩʫʥʦʢ 21ɸ, ɹ). ɼʣʷ 

ʤʠʦʢʘʨʜʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʝʥ ʫʤʝʨʝʥʥʦ ʚʳʨʘʞʝʥʥʳʡ ʤʝʞʤʳʰʝʯʥʳʡ 

ʦʪʝʢ ʚ ʩʦʯʝʪʘʥʠʠ ʩ ʦʪʣʦʞʝʥʠʝʤ ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʤʝʞʜʫ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʚʦʣʦʢʥʘʤʠ 

ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ (ʨʠʩʫʥʦʢ 21ɺ, ɻ). ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʵʪʦ ʚʳʨʘʞʘʝʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʧʣʦʱʘʜʠ 

ʬʠʙʨʦʟʘ ʚ ʤʠʦʢʘʨʜʝ mdx-ʤʳʰʝʡ (ʨʠʩʫʥʦʢ 21ɼ), ʭʦʪʷ ʵʪʦ ʥʝ ʪʘʢ ʷʨʢʦ ʚʳʨʘʞʝʥʦ, ʢʘʢ ʚ ʩʣʫʯʘʝ 

ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʵʪʠʭ ʞʠʚʦʪʥʳʭ (ʨʠʩʫʥʦʢ 10). 

ɻʠʧʝʨʪʨʦʬʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ ʩʝʨʜʝʯʥʦʡ ʤʳʮhʝ, ʘ ʪʘʢʞʝ ʨʘʟʚʠʪʠʝ ʬʠʙʨʦʟʘ ʪʝʩʥʦ 

ʩʚʷʟʘʥʳ ʩ ʵʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʥʘʨʫʰʝʥʠʷʤʠ ʚ ʨʘʙʦʪʝ ʵʪʦʛʦ ʦʨʛʘʥʘ. ʅʘ ʨʠʩʫʥʢʝ 22ɸ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʪʠʧʠʯʥʳʝ ʵʣʝʢʪʨʦʢʘʨʜʠʦʛʨʘʤʤʳ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ.  

 

ʈʠʩʫʥʦʢ 22 ï ʕʣʝʢʪʨʦʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʨʘʙʦʪʳ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ 

mdx-ʤʳʰʝʡ. (ɸ) ʊʠʧʠʯʥʳʝ ʟʘʧʠʩʠ ʕʂɻ ʵʢʩʧʝʨʠʤʝʥʪʘʣʥɹʳʭ ʛʨʫʧʧ ʤʳʝhʡ. ɻʨʘʬʠʯʝʩʢʦʝ 

ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʬʠʣʝʡ ʕʂɻ: ʏʉʉ (ɹ), ʰʠʨʠʥʘ ʢʦʤʧʣʝʢʩʘ QRS (ɺ) ʠ ʦʪʥʦʰʝʥʠʝ S/R (ɻ). 

ʇʨʠʚʝʜʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n = 4). * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 
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ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʝ ʤʳʰʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʙʨʘʜʠʢʘʨʜʠʝʡ ï 

ʩʥʠʞʝʥʠʝʤ ʯʘʩʪʦʪʳ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʨʠʩʫʥʦʢ 22ɹ). mdx-ʤʳʰʠ ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʫʢʦʨʦʯʝʥʠʝ ʢʦʤʧʣʝʢʩʘ QRS ʕʂɻ, ʦʪʦʙʨʘʞʘʶʱʝʛʦ ʚʦʟʙʫʞʜʝʥʠʝ (ʜʝʧʦʣʷʨʠʟʘʮʠʶ) ʞʝʣʫʜʦʯʢʦʚ 

(ʨʠʩʫʥʦʢ 22ɺ). ʂʨʦʤʝ ʪʦʛʦ, ʤʳ ʦʪʤʝʪʠʣʠ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʩʦʦʪʥʦʰʝʥʠʷ S/R ʥʘ ʕʂɻ mdx-

ʤʳʰʝʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʳʰʘʤʠ ʜʠʢʦʛʦ ʪʠʧʘ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʟʘʤʝʜʣʝʥʠʠ ʚʦʟʙʫʞʜʝʥʠʷ 

ʞʝʣʫʜʦʯʢʦʚ (ʨʠʩʫʥʦʢ 22ɻ). 

ɺ ʩʝʨʜʝʯʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ mdx-ʤʳʝhʡ ʪʘʢʞʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥr ʝ 

ʠʟʤʝʥʝʥʠʷ. ʅʘ ʨʠʩʫʥʢʝ 23 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʪʢʘʥʠ ʣʝʚʦʛʦ 

ʞʝʣʫʜʦʯʢʘ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʠ mdx-ʤʳʝhʡ.  

 

ʈʠʩʫʥʦʢ 23 ï ʋʣʴʪʨʘʩʪʨʫʢʪʫʨʘ ʪʢʘʥʠ ʣʝʚʦʛʦ ʞʝʣʫʜʦʯʢʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (A-ɺ) ʠ mdx-ʤʳʝhʡ 

(ɻ-ɽ). ʉʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʳ ʦʪʜʝʣʴʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ mdx-ʤʳʰʝʡ ʩ 

ʥʘʨʫʰʝʥʥʦʡ ʦʨʛʘʥʠʟʘʮʠʝʡ ʢʨʠʩʪ. ɹʘʨ ï 0,5 ʤʢʤ 
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ʅʘ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ ʫ mdx-ʞʠʚʦʪʥʳʭ ʚʳʨʘʞʝʥʳ ʠʟʤʝʥʝʥʠʷ ʩʦ ʩʪʦʨʦʥʳ 

ʤʠʦʬʠʙʨʠʣʣ, ʪʦʯʥʝʝ ʚ ʩʪʨʫʢʪʫʨʝ ʩʘʨʢʦʤʝʨʦʚ. ʅʘʤʠ ʦʪʤʝʯʝʥʦ ʥʝʢʦʪʦʨʦʝ ʫʪʦʣʱʝʥʠʝ ʄ-ʧʦʣʦʩʢʠ 

ʚ ʮʝʥʪʨʝ ʨʷʜʘ ʩʘʨʢʦʤʝʨʦʚ ʠ ʨʘʩʭʦʞʜʝʥʠʝ ʘʢʪʠʥʦʚʳʭ ʧʨʦʪʦʬʠʙʨʠʣʣ ʚ ʨʘʡʦʥʝ I-ʜʠʩʢʦʚ. ɺ 

ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʚ ʦʙʣʘʩʪʠ ʵʪʠʭ ʜʠʩʢʦʚ ʠʤʝʝʪ ʤʝʩʪʦ ʦʯʘʛʦʚʳʡ ʣʠʟʠʩ ʤʠʦʬʠʙʨʠʣʣ. ɺ 

ʦʪʜʝʣʴʥʳʭ ʩʘʨʢʦʤʝʨʘʭ ʄ-ʧʦʣʦʩʢʘ ʧʦʯʪʠ ʥʝ ʚʳʷʚʣʷʝʪʩʷ. ʇʦ ʩʦʩʝʜʩʪʚʫ ʩ ʠʟʤʝʥʝʥʥʳʤʠ 

ʤʠʦʬʠʙʨʠʣʣʘʤʠ ʦʧʨʝʜʝʣʷʶʪʩʷ ʥʘʨʫʰʝʥʥʳʝ ʤʠʪʦʭʦʥʜʨʠʠ ʠ ʫʯʘʩʪʢʠ ʛʠʧʝʨʧʣʘʟʠʠ ʠ 

ʛʠʧʝʨʪʨʦʬʠʠ ʛʣʘʜʢʦʛʦ ʵʥʜʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ, ʢʦʪʦʨʘʷ ʤʝʩʪʘʤʠ ʩʪʘʥʦʚʠʪʩʷ 

ʚʘʢʫʦʣʠʟʠʨʦʚʘʥʥʦʡ. ɺ ʨʝʜʢʠʭ ʩʣʫʯʘʷʭ ʚʳʷʚʣʷʶʪʩʷ ʦʜʠʥʦʯʥʳʝ ʩʢʦʧʣʝʥʠʷ ʤʝʤʙʨʘʥʥʳʭ 

ʤʠʝʣʠʥʦʧʦʜʦʙʥʳʭ ʩʪʨʫʢʪʫʨ. ɺ ʪʢʘʥʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʪʘʢʞʝ ʤʦʞʥʦ ʚʠʜʝʪʴ 

ʠʟʤʝʥʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ: ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʨʘʟʤʝʨʘ ʵʪʠʭ ʦʨʛʘʥʝʣʣ, ʧʦʷʚʣʝʥʠʝ ʛʠʛʘʥʪʩʢʠʭ 

ʬʦʨʤ ʥʘʨʷʜʫ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʥʦʨʤʘʣʴʥʳʭ ʨʘʟʤʝʨʦʚ. ɼʘʥʥʘʷ ʢʘʨʪʠʥʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ 

ʥʘʙʫʭʘʥʠʠ ʤʠʪʦʭʦʥʜʨʠʡ (ʨʠʩʫʥʦʢ 23 ʠ ʪʘʙʣʠʮʘ 6). ʉʨʝʜʥʝʝ ʯʠʩʣʦ ʢʨʠʩʪ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ 

mdx-ʤʳʝhʡ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʪʘʙʣʠʮʘ 6). ʆʜʥʘʢʦ ʥʝʢʦʪʦʨʳʝ ʥʘʙʫʭʰʠʝ 

ʤʠʪʦʭʦʥʜʨʠʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʜʝʟʦʨʛʘʥʠʟʘʮʠʝʡ ʢʨʠʩʪ (ʨʠʩʫʥʦʢ 23ɽ). 

ʊʘʙʣʠʮʘ 6 ï ʇʘʨʘʤʝʪʨʳ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʝhʡ 

ɾʠʚʦʪʥʳʝ ʇʝʨʠʤʝʪʨ ʤʠʪʦʭʦʥʜʨʠʡ, ʤʢʤ ʂʦʣʠʯʝʩʪʚʦ ʢʨʠʩʪ ʥʘ ʤʠʪʦʭʦʥʜʨʠ ʁ

ʢʦʥʪʨʦʣʴ 3,42 Ñ 0,09 23,46 Ñ 0,76 

mdx 4,49 Ñ 0,21* 28,70 Ñ 2,33 

ɺ ʢʘʞʜʦʡ ʛʨʫʧʧʝ ʧʨʦʘʥʘʣʠʟʠʨʦʚʘʥʦ 60 ï 80 ʤʠʪʦʭʦʥʜʨʠʡ ʠʟ ʥʝ ʤʝʥʝʝ ʯʝʤ 5 ʨʘʟʥʳʭ ʧʦʣʝʡ 

ʟʨʝʥʠʷ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ. * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʰʝʡ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ<0,05 

ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘʤʠ ʦʪʤʝʯʝʥʦ, ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʟʥʘʯʠʪʝʣʴʥʳʝ ʥʘʨʫʰʝʥʠʷ ʦʨʛʘʥʠʟʘʮʠʠ 

ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʩʝʨʜʮʝ mdx-ʤʳʝhʡ, ʢʦʣʠʯʝʩʪʚʦ ʦʨʛʘʥʝʣʣ, ʦʮʝʥʝʥʥʦʝ ʧʦ ʫʨʦʚʥʶ ʤʪɼʅʂ, ʥʝ 

ʠʟʤʝʥʷʣʦʩʴ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ ʜʠʢʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 24). 

 

ʈʠʩʫʥʦʢ 24 ï ʋʨʦʚʝʥʴ ʤʪɼʅʂ ʚ ʩʝʨʜʮʝ ʤʳʝhʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ 

ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n = 4) 
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3.1.2.2. ʄʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳ ʝhʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ ʧʦʚʳʰʝʥʠʝʤ 

ʧʨʦʜʫʢʮʠʠ ʘʢʪʠʚʥʳʭ ʬʦʨʤ ʢʠʩʣʦʨʦʜʘ 

ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʘʥʥʳʝ ʦ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʧʨʠ ʄɼɼ ʚʝʩʴʤʘ 

ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʉʦʛʣʘʩʥʦ ʦʜʥʠʤ ʘʚʪʦʨʘʤ, ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʢʘʢ ʩʢʝʣʝʪʥʳʭ ʤʳʮh, ʪʘʢ ʠ ʩʝʨʜʮʘ 

mdx-ʤʳʝhʡ ʭʘʨʘʢʪʝʨʥʦ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʠ 

ʫʩʠʣʝʥʠʝ ʛʝʥʝʨʘʮʠʠ ɸʌʂ, ʯʪʦ ʚʝʜʝʪ ʢ ʨʘʟʚʠʪʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ, ʚ ʢʦʥʮʝ ʢʦʥʮʦʚ, 

ʥʝʢʨʦʟʫ ʪʢʘʥʠ (Vallejo-Illarramendi et al., 2014; Vila et al., 2017; Hughes et al., 2019). ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ ʤʦʣʦʜʳʭ mdx-ʤʳʝhʡ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ 

ʤʠʪʦʭʦʥʜʨʠʡ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʧʦ ʧʦʢʘʟʘʪʝʣʷʤ ʜʳʭʘʥʠʷ (Kuznetsov et al., 1998; Burelle et al., 

2010; Ascah et al., 2011) ʠ ʧʨʦʜʫʢʮʠʠ H2O2 (Ascah et al., 2011). 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʥʘʤʠ ʪʘʢʞʝ ʦʮʝʥʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʩʝʨʜʮʘ mdx-ʤʳʝhʡ ʠ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ. ɺ 

ʪʘʙʣʠʮʝ 7 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ, ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʝ ʧʘʨʘʤʝʪʨʳ ʜʳʭʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʠ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ, ʠʩʧʦʣʴʟʫʶʱʠʭ ʛʣʫʪʘʤʘʪ/ʤʘʣʘʪ ʚ 

ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʦʢʠʩʣʝʥʠʷ. 

ʊʘʙʣʠʮʘ 7 ï ʇʘʨʘʤʝʪʨʳ ʜʳʭʘʥʠʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ 

ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʝhʡ, ʵʥʝʨʛʠʟʦʚʘʥʥʳʭ ʛʣʫʪʘʤʘʪʦʤ ʠ ʤʘʣʘʪʦʤ 

ʄʳ ʠh 

(n=4) 

ʉʦʩʪʦʷʥʠʝ 2 ʉʦʩʪʦʷʥʠʝ 3 ʉʦʩʪʦʷʥʠʝ 4 ʉʦʩʪʦʷʥʠʝ 

3Uɼʅʌ 

ɼʂ Aɼʌ/O 

ʥʤʦʣʴ ʆ2 / ʤʠʥ ʥʘ 1 ʤʛ ʙʝʣʢʘ ʦʪʥ.ʝʜ. 

ʢʦʥʪʨʦʣʴ 10,2 Ñ 1,2 56,1 Ñ 11,7 17,4 Ñ 3,6 50,0 Ñ 12,4 3,2 Ñ 0,1 2,8 Ñ 0,1 

mdx 11,1 Ñ 0,7 74,3 Ñ 4,6 18,6 Ñ 1,5 65,0 Ñ 6,3 4,0 Ñ 0,2* 2,9 Ñ 0,1 

ɼʳʭʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʩʦʩʪʦʷʥʠʠ 3 ʠʥʜʫʮʠʨʦʚʘʥʦ ʚʥʝʩʝʥʠʝʤ 200 ʤʢʄ ɸɼʌ. ɼʳʭʘʥʠʝ 

ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʩʦʩʪʦʷʥʠʠ 3Uɼʅʌ ʠʥʜʫʮʠʨʦʚʘʥʦ ʚʥʝʩʝʥʠʝʤ 50 ʤʢʄ ʧʨʦʪʦʥʦʬʦʨʥʦʛʦ 

ʨʘʟʦʙʱʠʪʝʣʷ ɼʅʌ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ. n ð 

ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ ʚ ʛʨʫʧʧʝ. * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ mdx-ʤr ʝhʡ ʠ 

ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 

ʂʘʢ ʚʠʜʥʦ ʠʟ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʜʘʥʥʳʭ, ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤʳʰʝʡ ʥʝ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ ʩʢʦʨʦʩʪʷʤ ʜʳʭʘʥʠʷ, ʘ ʪʘʢʞʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʩʠʥʪʝʟʘ ɸʊʌ, ʦʮʝʥʝʥʥʦʛʦ ʧʦ ʚʝʣʠʯʠʥʝ ʢʦʵʬʬʠʮʠʝʥʪʘ Aɼʌ/O. ʊʝʤ ʥʝ ʤʝʥʝʝ 

ʧʘʨʘʤʝʪʨ ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ mdx-ʤʳʰʝʡ ʙʳʣ ʚʳʰʝ ʥʘ 25% ʧʦ ʩʨʘʚʥʝʥʠʶ 
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ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʪʘʙʣʠʮʘ 7), ʯʪʦ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʦʙʫʩʣʦʚʣʝʥʦ 

ʪʝʥʜʝʥʮʠʝʡ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ɸɼʌ-ʩʪʠʤʫʣʠʨʫʝʤʦʛʦ ʜʳʭʘʥʠʷ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, 

ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-ʤʳʰʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʯʫʪʴ ʙʦʣʝʝ ʚʳʩʦʢʠʤ, ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ, ʩʦʧʨʷʞʝʥʠʝʤ ʜʳʭʘʥʠʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. 

ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ mdx-ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʥʘ 

ʙʦʣʝʝ ʚʳʩʦʢʘʷ ʩʢʦʨʦʩʪʴ ʛʝʥʝʨʘʮʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʤʳʝhʡ 

ʜʠʢʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 25ɸ), ʯʪʦ ʭʦʨʦʰʦ ʩʦʦʪʥʦʩʠʪʩʷ ʩ ʠʟʚʝʩʪʥʳʤʠ ʣʠʪʝʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ 

(Jung et al., 2008). ʕʪʦ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʤʘʨʢʝʨʘ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʩʪʨʝʩʩʘ ʄɼɸ, ʦʙʨʘʟʫʶʱʝʛʦʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ, ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʩʝʨʜʮʘ mdx-ʤʳʝhʡ (ʨʠʩʫʥʦʢ 25ɹ). 

 

ʈʠʩʫʥʦʢ 25 ï ʉʢʦʨʦʩʪʴ ʧʨʦʜʫʢʮʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ (ɸ) ʠ ʫʨʦʚʝʥʴ ʄɼɸ-ʧʨʦʜʫʢʪʦʚ (ɹ) ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=4). * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ 

ʧʘʨʘʤʝʪʨʘʤʠ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,01 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʫʱʝʩʪʚʝʥʥʳʝ ʤʦʨʬʦʣʦʛʠʯʝʩʢʠʝ ʠʟʤʝʥʝʥʠʷ ʚ 

ʩʝʨʜʝʯʥʦʡ ʪʢʘʥʠ mdx-ʤʳʝhʡ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʥʝʙʦʣʴʰʠʤ ʫʚʝʣʠʯʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ, ʚʝʜʫʱʠʤ ʢ ʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʡ ʛʝʥʝʨʘʮʠʠ ʧʝʨʝʢʠʩʠ ʚʦʜʦʨʦʜʘ. 

ɺʩʝ ʵʪʦ ʚ ʮʝʣʦʤ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʠʟʤʝʥʝʥʠʡ, ʧʨʦʠʩʭʦʜʷʱʠʭ ʚ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ ʧʨʠ 

ʨʘʟʚʠʪʠʠ ʄɼɼ, ʛʜʝ ʥʘʨʫʰʝʥʠʝ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʪʢʘʥʠ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʤ 

ʫʛʥʝʪʝʥʠʝʤ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ (ʛʣʘʚʘ 3.1.1). 
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3.1.2.3. ʄʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ mdx-ʤʳ ʝhʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʨʝʮʠʢʣʠʟʘʮʠʠ ʉʘ2+, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʚ ʢʦʤʧʣʝʢʩʝ 

ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʠ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʘ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3.1.1.4, ʥʘʨʫʰʝʥʠʝ ʉʘ2+-ʛʦʤʝʦʩʪʘʟʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʣʝʞʠʪ ʢʘʢ ʚ 

ʦʩʥʦʚʝ ʥʘʨʫʰʝʥʠʷ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʵʪʠʭ ʦʨʛʘʥʝʣʣ, ʪʘʢ ʠ ʤʦʞʝʪ ʦʙʫʩʣʘʚʣʠʚʘʪ ɹʢʘʣʴʮʠʝʚʫʶ 

ʧʝʨʝʛʨʫʟʢʫ ʤʠʦʧʣʘʟʤʳ, ʩʧʦʩʦʙʩʪʚʫʷ ʨʘʟʚʠʪʠ ʁʤʠʦʧʘʪʠʠ ʠ ʜʠʩʪʨʦʬʠʠ ʥʘ ʫʨʦʚʥʝ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮh. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʜʣʷ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʪʘʢʞʝ ʭʘʨʘʢʪʝʨʥʘ 

ʜʠʩʨʝʛʫʣʷʮʠʷ ʉʘ2+-ʛʦʤʝʦʩʪʘʟʘ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʢʦʥʮʝʥʪʨʘʮʠʠ 

ʩʚʦʙʦʜʥʳʭ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʣʝʪʦʢ (Kyrychenko et al., 2015). ʇʨʠ ʵʪʦʤ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʥʮʝʥʪʨʘʮʠʠ ʉʘ2+ ʚ ʮʠʪʦʧʣʘʟʤʝ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ ʥʘʙʣʶʜʘʝʪʩʷ ʫ ʧʦʣʦʚʦʟʨʝʣʳʭ ʤʳʝhʡ, ʥʦ ʥʝ ʫ 

ʤʦʣʦʜʳʭ ʞʠʚʦʪʥʳʭ (Jung et al., 2008; Kyrychenko et al., 2015), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʘʟʚʠʪʠʠ 

ʢʘʣʴʮʠʝʚʦʡ ʜʠʩʨʝʛʫʣʷʮʠʠ ʩ ʚʦʟʨʘʩʪʦʤ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʥʘʢʦʧʣʝʥʠʝ ʠʟʙʳʪʢʘ ʢʘʣʴʮʠʷ ʚ 

ʮʠʪʦʧʣʘʟʤʝ ʷʚʣʷʝʪʩʷ ʩʣʝʜʩʪʚʠʝʤ ʥʘʨʫʰʝʥʠʷ ʨʝʛʫʣʷʮʠʠ ʢʘʣʴʮʠʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ, ʧʨʝʞʜʝ ʚʩʝʛʦ ʚ 

ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʤ ʨʝʪʠʢʫʣʫʤʝ, ʷʚʣʷʶʱʝʤʩʷ ʦʩʥʦʚʥʳʤ ʜʝʧʦ ʢʘʣʴʮʠʷ ʚ ʢʣʝʪʢʘʭ ʩʝʨʜʮʘ ʧʨʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʉʘ2+ (Boyman et al., 2014). ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ 

ʥʝ ʧʨʠʥʠʤʘʶʪ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʫʯʘʩʪʠʷ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʘʢʢʫʤʫʣʷʮʠʠ ʮʠʪʦʟʦʣʴʥʦʛʦ Ca2+ ʚ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ. ʆʜʥʘʢʦ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ (ʩʚʝʨʭʬʠʟʠʦʣʦʛʠʯʝʩʢʦʤ) 

ʧʦʚʳʰʝʥʠʠ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ Ca2+ ʧʦʛʣʦʱʝʥʠʝ ʠʦʥʘ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʤʦʞʝʪ ʫʚʝʣʠʯʠʚʘʪʴʩʷ ʚ 

10ï1000 ʨʘʟ (Williams et al., 2013; Boyman et al., 2014). 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʦʮʝʥʠʪʴ ʨʦʣʴ ʢʘʣʴʮʠʡ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʭ ʩʠʩʪʝʤ 

ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʨʘʟʚʠʪʠʠ ʩʝʨʜʝʯʥʦʛʦ ʬʝʥʦʪʠʧʘ ʄɼɼ, ʥʘʤʠ ʙʳʣʦ ʧʨʦʚʝʜʝʥʦ ʩʨʘʚʥʝʥʠʝ 

ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʪʨʘʥʩʧʦʨʪʘ ʵʪʦʛʦ ʠʦʥʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʠ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ. ʆʮʝʥʝʥʘ ʩʢʦʨʦʩʪʴ ʧʦʛʣʦʱʝʥʠʷ ʉʘ2+ ʧʦʩʨʝʜʩʪʚʦʤ 

ʫʥʠʧʦʨʪʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʜʚʫʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ. ʉʢʦʨʦʩʪʴ ʉʘ2+ ʫʥʠʧʦʨʪʘ ʙʳʣʘ ʦʮʝʥʝʥʘ 

ʧʦ ʚʨʝʤʝʥʠ ʧʦʛʣʦʱʝʥʠʷ 50 ʤʢʄ ʉʘ2+ ʩʫʩʧʝʥʟʠʝʡ ʦʨʛʘʥʝʣʣ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʎʩɸ, ʢʦʪʦʨʳʡ 

ʥʝʦʙʭʦʜʠʤ ʜʣʷ ʙʣʦʢʠʨʦʚʘʥʠʷ ʚʦʟʤʦʞʥʦʛʦ ʦʪʢʨʳʪʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ MPT-ʧʦʨr (ʨʠʩʫʥʦʢ 

26ɸ). ʂʨʦʤʝ ʪʦʛʦ, ʪʘʢʞʝ ʠʟʤʝʨʝʥʘ ʩʢʦʨʦʩʪʴ ʚʳʭʦʜʘ ʉʘ2+ ʧʦʩʨʝʜʩʪʚʦʤ ʤʝʭʘʥʠʟʤʘ ʘʥʪʠʧʦʨʪʘ, 

ʨʝʘʣʠʟʫʝʤʦʛʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ Na+. Na+-ʟʘʚʠʩʠʤʳʡ ʚʳʙʨʦʩ ʉʘ2+ ʨʝʛʠʩʪʨʠʨʦʚʘʣʩ ̫ʧʦʩʣʝ ʚʥʝʩʝʥʠʷ 5 

ʤʄ NaCl ʢ ʩʫʩʧʝʥʟʠʠ ʥʘʛʨʫʞʝʥʥʳʭ ʉʘ2+ ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ ʫʩʣʦʚʠʠ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦʛʦ 

ʜʦʙʘʚʣʝʥʠʷ 0,5 ʤʢʄ ʨʫʪʝʥʠʝʚʦʛʦ ʢʨʘʩʥʦʛʦ, ʵʬʬʝʢʪʠʚʥʦ ʧʨʝʧʷʪʩʪʚʫʶʱʝʛʦ ʨʝʮʠʢʣʠʟʘʮʠʠ ʉʘ2+ 

(ʨʠʩʫʥʦʢ 26ɸ). ʂʘʢ ʚʠʜʥʦ ʠʟ ʜʘʥʥʳʭ ʨʠʩʫʥʢʘ, ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤʳʝhʡ, ʦʢʠʩʣʷʶʱʠʭ ʛʣʫʪʘʤʘʪ/ʤʘʣʘʪ, ʭʘʨʘʢʪʝʨʥʦ ʥʝʙʦʣʴʰʦʝ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ Ca2+ 

ʫʥʠʧʦʨʪʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ ʜʠʢʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 26ɹ). ʂʨʦʤʝ ʪʦʛʦ, ʤʦʞʥʦ ʚʠʜʝʪʴ, 

ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 
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ʩʢʦʨʦʩʪʠ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʘ, ʦʩʫʱʝʩʪʚʣʷʶʱʝʛʦ ʚʳʭʦʜ ʉʘ2+ ʠʟ ʤʘʪʨʠʢʩʘ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʦʙʤʝʥ 

ʥʘ Na+, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ ʞʠʚʦʪʥʳʤʠ (ʨʠʩʫʥʦʢ 26ɺ). 

 

ʈʠʩʫʥʦʢ 26 ï ʇʦʛʣʦʱʝʥʠʝ ʠ ʚʳʙʨʦʩ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ 

ʠ mdx-ʤʳʝhʡ. (ɸ) ʂʠʥʝʪʠʢʘ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ 

(ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʝhʡ. ɺʳʭʦʜ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠʥʜʫʮʠʨʦʚʘʥ ʜʦʙʘʚʣʝʥʠʝʤ ʠʥʛʠʙʠʪʦʨʘ 

ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʨʫʪʝʥʠʷ ʢʨʘʩʥʦʛʦ (ʈʂ) ʠ ʭʣʦʨʠʜʘ ʥʘʪʨʠʷ (Na+). ɼʦʙʘʚʢʠ: ʤʠʪʦʭʦʥʜʨʠʠ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh (0,4-0,5 ʤʛ/ʤʣ), 50 ʤʢʄ ʉʘʉl2, 0,5 ʤʢʄ ʈʂ, 5 ʤʄ Naʉl. ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ 

ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʦʜʥʦʤ ʧʨʝʧʘʨʘʪʝ ʤʠʪʦʭʦʥʜʨʠʡ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 4 ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. (ɹ) ʉʨʘʚʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʉʘ2+ ʫʥʠʧʦʨʪʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʝhʡ. (ɺ) 

ʉʨʘʚʥʝʥʠʝ ʩʢʦʨʦʩʪʠ Na+-ʟʘʚʠʩʠʤʦʛʦ ʚʳʙʨʦʩʘ ʉʘ2+ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ 

mdx-ʤʳʝhʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=4). * ï 

ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3.1.1.4, ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤʳʰʝʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʫʛʥʝʪʝʥʠʝ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʚ ʩʫʙʲʝʜʠʥʠʯʥʦʤ ʩʦʩʪʘʚʝ ʙʝʣʢʦʚʦʛʦ ʢʦʤʧʣʝʢʩʘ ʫʥʠʧʦʨʪʝʨʘ, ʠ ʧʨʝʞʜʝ ʚʩʝʛʦ 

ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ ʥʝʘʢʪʠʚʥʦʡ ʢʘʥʘʣʴʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ MCUb. ɺʩʣʝʜʩʪʚʠʝ ʪʦʛʦ, ʯʪʦ 

ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ mdx-ʤʳʰʝʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʉʘ2+ ʫʥʠʧʦʨʪʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʤʳʰʘʤʠ ʜʠʢʦʛʦ ʪʠʧʘ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʧʨʠ ʨʘʟʚʠʪʠʠ ʄɼɼ ʧʨʦʠʩʭʦʜʠʪ 

ʠʟʤʝʥʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʠ ʩʦʦʪʥʦʰʝʥʠʷ ʩʫʙʲʝʜʠʥʠʮ ʫʥʠʧʦʨʪʝʨʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ. 

ʇʦʜʦʙʥʳʭ ʠʟʤʝʥʝʥʠʡ ʩʣʝʜʫʝʪ ʦʞʠʜʘʪʴ ʠ ʚ ʩʣʫʯʘʝ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʘ, ʪʘʢ ʢʘʢ ʩʢʦʨʦʩʪʴ Na2+-

ʟʘʚʠʩʠʤʦʛʦ ʚʳʙʨʦʩʘ ʉʘ2+ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʪʘʢʞʝ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʚ ʩʣʫʯʘʝ mdx-ʞʠʚʦʪʥʳʭ 

(ʨʠʩʫʥʦʢ 26ɺ). 
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ʅʘ ʨʠʩʫʥʢʝ 27 (ɸ ʠ ɹ) ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʙʝʣʢʦʚ ï ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʦʤʧʣʝʢʩʘ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʤʠʪʦʭʦʥʜʨʠʡ, ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʩʝʨʜʮʘ mdx-ʤʳʰʝʡ, ʘ 

ʪʘʢʞʝ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ.  

 

ʈʠʩʫʥʦʢ 27 ï ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʙʝʣʢʦʚ ï ʩʫʙʲʝʜʠʥʠʮ ʢʦʤʧʣʝʢʩʘ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 

ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ, ʘ ʪʘʢʞʝ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʝʨʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ 

ʪʠʧʘ ʠ mdx-ʤʳʝhʡ. (ɸ, ɹ) ʊʠʧʠʯʥʳʝ ʜʘʥʥʳʝ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʙʝʣʢʦʚ-ʩʫʙʲʝʜʠʥʠʮ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʠ NCLX ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ 

(ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʝhʡ (n=3). (ɺ) ʕʢʩʧʨʝʩʩʠʷ ʛʝʥʦʚ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ ï ʩʫʙʲʝʜʠʥʠʮʳ 

ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʠ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʝʨʘ (NCLX) (n=6). ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ 

Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ. * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʙʝʣʢʦʚ ʠ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ mdx-

ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʜʣʷ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʥʦ ʫʚʝʣʠʯʝʥʠʝ 

ʢʦʣʠʯʝʩʪʚʘ ʢʘʥʘʣʴʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ MCU ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ 

ʜʠʢʦʛʦ ʪʠʧʘ ʚ 1,7 ʨʘʟʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ mdx-ʤʳʰʝʡ ʥʘʙʣʶʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʝ (ʚ 

3,8 ʨʘʟʘ) ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʩʫʙʲʝʜʠʥʠʮʳ MCUb (ʥʝʘʢʪʠʚʥʘʷ ʢʘʥʘʣʴʥʘʷ ʩʫʙʲʝʜʠʥʠʮʘ 

ʫʥʠʧʦʨʪʝʨʘ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʪʥʦʰʝʥʠʝ ʩʫʙʲʝʜʠʥʠʮ MCU/MCUb ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʩ 0,15Ñ0,02 ʫ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ ʜʦ 0,96Ñ0,08 ʫ mdx-ʤʳʰʝʡ (ʨ<0,001). ʊʘʢʞʝ 
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ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʢʦʣʠʯʝʩʪʚʘ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ MICU1 ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʩʝʨʜʮʘ mdx-ʤʳʰʝʡ, ʩʦʩʪʘʚʣʷʶʱʝʡ çʚʦʨʦʪʥʳʡè ʤʝʭʘʥʠʟʤ ʫʥʠʧʦʨʪʝʨʘ (Giorgi et al., 2018). ɽʝ 

ʢʦʣʠʯʝʩʪʚʦ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʧʦʯʪʠ ʚ 1,3 ʨʘʟʘ, ʦʜʥʘʢʦ ʧʨʠ ʵʪʦʤ ʦʪʥʦʰʝʥʠʝ ʩʫʙʲʝʜʠʥʠʮ 

MICU1/MCU ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʜʦʩʪʦʚʝʨʥʦ ʥʝ ʠʟʤʝʥʷʣʦʩʴ (4,02Ñ0,51 ʫ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ 

ʪʠʧʘ ʠ 2,98Ñ0,30 ʫ mdx-ʤʳʰʝʡ). ʂʦʣʠʯʝʩʪʚʦ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ EMRE ʥʝ ʠʟʤʝʥʷʣʦʩʴ. 

ʂʨʦʤʝ ʪʦʛʦ, ʯʪʦ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʯʪʠ ʚ 1,8 ʨʘʟʘ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʘ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʝʨʘ (NCLX) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ 

ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ. ʈʝʟʫʣʴʪʘʪʳ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 

(ʨʠʩʫʥʦʢ 27ɺ), ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʨʝʛʫʣʷʮʠʠ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʠʩʩʣʝʜʫʝʤʳʭ ʙʝʣʢʦʚ ʥʘ 

ʫʨʦʚʥʝ ʪʨʘʥʩʢʨʠʧʮʠʠ. ʀʩʢʣʶʯʝʥʠʝ ʩʦʩʪʘʚʣʷʝʪ ʩʫʙʲʝʜʠʥʠʮʘ MCUb, ʜʣʷ ʢʦʪʦʨʦʡ ʥʝ ʚʳʷʚʣʝʥʦ 

ʠʟʤʝʥʝʥʠʡ ʚ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ. ʇʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʩʥʠʞʝʥʠʝ ʫʨʦʚʥʷ ʵʪʦʡ ʩʫʙʲʝʜʠʥʠʮʳ ʥʘ 

ʫʨʦʚʥʝ ʙʝʣʢʘ ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʧʦʩʪʪʨʘʥʩʣʷʮʠʦʥʥʦʡ ʤʦʜʠʬʠʢʘʮʠʠ MCUb ʫ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʘʢʪʠʚʥʦʩʪʴ ʢʦʤʧʣʝʢʩʘ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʨʝʛʫʣʠʨʫʝʪʩʷ 

ʠʟʤʝʥʝʥʠʷʤʠ ʚ ʩʦʦʪʥʦʰʝʥʠʠ Ca2+-ʧʨʦʚʦʜʷʱʠʭ ʩʫʙʲʝʜʠʥʠʮ MCU ʠ MCUb (Giorgi et al., 2018). 

ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʢʘʢ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥʷ MCU, ʪʘʢ ʠ ʫʤʝʥʴʰʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʝʛʦ ʧʘʨʘʣʦʛʘ 

MCUb, ʢʦʪʦʨʦʝ ʟʘʬʠʢʩʠʨʦʚʘʥʦ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ mdx-ʞʠʚʦʪʥʳʭ, ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʯʠʥʦʡ 

ʫʚʝʣʠʯʝʥʠʷ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ Ca2+ ʦʨʛʘʥʝʣʣʘʤʠ ʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʘʢʢʫʤʫʣʷʮʠʠ ʠʦʥʘ ʚ 

ʤʘʪʨʠʢʩʝ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʪʘʢʞʝ ʩʪʦʠʪʴ ʦʪʤʝʪʠʪʴ ʠ ʫʚʝʣʠʯʝʥʠʝ ʘʙʩʦʣʶʪʥʦʛʦ ʢʦʣʠʯʝʩʪʚʘ 

ʩʫʙʲʝʜʠʥʠʮʳ MICU1, ʠʟʤʝʥʝʥʠʝ ʢʦʪʦʨʦʡ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʦʢʘʟʳʚʘʝʪ ʚʘʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʨʝʛʝʥʝʨʘʮʠʠ ʪʢʘʥʝʡ (Antony et al., 2016). 

ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʩʢʦʨʦʩʪʠ ʚʳʙʨʦʩʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ 

ʩʝʨʜʮʘ ʧʨʠ ʄɼɼ ʦʙʫʩʣʦʚʣʝʥʦ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ Na+/ʉʘ2+-ʘʥʪʠʧʦʨʪʝʨʘ. 

ʆʚʝʨʵʢʩʧʨʝʩʩʠʷ ʵʪʦʛʦ ʙʝʣʢʘ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʨʘʥʝʝ, ʦʢʘʟʳʚʘʝʪ ʢʘʨʜʠʦʧʨʦʪʝʢʪʦʨʥʦʝ ʜʝʡʩʪʚʠʝ 

ʧʫʪʝʤ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʢʘʣʴʮʠʝʚʦʡ ʧʝʨʝʛʨʫʟʢʠ ʤʘʪʨʠʢʩʘ ʦʨʛʘʥʝʣʣ ʠ ʠʥʜʫʢʮʠʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʧʦʨʳ (Luongo et al., 2017). ʇʨʠ ʵʪʦʤ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʘ ʢʘʨʪʠʥʘ 

ʷʚʣʷʝʪʩʷ ʩʧʝʮʠʬʠʯʥʦʡ ʜʣʷ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ ʧʨʠ ʄɼɼ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ 

ʠʥʜʫʢʮʠʷ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ ʧʫʪʝʤ ʜʝʣʝʮʠʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʥʦʛʦ ʬʘʢʪʦʨʘ ɸ ʤʠʪʦʭʦʥʜʨʠʡ (Tfam) 

ʥʘʨʷʜʫ ʩ ʫʚʝʣʠʯʝʥʠʝʤ ʫʨʦʚʥʷ MCU ʠ ʩʢʦʨʦʩʪʠ ʫʥʠʧʦʨʪʘ, ʥʘʧʨʦʪʠʚ, ʩʦʧʨʦʚʦʞʜʘʣʘʩʴ ʩʥʠʞʝʥʠʝʤ 

ʵʢʩʧʨʝʩʩʠʠ NCLX ʠ ʩʢʦʨʦʩʪʠ Na+-ʟʘʚʠʩʠʤʦʛʦ ʚʳʙʨʦʩʘ ʉʘ2+ ʠʟ ʤʘʪʨʠʢʩʘ (Sommakia et al., 2017). 

3.1.2.4. ʄʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ mdx-ʤʳ ʝhʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ 

ʠʥʜʫʢʮʠʠ ʉʘ2+-ʟʘʚʠʩʠʤʦʡ ʧʦʨr 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3.1.1.5, ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ ʜʠʩʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʡ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʧʨʠ ʄɼɼ ʠʛʨʘʝʪ ʠʥʜʫʢʮʠʷ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʦʡ MPT-ʧʦʨr ʚʦ ʚʥʫʪʨʝʥʥʝʡ 
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ʤʝʤʙʨʘʥʝ ʦʨʛʘʥʝʣʣ, ʩʧʦʩʦʙʩʪʚʫʶʱʘʷ ʢʘʣʴʮʠʝʚʦʡ ʧʝʨʝʛʨʫʟʢʝ ʤʠʦʧʣʘʟʤʳ ʠ ʨʘʟʚʠʪʠʶ 

ʥʝʢʨʦʪʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʝʜʝʥʳ ʘʥʘʣʦʛʠʯʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʥʘ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ, ʩ ʮʝʣʴʶ ʚʳʷʩʥʝʥʠʷ ʨʦʣʠ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ ʚ ʠʟʤʝʥʝʥʠʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ 

ʦʨʛʘʥʝʣʣ ʠ ʨʘʟʚʠʪʠʷ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ. ɼʣʷ ʵʪʦʛʦ ʦʮʝʥʝʥʘ ʢʘʣʴʮʠʝʚʘʷ ʝʤʢʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʡ, 

ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʠʟ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʠ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ. ʕʪʦʪ 

ʧʘʨʘʤʝʪʨ ʦʪʨʘʞʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʦʨʛʘʥʝʣʣ ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨr. ʅʘ ʨʠʩʫʥʢʝ 28ɸ ʧʦʢʘʟʘʥʳ 

ʨʝʟʫʣʴʪʘʪʳ ʪʘʢʠʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ mdx-ʤʳʝhʡ 

ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʦʙʘʚʦʢ ʉʘ2+ (ʧʫʣʴʩʘʤʠ ʧʦ 10 

ʤʢʄ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ ʜʠʢʦʛʦ ʪʠʧʘ. ʂʦʣʠʯʝʩʪʚʝʥʥʦ ʵʪʦ ʪʘʢʞʝ ʧʨʦʷʚʣʷʝʪʩʷ ʚ 

ʜʦʩʪʦʚʝʨʥʦʤ ʫʚʝʣʠʯʝʥʠʠ ʧʘʨʘʤʝʪʨʘ ʢʘʣʴʮʠʝʚʦʡ ʝʤʢʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʚ 1,3 ʨʘʟʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ (ʨʠʩʫʥʦʢ 28ɹ). ʕʪʦ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ mdx-ʤʳʝhʡ ʦʙʣʘʜʘʶʪ ʙʦʣʴʰʝʡ ʫʩʪʦʡʯʠʚʦʩʪʴʶ 

ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨr. 

 

ʈʠʩʫʥʦʢ 28. ʀʥʜʫʢʮʠʷ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʦʡ MPT-ʧʦʨr ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ 

ʪʠʧʘ ʠ mdx-ʤʳʝhʡ. (ɸ) ʇʦʛʣʦʱʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʦʙʘʚʦʢ ʉʘ2+ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʝʨʜʮʘ 

ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʰʝʡ. ɼʦʙʘʚʢʠ: ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ (0,4-0,5 ʤʛ/ʤʣ), 

ʉʘʉl2
 (ʧʫʣʴʩʘʤʠ ʧʦ 10 ʤʢʄ). ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ 

ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʦʜʥʦʤ ʧʨʝʧʘʨʘʪʝ ʤʠʪʦʭʦʥʜʨʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 

ʚ 4 ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. (ɹ) ʉʨʘʚʥʝʥʠʝ ʉʘ2+-ʝʤʢʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʤʳʝhʡ 

ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʝhʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ 

(n=4). * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʧʘʨʘʤʝʪʨʘʤʠ ʤʠʪʦʭʦʥʜʨʠʡ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩʢʝʣʝʪʥʳʭ ʤʳʮh, ʤʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨr ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʙʝʣʢʦʚ, ʷʚʣʷʶʱʠʭʩʷ ʧʨʝʜʧʦʣʘʛʘʝʤʳʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ MPT-ʧʦʨr ï ʘʜʝʥʠʣʘʪʪʨʘʥʩʣʦʢʘʪʦʨʘ (ANT), ɸʊʌ-ʩʠʥʪʘʟʳ, ʧʦʨʠʥʘ (VDAC1), 
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ʬʦʨʤʠʨʫʶʱʝʛʦ ʢʘʥʘʣ ʧʦʨʳ ʚʦ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʝ ʦʨʛʘʥʝʣʣ, ʘ ʪʘʢʞʝ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʝʣʢʘ 

ʮʠʢʣʦʬʠʣʠʥʘ ɼ (Bonora et al., 2022). ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʪʘʢʞʝ ʦʮʝʥʝʥʳ 

ʠʟʤʝʥʝʥʠʷ ʫʨʦʚʥʷ ʵʪʠʭ ʙʝʣʢʦʚ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʧʨʠ ʨʘʟʚʠʪʠʠ ʄɼɼ. 

ʅʘ ʨʠʩʫʥʢʝ 29 ʧʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʮʠʢʣʦʬʠʣʠʥʘ ɼ, ʠʟʦʬʦʨʤ 

ʘʜʝʥʠʣʘʪʪʨʘʥʩʣʦʢʘʪʦʨʘ ANT1 ʠ ANT2, ʩ-ʩʫʙʲʝʜʠʥʠʮʳ ɸʊʌ-ʩʠʥʪʘʟʳ, ʘ ʪʘʢʞʝ VDAC1 ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʞʠʚʦʪʥʳʭ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʢʦʣʠʯʝʩʪʚʦ ʠʟʫʯʘʝʤʳʭ ʙʝʣʢʦʚ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʨʘʟʚʠʪʠʠ ʄɼɼ (ʨʠʩʫʥʦʢ 29ɸ ʠ ɹ). ʈʝʟʫʣʴʪʘʪʳ, 

ʧʦʣʫʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ ʚʨʝʤʝʥʠ, ʧʦʜʪʚʝʨʞʜʘʶʪ ʧʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ (ʨʠʩʫʥʦʢ 

29ɺ). ʄʦʞʥʦ ʣʠʰʴ ʦʪʤʝʪʠʪʴ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʘ, ʢʦʜʠʨʫʶʱʝʛʦ VDAC1, ʦʜʥʘʢʦ ʵʪʦ ʥʝ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ ʙʝʣʢʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʫʚʝʣʠʯʝʥʠʝ 

ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ mdx-ʤʳʝhʡ ʢ ʦʪʢʨʳʪʠʶ MPT-ʧʦʨr, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʥʝ 

ʟʘʚʠʩʠʪ ʦʪ ʫʨʦʚʥʷ ʙʝʣʢʦʚ, ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʝʝ ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʝʛʫʣʷʮʠʠ, ʠ 

ʦʙʫʩʣʦʚʣʝʥʦ ʚʣʠʷʥʠʝʤ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ. 

 

ʈʠʩʫʥʦʢ 29 ï ʉʨʘʚʥʝʥʠʝ ʫʨʦʚʥʷ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ MPT-ʧʦʨr ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳhʝʡ. (ɸ, ɹ) ʊʠʧʠʯʥʳʝ ʜʘʥʥʳʝ 

ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ 

MPT-ʧʦʨr ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʝhʡ (n=3). (ɺ) ʕʢʩʧʨʝʩʩʠʷ 

ʛʝʥʦʚ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ MPT-ʧʦʨr, ʠʟʤʝʨʝʥʥʘʷ ʤʝʪʦʜʦʤ ʇʎʈ ʚ ʨʝʘʣʴʥʦʤ 

ʚʨʝʤʝʥʠ (n=6). ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ. * ï ʨʘʟʣʠʯʠʷ 

ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʙʝʣʢʦʚ ʠ ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʜʥʠʤ ʠʟ ʧʘʨʘʤʝʪʨʦʚ, ʚʣʠʷʶʱʠʭ ʥʘ ʦʪʢʨʳʪʠʝ MPT-ʧʦʨr, ʷʚʣʷʝʪʩʷ 

ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʚʷʟʢʦʩʪʠ ʤʝʤʙʨʘʥ ʤʠʪʦʭʦʥʜʨʠʡ (Colell et al., 2003). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ 

ʦʮʝʥʠʣʠ ʠʟʤʝʥʝʥʠʝ ʤʠʢʨʦʚʷʟʢʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ ʤʝʤʙʨʘʥ ʧʨʠ ʄɼɼ ʩ ʧʦʤʦʱʴʶ 

ʬʣʫʦʨʝʩʮʝʥʪʥʦʛʦ ʟʦʥʜʘ ʣʘʫʨʜʘʥʘ. ʃʘʫʨʜʘʥ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʳʡ ʢ ʩʦʩʪʘʚʫ 

ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʟʦʥʜ, ʢʦʪʦʨʳʡ ʪʨʘʜʠʮʠʦʥʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ ʦʮʝʥʢʠ 

ʬʘʟʦʚʦʛʦ ʩʦʩʪʦʷʥʠʷ ʣʠʧʠʜʥʳʭ ʤʝʤʙʨʘʥ (Amaral et al., 2016). ɻʝʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ 

(ɻʇ) ʣʘʫʨʜʘʥʘ ʦʪʨʘʞʘʝʪ ʛʠʜʨʘʪʘʮʠʶ ʣʠʧʠʜʥʦʛʦ ʙʠʩʣʦʷ ʠ ʧʦʜʚʠʞʥʦʩʪʴ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʦʙʣʘʩʪʠ 

ʣʠʧʠʜʥʳʭ ʛʦʣʦʚʦʢ. ʅʘ ʨʠʩʫʥʢʝ 30 ʧʨʠʚʝʜʝʥʳ ʟʥʘʯʝʥʠʷ ʧʘʨʘʤʝʪʨʘ ɻʇ ʣʘʫʨʜʘʥʘ ʧʨʠ ʝʛʦ ʟʘʛʨʫʟʢʝ 

ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ ʢʦʥʪʨʦʣʴʥʳʭ ʠ mdx-ʤʳʝhʡ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

mdx-ʤʳʝhʡ ʥʘʙʣʶʜʘʝʪʩʷ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ɻʇ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ. ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʪʦʤ, ʯʪʦ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦʜʚʠʞʥʦʩʪʴ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʦʙʣʘʩʪʠ ʣʠʧʠʜʥʳʭ 

ʛʦʣʦʚʦʢ ʩʥʠʞʝʥʘ, ʯʪʦ ʧʨʝʜʧʦʣʘʛʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʚʷʟʢʦʩʪʠ ʤʝʤʙʨʘʥ ʦʨʛʘʥʝʣʣ.  

 

ʈʠʩʫʥʦʢ 30 ï ɻʝʥʝʨʘʣʠʟʦʚʘʥʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ (ɻʇ) ʣʘʫʨʜʘʥʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ 

ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʝhʡ ʠ mdx-ʤʳʝhʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ 

ʩʨʝʜʥʝʛʦ (n=3). * ï ʨʘʟʣʠʯʠʷ ʧʘʨʘʤʝʪʨʘʤʠ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳ, ʨ < 0,05 

ʈʘʥʝʝ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʚʳʩʦʢʘʷ ʤʠʢʨʦʚʷʟʢʦʩʪʴ ʤʝʤʙʨʘʥ ʤʠʪʦʭʦʥʜʨʠʡ ʦʙʫʩʣʘʚʣʠʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʝʣʣ ʢ ANT-ʦʧʦʩʨʝʜʦʚʘʥʥʦʤʫ ʦʪʢʨʳʪʠʶ MPT-

ʧʦʨr (Colell et al., 2003). ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʫʚʝʣʠʯʝʥʠʝ ʤʠʢʨʦʚʷʟʢʦʩʪʠ ʤʝʤʙʨʘʥ 

ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʧʨʠ ʄɼɼ ʚʣʠʷʝʪ ʥʘ ʪʦʧʦʣʦʛʠʶ ʤʝʤʙʨʘʥ ʠ ʧʦʚʝʜʝʥʠʝ ʙʝʣʢʦʚ ïʢʦʤʧʦʥʝʥʪʦʚ 

ʄʈʊ-ʧʦʨʳ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʚʳʟʳʚʘʝʪ ʧʦʚʳʰʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʝʣʣ mdx-ʤʳʝhʡ ʢ 

ʠʥʜʫʢʮʠʠ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ ʚʦʟʤʦʞʥʦʝ ʚʣʠʷʥʠʝ ʫʨʦʚʥʷ 

ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ ʥʘ ʘʢʢʫʤʫʣʷʮʠʶ Ca2+ ʚ ʤʘʪʨʠʢʩʝ ʦʨʛʘʥʝʣʣ ʠ ʠʥʜʫʢʮʠʶ MPT-ʧʦʨr. 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʫʨʦʚʝʥʴ ʬʦʩʬʘʪʦʚ ʧʦʚʳʰʘʝʪʩʷ ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʪʠʧʘʭ ʢʘʨʜʠʦʤʠʦʧʘʪʠʡ (Spindler et 

al., 1998; Valkoviļ et al., 2019), ʯʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʚʝʣʠʯʝʥʠʶ ʉʘ2+-

ʝʤʢʦʩʪʠ ʦʨʛʘʥʝʣʣ ʠ ʠʥʛʠʙʠʨʦʚʘʪʴ ʦʪʢʨʳʪʠʝ ʄʈʊ-ʧʦʨʳ (Rasola and Bernardi, 2011). 
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3.1.2.5. ʄʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ mdx-ʤʳ ʝhʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʠʷ ʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ ʠʦʥʘ 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3.1.1.6, ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʤʳʝhʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʠʷ ʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʵʪʦʛʦ ʠʦʥʘ, ʯʪʦ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 

ʜʠʩʬʫʥʢʮʠʠ, ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʠ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʄɼɼ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʧʨʝʜʧʦʣʘʛʘʪʴ ʫʯʘʩʪʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ, ʘʢʪʠʚʠʨʫʝʤʦʛʦ 

ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ, ʢʘʣʠʝʚʦʛʦ ʢʘʥʘʣʘ (mitoBKCa), ʚ ʨʘʟʚʠʪʠʠ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ. 

ʅʘʨʫʰʝʥʠʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʂ+-ʢʘʥʘʣʦʚ ʤʠʪʦʭʦʥʜʨʠʡ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʨʘʟʚʠʪʠʠ 

ʜʠʣʘʪʘʮʠʦʥʥʦʡ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ ʨʘʟʣʠʯʥʦʡ ʵʪʠʦʣʦʛʠʠ, ʢʦʪʦʨʘʷ ʭʘʨʘʢʪʝʨʥʘ ʠ ʜʣʷ ʄɼɼ 

(Bienengraeber et al., 2004; Farid et al., 2011; Graciotti et al., 2011). ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʤʳ 

ʚʳʷʚʠʣʠ ʫʛʥʝʪʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ K+ ʠ ʚ ʩʣʫʯʘʝ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ mdx-ʤʳʝhʡ (ʨʠʩʫʥʦʢ 31ɸ). ɺ 

ʤʠʪʦʭʦʥʜʨʠʷʭ, ʚʳʜʝʣʝʥʥʳʭ ʠʟ ʩʝʨʜʮʘ mdx-ʤʳʝhʡ, ʦʙʥʘʨʫʞʠʚʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʚʳʭʦʜʘ K+ ʚ ʦʪʚʝʪ ʥʘ ʜʦʙʘʚʣʝʥʠʝ ɼʅʌ (ʨʠʩʫʥʦʢ 31ɹ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ 

ʩʝʨʜʮʘ ʢʦʥʪʨʦʣʴʥʳʭ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʦʙʱʠʡ ʫʨʦʚʝʥʴ K+ ʪʘʢʞʝ ʩʥʠʞʘʣʩʷ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʝʤ, ʠ ʵʪʦ ʩʥʠʞʝʥʠʝ ʪʘʢʞʝ ʙʳʣʦ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳʤ (ʨʠʩʫʥʦʢ 31ɺ). 

 

ʈʠʩʫʥʦʢ 31 ï ʉʢʦʨʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ ʠ ʫʨʦʚʝʥʴ K+ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ 

mdx-ʤʳʰʝʡ. (ɸ) ɼʅʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʚʳʭʦʜ ʂ+ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʤʳʰʝʡ ʛʨʫʧʧʳ 

ʢʦʥʪʨʦʣʴ (ʢʨʠʚʘʷ 1) ʠ mdx (ʢʨʠʚʘʷ 2), ʠʟʤʝʨʝʥʥʳʡ ʧʨʠ ʧʦʤʦʱʠ ʂ+-ʩʝʣʝʢʪʠʚʥʦʛʦ ʵʣʝʢʪʨʦʜʘ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʥʘ ʦʜʥʦʤ ʧʨʝʧʘʨʘʪʝ ʤʠʪʦʭʦʥʜʨʠʡ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʪʨʝʭ ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. ʄʘʢʩʠʤʘʣʴʥʳʡ 

ʚʳʭʦʜ ʂ+ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʠʥʜʫʮʠʨʦʚʘʥ ʚʥʝʩʝʥʠʝʤ Triton X-100 (ʊʍ). (ɹ) ʉʢʦʨʦʩʪʴ 

ɼʅʌ-ʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ ʚʳʭʦʜʘ ʂ+ ʠʟ ʤʠʪʦʭʦʥʜʨʠʡ ʩʝʨʜʮʘ ʤʳʰʝʡ. (ɺ) ʆʙʱʠʡ ʫʨʦʚʝʥʴ ʂ+ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʤʳʰʝʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ 

(n = 3). * ï ʨʘʟʣʠʯʠʷ ʧʘʨʘʤʝʪʨʘʤʠ mdx-ʤʳʰʝʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ 

ʟʥʘʯʠʤʳ, ʨ < 0,01 
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ɺ ʨʘʙʦʪʝ ʪʘʢʞʝ ʦʮʝʥʝʥ ʫʨʦʚʝʥʴ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ BK-ʢʘʥʘʣʘ ʚ ʩʝʨʜʮʝ ʞʠʚʦʪʥʳʭ, 

ʢʦʜʠʨʫʝʤʦʛʦ ʩʧʣʘʡʩ-ʚʘʨʠʘʥʪʦʤ (VEDEC) ʛʝʥʘ Kcnma1, ʩʦʜʝʨʞʘʱʝʛʦ ʠʥʬʦʨʤʘʮʠʶ ʦ ʩʪʨʫʢʪʫʨʝ 

ʮʠʪʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ BKCa-ʢʘʥʘʣʘ (Singh et al., 2013). ʀʟ ʜʘʥʥʳʭ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʚʠʜʥʦ, ʯʪʦ 

ʫʨʦʚʝʥʴ mitoBKCa, ʦʮʝʥʝʥʥʳʡ ʚ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʤʠʪʦʭʦʥʜʨʠʷʭ, ʥʝ ʨʘʟʣʠʯʘʝʪʩʷ ʤʝʞʜʫ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ ʞʠʚʦʪʥʳʭ (ʨʠʩʫʥʦʢ 32ɸ ʠ ɹ). ʇʨʠ ʵʪʦʤ ʫʨʦʚʝʥʴ ʵʢʩʧʨʝʩʩʠʠ 

ʛʝʥʘ VEDEC ʪʘʢʞʝ ʥʝ ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʩʝʨʜʝʯʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ mdx-ʞʠʚʦʪʥʳʭ ʠ ʤʳʝhʡ ʜʠʢʦʛʦ 

ʪʠʧʘ (ʨʠʩʫʥʦʢ 32ɺ). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʩʥʠʞʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʪʨʘʥʩʧʦʨʪʘ K+ ʠ ʦʙʱʝʛʦ ʫʨʦʚʥʷ 

ʠʦʥʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʥʝ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʝʤ ʫʨʦʚʥʷ 

mitoBKCa. ʕʪʦ ʧʦʟʚʦʣʷʝʪ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ 

ʛʦʤʝʦʩʪʘʟʘ K+ ʚ ʢʘʨʜʠʦʤʠʦʮʠʪʘʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʤʦʛʫʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʳ 

ʠʟʤʝʥʝʥʠʝʤ ʘʢʪʠʚʥʦʩʪʠ ʠʤʝʶʱʠʭʩʷ ʙʝʣʢʦʚʳʭ ʩʫʙʲʝʜʠʥʠʮ mitoBKCa ʠʣʠ ʞʝ ʚʢʣʘʜʦʤ ʜʨʫʛʠʭ 

ʧʝʨʝʥʦʩʯʠʢʦʚ ʠʦʥʦʚ ʢʘʣʠʷ ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʤʝʤʙʨʘʥʝ. 

 

ʈʠʩʫʥʦʢ 32 ï ʋʨʦʚʝʥʴ mitoBKCa ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʝʨʜʮʘ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʝhʡ. (ɸ, 

ɹ) ʊʠʧʠʯʥʳʝ ʜʘʥʥʳʝ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ ʠ ʦʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ mitoBKCa ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ (ʢʦʥʪʨʦʣʴ) ʠ mdx-ʤʳʝhʡ (n=3). (ɺ) ʆʪʥʦʩʠʪʝʣʴʥʳʡ ʫʨʦʚʝʥʴ ʤʈʅʂ 

BK-VEDEC (ʢʦʜʠʨʫʝʪ mitoBKCa) ʚ ʩʝʨʜʮʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʞʠʚʦʪʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ 

ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n = 6). * ï ʨʘʟʣʠʯʠʷ ʤʝʞʜʫ ʫʨʦʚʥʝʤ ʙʝʣʢʦʚ ʠ 

ʵʢʩʧʨʝʩʩʠʝʡ ʛʝʥʦʚ mdx-ʤʳʝhʡ ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʟʥʘʯʠʤʳ, ʨ < 0,05 

3.1.3. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 3.1 

ʈʝʟʫʣʴʪʘʪʳ ʨʘʙʦʪʳ, ʧʨʠʚʝʜʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʡ ʛʣʘʚʝ ʜʠʩʩʝʨʪʘʮʠʠ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ 

ʩʫʱʝʩʪʚʝʥʥʦʤ ʠʟʤʝʥʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʫʩʣʦʚʠʷʭ ʄɼɼ ʠ ʦ 

ʛʣʫʙʦʢʠʭ ʧʝʨʝʩʪʨʦʡʢʘʭ ʚ ʩʠʩʪʝʤʘʭ ʪʨʘʥʩʧʦʨʪʘ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʢʘʣʠʷ ʚ ʵʪʠʭ ʦʨʛʘʥʝʣʣʘʭ ʫ 

ʤʦʜʝʣʴʥʳʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ. ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʠ ʩʝʨʜʮʘ ʧʦ-ʨʘʟʥʦʤʫ ʦʪʚʝʯʘʶʪ ʥʘ ʨʘʟʚʠʪʠʝ ʵʪʦʡ ʧʘʪʦʣʦʛʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, 
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ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ ʭʘʨʘʢʪʝʨʥʦ ʩʫʱʝʩʪʚʝʥʥʦʝ ʫʛʥʝʪʝʥʠʝ ʜʳʭʘʥʠʷ ʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ 5), ʢʦʪʦʨʦʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ɸʊʌ ʚ 

ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ ʞʠʚʦʪʥʳʭ (ʨʠʩʫʥʦʢ 12). ʕʪʦ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝʤ 

ʧʨʦʜʫʢʮʠʠ ɸʌʂ ʦʨʛʘʥʝʣʣʘʤʠ ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʘʢʪʠʚʘʮʠʝʡ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ, ʦ ʯʝʤ 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʥʘʢʦʧʣʝʥʠʝ ʚ ʦʨʛʘʥʝʣʣʘʭ ʄɼɸ ï ʧʨʦʜʫʢʪʘ ʧʝʨʝʢʠʩʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʣʠʧʠʜʦʚ 

ʤʝʤʙʨʘʥ (ʨʠʩʫʥʦʢ 13). ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʥʘʙʣʶʜʘʝʤʳʝ ʠʟʤʝʥʝʥʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʥʘʨʫʰʝʥʠʝʤ 

ʠʦʥʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh. ʀ ʨʝʯʴ ʧʨʝʞʜʝ ʚʩʝʛʦ ʠʜʝʪ ʦʙ ʠʦʥʘʭ 

ʢʘʣʴʮʠʷ ʠ ʢʘʣʠʷ, ʚ ʨʝʛʫʣʷʮʠʠ ʫʨʦʚʥʷ ʢʦʪʦʨʳʭ ʟʘʜʝʡʩʪʚʦʚʘʥʳ ʤʠʪʦʭʦʥʜʨʠʠ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ, ʩ ʦʜʥʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʩʧʦʩʦʙʥʳ ʵʬʬʝʢʪʠʚʥʦ 

ʪʨʘʥʩʧʦʨʪʠʨʦʚʘʪʴ ʉʘ2+ ʠʟ ʚʥʝʰʥʝʛʦ ʦʢʨʫʞʝʥʠʷ (ʨʠʩʫʥʦʢ 14), ʘ ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʥʝ ʩʧʦʩʦʙʥʳ 

ʫʜʝʨʞʠʚʘʪʴ ʵʪʠ ʠʦʥr ʚ ʤʘʪʨʠʢʩʝ ʦʨʛʘʥʝʣʣ (ʨʠʩʫʥʦʢ 16). ɺ ʧʝʨʚʦʤ ʩʣʫʯʘʝ ʵʪʦ ʦʙʫʩʣʦʚʣʝʥʦ 

ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʚ ʢʦʤʧʣʝʢʩʝ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ ʤʠʪʦʭʦʥʜʨʠʡ (ʨʠʩʫʥʦʢ 15), ʚʝʜʫʱʠʤʠ ʢ 

ʩʥʠʞʝʥʠʶ ʘʢʪʠʚʥʦʩʪʠ ʫʥʠʧʦʨʪʘ ʠʦʥʘ. ɺʦ ʚʪʦʨʦʤ ʩʣʫʯʘʝ ʨʝʯʴ, ʚʝʨʦʷʪʥʦ, ʠʜʝʪ ʦ ʧʝʨʝʩʪʨʦʡʢʘʭ ʚ 

ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʦʪʚʝʪʩʪʚʝʥʥʳʭ ʟʘ ʦʪʢʨʳʪʠʝ ʉʘ2+-ʟʘʚʠʩʠʤʦʡ MPT-ʧʦʨr ʚ ʤʝʤʙʨʘʥʘʭ 

ʤʠʪʦʭʦʥʜʨʠʡ (ʨʠʩʫʥʦʢ 17), ʧʨʠ ʵʪʦʤ ʪʘʢʠʝ ʧʝʨʝʩʪʨʦʡʢʠ ʧʨʠʚʦʜʷʪ ʢ ʩʥʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ 

ʦʨʛʘʥʝʣʣ ʢ ʠʥʜʫʢʮʠʠ ʵʪʦʛʦ ʬʝʥʦʤʝʥʘ, ʚʝʜʫʱʝʛʦ ʢ ʛʠʙʝʣʠ ʦʨʛʘʥʝʣʣ. ɺʩʣʝʜʩʪʚʠʝ ʪʘʢʠʭ 

ʧʝʨʝʩʪʨʦʝʢ ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʥʝ ʩʧʦʩʦʙʥʳ ʚʳʧʦʣʥʷʪʴ ʦʜʥʫ ʠʟ ʦʩʥʦʚʥʳʭ ʬʫʥʢʮʠʡ 

ï ʟʘʙʫʬʝʨʠʚʘʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʉʘ2+, ʯʪʦ ʥʝʦʙʭʦʜʠʤʦ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʢʦʨʨʝʢʪʥʦʡ ʨʘʙʦʪʳ 

ʩʦʢʨʘʪʠʪʝʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʤʳʝhʯʥʦʡ ʢʣʝʪʢʠ, ʥʦ ʠ ʜʣʷ ʘʜʝʢʚʘʪʥʦʡ ʨʝʛʫʣʷʮʠʠ ʘʢʪʠʚʥʦʩʪʠ 

ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʬʝʨʤʝʥʪʦʚ (ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʭ). ʕʪʠʤ 

ʠʟʤʝʥʝʥʠʷʤ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʘʚʣʝʥʠʝ ʛʦʤʝʦʩʪʘʟʘ K+ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ï ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ ʵʪʦʛʦ ʠʦʥʘ ʠ ʦʙʱʠʡ ʫʨʦʚʝʥʴ K+ ʩʫʱʝʩʪʚʝʥʥʦ 

ʩʥʠʞʝʥʳ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ (ʨʠʩʫʥʦʢ 18), ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ 

ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʫʨʦʚʥʷ ʠ ʘʢʪʠʚʥʦʩʪʠ ʢʘʣʠʝʚʳʭ ʢʘʥʘʣʦʚ ʦʨʛʘʥʝʣʣ, ʚ ʯʘʩʪʥʦʩʪʠ ʢʘʣʴʮʠʡ-

ʘʢʪʠʚʠʨʫʝʤʦʛʦ ʢʘʣʠʝʚʦʛʦ ʢʘʥʘʣʘ (ʨʠʩʫʥʦʢ 19). ɺʩʷ ʦʧʠʩʘʥʥʘʷ ʩʦʚʦʢʫʧʥʦʩʪʴ ʩʦʙʳʪʠʡ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʨʘʟʚʠʪʠʶ ʜʠʩʬʫʥʢʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʘʧʧʘʨʘʪʘ ʢʣʝʪʦʢ ʩʢʝʣʝʪʥʳʭ ʤʳʮh, ʯʪʦ 

ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʤʦʞʝʪ ʚʥʦʩʠʪʴ ʩʫʱʝʩʪʚʝʥʥʳʡ ʚʢʣʘʜ ʚ ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʧʘʪʦʣʦʛʠʠ ʄɼɼ, 

ʩʦʧʨʦʚʦʞʜʘʶʱʝʡʩʷ ʥʘʨʫʰʝʥʠʝʤ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʤʳʰʯʥʳʭ ʚʦʣʦʢʦʥ, ʨʘʟʚʠʪʠʝʤ 

ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʨʦʮʝʩʩʘ, ʠʥʪʝʥʩʠʚʥʳʤʠ ʮʠʢʣʘʤʠ ʜʝʛʝʥʝʨʘʮʠʠ/ʨʝʛʝʥʝʨʘʮʠʠ ʠ ʬʠʙʨʦʟʦʤ 

(ʨʠʩʫʥʦʢ 10), ʯʪʦ ʚʝʜʝʪ ʢ ʩʥʠʞʝʥʠʶ ʤʳʝhʯʥʦʡ ʩʠʣʳ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ 

ʞʠʚʦʪʥʳʭ (ʨʠʩʫʥʦʢ 9). 

ʀʥʘʷ ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʚ ʩʣʫʯʘʝ ʩʝʨʜʝʯʥʦʛʦ ʬʝʥʦʪʠʧʘ ʵʪʦʡ ʧʘʪʦʣʦʛʠʠ ʥʘ ʤʦʜʝʣʴʥʳʭ 

ʞʠʚʦʪʥʳʭ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʢʘʨʜʠʦʤʠʦʮʠʪʦʚ mdx-ʤʳʝhʡ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ 

ʘʜʘʧʪʘʮʠʦʥʥʳʤʠ ʠʟʤʝʥʝʥʠʷʤʠ, ʢʦʪʦʨʳʝ ʧʨʦʷʚʣʷʶʪʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ (ʪʘʙʣʠʮʘ 7), ʫʣʫʯʰʝʥʠʠ ʨʝʮʠʢʣʠʟʘʮʠʠ Ca2+ ʧʦʩʨʝʜʩʪʚʦʤ 
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ʫʥʠʧʦʨʪʘ ʠ Na+-ʟʘʚʠʩʠʤʦʛʦ ʘʥʪʠʧʦʨʪʘ (ʨʠʩʫʥʦʢ 26), ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʠ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʝʣʣ 

ʢ ʠʥʜʫʢʮʠʠ ʬʝʥʦʤʝʥʘ MPT-ʧʦʨr (ʨʠʩʫʥʦʢ 28). ɺʩʝ ʵʪʠ ʠʟʤʝʥʝʥʠʷ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ 

ʧʝʨʝʩʪʨʦʡʢʘʤʠ ʚ ʙʝʣʢʦʚʳʭ ʩʠʩʪʝʤʘʭ, ʨʝʛʫʣʠʨʫʶɦ ʠʭ ʪʨʘʥʩʧʦʨʪ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

(ʨʠʩʫʥʦʢ 27). ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʘʢʠʝ ʷʚʣʝʥʠʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʨʘʟʚʠʪʠʷ 

ʧʘʪʦʣʦʛʠʠ ʩʧʦʩʦʙʥʳ ʢʦʤʧʝʥʩʠʨʦʚʘʪʴ ʜʠʩʬʫʥʢʮʠʶ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ 

ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʄɼɼ (Valladares et al., 2018), ʘ ʪʘʢʞʝ ʤʘʩʢʠʨʦʚʘʪʴ ʤʝʪʘʙʦʣʠʯʝʩʢʫʶ 

ʜʠʩʬʫʥʢʮʠʶ, ʯʪʦ ʧʨʝʜʧʦʣʦʞʝʥʦ ʚ ʨʷʜʝ ʨʘʙʦʪ (Mourkioti et al., 2013; Chang et al., 2016). ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʥʘʨʷʜʫ ʩ ʵʪʠʤ, ʤʠʪʦʭʦʥʜʨʠʠ ʩʝʨʜʮʘ mdx-ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʠʟʤʝʥʝʥʠʝʤ 

ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʧʨʦʜʫʢʮʠʠ ɸʌʂ (ʨʠʩʫʥʦʢ 25), ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ 

ʨʘʟʚʠʪʠʶ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʚ ʵʪʦʤ ʦʨʛʘʥʝ. ɹʦʣʝʝ ʪʦʛʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʥʘʙʣʶʜʘʝʪʩʷ 

ʫʛʥʝʪʝʥʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ K+ (ʨʠʩʫʥʦʢ 31), ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʜʠʩʬʫʥʢʮʠʝʡ 

ʢʘʣʠʝʚʳʭ ʢʘʥʘʣʦʚ ʦʨʛʘʥʝʣʣ. ʀʟʚʝʩʪʥʦ, ʯʪʦ K+-ʢʘʥʘʣʳ ʧʦʜʜʝʨʞʠʚʘʶʪ ʨʠʪʤʠʯʥʦʩʪʴ ʩʦʢʨʘʱʝʥʠʡ, 

ʨʝʧʦʣʷʨʠʟʫʷ ʢʘʨʜʠʦʤʠʦʮʠʪʳ ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʪʦ ʵʣʝʢʪʨʠʯʝʩʢʠʝ ʠ ʩʦʢʨʘʪʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ 

ʦʩʪʘʶʪʩʷ ʩʠʥʭʨʦʥʠʟʠʨʦʚʘʥʥʳʤʠ (Ravens and Cerbai, 2008; Burg and Attali, 2021). ʄʦʞʥʦ 

ʧʨʝʜʧʦʣʘʛʘʪʴ, ʯʪʦ ʩʦ ʚʨʝʤʝʥʝʤ ʜʠʩʬʫʥʢʮʠʷ ʢʘʣʠʝʚʳʭ ʢʘʥʘʣʦʚ ʠ ʫʛʥʝʪʝʥʠʝ ʢʘʣʠʝʚʦʛʦ ʛʦʤʝʦʩʪʘʟʘ 

ʤʠʪʦʭʦʥʜʨʠʡ ʩʧʦʩʦʙʩʪʚʫʶʪ ʨʘʟʚʠʪʠʶ ʘʨʠʪʤʠʠ ʠ ʢʘʨʜʠʦʤʠʦʧʘʪʠʠ, ʭʘʨʘʢʪʝʨʥʳʭ ʜʣʷ ʧʦʟʜʥʠʭ 

ʩʪʘʜʠʡ ʨʘʟʚʠʪʠʷ ʄɼɼ (Fauconnier et al., 2010). 

3.2. ɺʣʠʷʥʠʝ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʘ ʨʘʟʚʠʪʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 

ʜʠʩʬʫʥʢʮʠʠ ʠ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʧʨʠ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ  

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʜʥʠʤ ʠʟ ʥʘʠʙʦʣʝʝ ʜʦʩʪʫʧʥʳʭ ʚʘʨʠʘʥʪʦʚ ʪʝʨʘʧʠʠ ʄɼɼ ʷʚʣʷʝʪʩʷ 

ʧʨʠʤʝʥʝʥʠʝ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʝʬʣʘʟʘʢʦʨʪʘ (ɼʌʂ, 

ʨʠʩʫʥʦʢ 33). ɼʌʂ ʷʚʣʷʝʪʩʷ ʧʝʨʚʳʤ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʤ, ʦʜʦʙʨʝʥʥʳʤ ʚ 2017 ʛ. ʫʧʨʘʚʣʝʥʠʝʤ ʧʦ 

ʩʘʥʠʪʘʨʥʦʤʫ ʥʘʜʟʦʨʫ ʟʘ ʢʘʯʝʩʪʚʦʤ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʤʝʜʠʢʘʤʝʥʪʦʚ ʉʐɸ (FDA) ʜʣʷ 

ʣʝʯʝʥʠʷ ʄɼɼ. ɼʌʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʦʢʩʘʟʦʣʦʥ-ʧʨʦʠʟʚʦʜʥʦʝ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘ ʧʨʝʜʥʠʟʦʥʘ, 

ʦʙʣʘʜʘʶʱʝʝ ʩʨʘʚʥʠʤʳʤʠ ʩ ʥʠʤ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʠ ʠʤʫʥʥʦʩʫʧʨʝʩʩʠʚʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, 

ʥʦ ʤʝʥʝʝ ʚʳʨʘʞʝʥʥʳʤʠ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ. ɼʌʂ, 

ʤʝʪʘʙʦʣʠʟʠʨʫʷʩʴ ʚ ʧʝʯʝʥʠ ʜʦ ʘʢʪʠʚʥʦʛʦ ʤʝʪʘʙʦʣʠʪʘ ï 21-ʜʝʟʘʮʝʪʠʣʜʝʬʣʘʟʘʢʦʨʪʘ, ʚʦʟʜʝʡʩʪʚʫʝʪ 

ʥʘ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʳʝ ʨʝʮʝʧʪʦʨʳ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʧʦʜʘʚʣʝʥʠʶ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʮʠʪʦʢʠʥʦʚ ʠ 

ʧʨʦʣʠʬʝʨʘʮʠʠ CD4+ ʣʠʤʬʦʮʠʪʦʚ, ʥʦ ʚ ʪʦ ʞʝ ʚʨʝʤʷ ʫʚʝʣʠʯʝʥʠʶ ʢʦʣʠʯʝʩʪʚʘ CD8+ ʢʣʝʪʦʢ, ʯʪʦ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʘʚʣʝʥʠʶ ʠʤʤʫʥʥʦʛʦ ʦʪʚʝʪʘ ʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ 

(Markham and Bryson, 1995; Bylo et al., 2020). ʇʦʢʘʟʘʥʦ, ʯʪʦ ʝʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʧʨʦʜʣʝʚʘʝʪ 

ʜʚʠʛʘʪʝʣʴʥʫʶ ʩʧʦʩʦʙʥʦʩʪʴ ʧʘʮʠʝʥʪʦʚ, ʩʪʨʘʜʘʶʱʠʭ ʜʠʩʪʨʦʬʠʝʡ ɼʶʰʝʥʥʘ, ʥʘ ʩʨʦʢ ʦʪ 2 ʜʦ 5 ʣʝʪ 

ʠ ʫʣʫʯʰʘʝʪ ʤʳʝhʯʥʫʶ ʩʠʣʫ ʠ ʩʝʨʜʝʯʥʦ-ʣʝʛʦʯʥʫʶ ʬʫʥʢʮʠʶ (Bylo et al., 2020). ʆʜʥʘʢʦ ʝʛʦ 

ʧʨʠʤʝʥʝʥʠʝ ʪʝʤ ʥʝ ʤʝʥʝʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʦʙʦʯʥʳʤʠ ʵʬʬʝʢʪʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʩʠʥʜʨʦʤ 
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ʂʫʰʠʥʛʘ, ʵʨʠʪʝʤʘ, ʛʠʨʩʫʪʠʟʤ, ʫʚʝʣʠʯʝʥʠʝ ʚʝʩʘ, ʥʘʟʦʬʘʨʠʥʛʠʪ, ʟʘʜʝʨʞʢʘ ʧʦʣʦʚʦʛʦ ʩʦʟʨʝʚʘʥʠʷ ʠ 

ʢʘʪʘʨʘʢʪʘ (Bello et al., 2015; Griggs et al., 2016; McDonald et al., 2018). ɻʣʶʢʦʢʦʨʪʠʢʦʠʜʳ ʪʘʢʞʝ 

ʤʦʛʫʪ ʥʘʨʫʰʘʪʴ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ, ʫʯʘʩʪʚʫʶʱʠʭ ʚ ʜʝʛʨʘʜʘʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʤʳʮh (Hanaoka et 

al., 2012), ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʭʨʦʥʠʯʝʩʢʠʤ ʤʠʦʧʘʪʠʷʤ, ʢʦʪʦʨʳʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʠʩʬʫʥʢʮʠʠ 

ʧʨʦʢʩʠʤʘʣʴʥʳʭ ʤʳʮh (Schakman et al., 2009). ɺ ʯʘʩʪʥʦʩʪʠ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʠʪʝʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ ʚʳʟʳʚʘʝʪ ʤʳʝhʯʥʫʶ ʘʪʨʦʬʠʶ ʚʩʣʝʜʩʪʚʠʝ ʠʥʛʠʙʠʨʦʚʘʥʠʷ 

ʩʠʥʪʝʟʘ ʤʳʝhʯʥʦʛʦ ʙʝʣʢʘ (Quattrocelli et al., 2017; Hammers et al., 2020). 

 

ʈʠʩʫʥʦʢ 33 ï ʉʪʨʫʢʪʫʨʘ ʜʝʬʣʘʟʘʢʦʨʪʘ 

ʉʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʠʯʝʛʦ ʥʝ ʠʟʚʝʩʪʥʦ ʦ ʚʣʠʷʥʠʠ ɼʌʂ ʥʘ ʨʘʟʚʠʪʠʝ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ 

ʜʠʩʬʫʥʢʮʠʠ, ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʄɼɼ. ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ ʚ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʦ in vivo 

ʚʣʠʷʥʠʝ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ɼʌʂ (ʚ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʝ 1 ʤʛ/ʢʛ ʤʘʩʩʳ ʪʝʣʘ ʚ 

ʪʝʯʝʥʠʝ 4 ʥʝʜʝʣʴ, ʨʠʩʫʥʦʢ 34) ʥʘ ʩʦʩʪʦʷʥʠʝ ʪʢʘʥʠ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʫʶ 

ʘʢʪʠʚʥʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ mdx-ʤʳʝhʡ, ʘ ʪʘʢʞʝ 

ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ.  

 

ʈʠʩʫʥʦʢ 34 ï ʇʨʦʪʦʢʦʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʘ ʨʘʟʚʠʪʠʝ ʄɼɼ 
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3.2.1. ɺʣʠʷʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʘ ʧʘʨʘʤʝʪʨʳ ʜʳʭʘʥʠʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʤʳ ʝhʡ 

ʈʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ ʄɼɼ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʜʠʩʬʫʥʢʮʠʝʡ ʤʠʪʦʭʦʥʜʨʠʡ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh, ʚ ʯʘʩʪʥʦʩʪʠ, ʩʥʠʞʝʥʠʝʤ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ. 

ʕʪʦ ʭʘʨʘʢʪʝʨʥʦ ʢʘʢ ʜʣʷ ʤʦʣʦʜʳʭ 4-ʥʝʜʝʣʴʥʳʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ (ʛʣʘʚʘ 3.1.1.2) 

ʠ ʩʦʭʨʘʥʷʝʪʩʷ ʫ 7-ʥʝʜʝʣʴʥʳʭ ʤʳʝhʡ (ʪʘʙʣʠʮʘ 8). 

ʊʘʙʣʠʮʘ 8 ï ɺʣʠʷʥʠʝ ɼʌʂ ʥʘ ʧʘʨʘʤʝʪʨʳ ʜʳʭʘʥʠʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ 

ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ ʠ mdx-ʤʳʝhʡ, ʵʥʝʨʛʠʟʦʚʘʥʥʳʭ ʛʣʫʪʘʤʘʪʦʤ 

ʠ ʤʘʣʘʪʦʤ 

ʄʳ ʠh (n=4) 
ʉʦʩʪʦʷʥʠʝ 

2 

ʉʦʩʪʦʷʥʠʝ 

3 

ʉʦʩʪʦʷʥʠʝ 

4 

ʉʦʩʪʦʷʥʠʝ 

3Uɼʅʌ 

ɼʂ ɸɼʌ/O 

ʥʤʦʣʴ ʆ2 / ʤʠʥ ʥʘ 1 ʤʛ ʙʝʣʢʘ ʦʪʥʦʩʠʪʝʣʴʥʳʝ 

ʝʜʠʥʠʮʳ 

ʢʦʥʪʨʦʣʴ 15,9Ñ1,6 156,3Ñ9,4 26,3Ñ1,5 214,1Ñ18,5 5,9Ñ0,3 2,95Ñ0,03 

ʢʦʥʪʨʦʣʴ+ɼʌʂ 17,7Ñ1,7 142,6Ñ5,8 26,4Ñ1,8 220,5Ñ15,2 5,4Ñ0,2 2,94Ñ0,04 

mdx 16,6Ñ1,8 124,0Ñ2,4* 27,4Ñ0,9 200,8Ñ17,2 4,6Ñ0,2# 2,92 ײÑ0,04 

mdx +ɼʌʂ 17,0Ñ1,8 152,1Ñ6,5ɔ 32,3Ñ1,0 223,2Ñ14,6 4,7Ñ0,1# 2,95 ײÑ0,06 

ɼʳʭʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʩʦʩʪʦʷʥʠʠ 3 ʠʥʜʫʮʠʨʦʚʘʥʦ ʚʥʝʩʝʥʠʝʤ 200 ʤʢʄ ɸɼʌ. ɼʳʭʘʥʠʝ 

ʤʠʪʦʭʦʥʜʨʠʡ ʚ ʩʦʩʪʦʷʥʠʠ 3Uɼʅʌ ʠʥʜʫʮʠʨʦʚʘʥʦ ʚʥʝʩʝʥʠʝʤ 50 ʤʢʄ ʧʨʦʪʦʥʦʬʦʨʥʦʛʦ 

ʨʘʟʦʙʱʠʪʝʣʷ ɼʅʌ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ. n ð

 ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ ʚ ʛʨʫʧʧʝ. * p < 0,05 ʧʨʦʪʠʚ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ; ɔ p < 0,05 ʧʨʦʪʠʚ 

mdx-ʤʳʝhʡ; # p < 0,01 ʧʨʦʪʠʚ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ; ײ p < 0,05 ʧʨʦʪʠʚ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʴ+ɼʌʂ 

ʀʟ ʪʘʙʣʠʮʳ 8ʠʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ mdx-ʤʳʰʝʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʩʥʠʞʝʥʠʝ ʩʢʦʨʦʩʪʠ ɸɼʌ-ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʛʦ ʜʳʭʘʥʠʷ (ʩʦʩʪʦʷʥʠʝ 3) ʠ 

ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ ʜʠʢʦʛʦ ʪʠʧʘ. ʇʨʠ ʵʪʦʤ 

ʤʠʪʦʭʦʥʜʨʠʠ mdx-ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʜʝʬʣʘʟʘʢʦʨʪ, ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʫʚʝʣʠʯʝʥʠʝʤ ʩʢʦʨʦʩʪʠ 

ʜʳʭʘʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ 3 ʥʘ 23%. ʆʜʥʘʢʦ ʪʘʢʦʡ ʵʬʬʝʢʪ ʥʝ ʩʦʧʨʦʚʦʞʜʘʣʩʷ ʠʟʤʝʥʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ 

ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʤʠʪʦʭʦʥʜʨʠʡ. ɺ ʪʦ ʞʝ ʚʨʝʤʷ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘ ʥʝ 

ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʷ ʥʘ ʜʨʫʛʠʝ ʧʘʨʘʤʝʪʨʳ ʜʳʭʘʥʠʷ ʠ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ 

ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʢʘʢ mdx-ʤʳʰʝʡ, ʪʘʢ ʠ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 
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ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʳ ʩʧʦʩʦʙʥʳ ʦʢʘʟʳʚʘʪʴ ʨʘʟʦʙʱʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʥʘ ʤʠʪʦʭʦʥʜʨʠʠ, 

ʧʨʦʷʚʣʷʶʱʝʝʩʷ ʚ ʫʚʝʣʠʯʝʥʠʠ ʩʢʦʨʦʩʪʠ ʜʳʭʘʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ 4 (Symons et al., 1974). 

ʄʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ɼʌʂ, ʪʘʢʞʝ ʜʝʤʦʥʩʪʨʠʨʫʶʪ 

ʪʝʥʜʝʥʮʠʶ ʢ ʫʚʝʣʠʯʝʥʠʶ ʩʢʦʨʦʩʪʠ ʜʳʭʘʥʠʷ ʚ ʩʦʩʪʦʷʥʠʠ 4 (ʪʘʙʣʠʮʘ 8). ʄʦʞʥʦ ʧʨʝʜʧʦʣʘʛʘʪʴ, 

ʯʪʦ ʨʘʟʦʙʱʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʠ ʧʨʦʜʫʢʪʘ ʝʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʥʘ ʜʳʭʘʥʠʝ ʦʨʛʘʥʝʣʣ ʚ 

ʩʦʩʪʦʷʥʠʠ 4 ʥʝ ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʢʦʵʬʬʠʮʠʝʥʪʘ ʜʳʭʘʪʝʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʠ ʢʦʵʬʬʠʮʠʝʥʪʘ 

ɸɼʌ/ʆ. ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʨʘʥʝʝ ʧʦʜʦʙʥʳʝ ʵʬʬʝʢʪʳ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʜʣʷ ʜʨʫʛʦʛʦ 

ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʘ ʧʨʝʜʥʠʟʦʣʦʥʘ, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʫʣʫʯʰʘʣ ʧʘʨʘʤʝʪʨʳ ʜʳʭʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ 

(Brouilly et al., 2015; Bylo et al., 2020). 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3.1.1.2, ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʘʷ ʜʠʩʬʫʥʢʮʠʷ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ ɸʊʌ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ ʫʞʝ ʚ ʚʦʟʨʘʩʪʝ 4-ʭ ʥʝʜʝʣʴ. ʇʦʜʦʙʥʘʷ 

ʢʘʨʪʠʥʘ ʥʘʙʣʶʜʘʝʪʩʷ ʠ ʚ ʩʣʫʯʘʝ 7-ʥʝʜʝʣʴʥʳʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ (ʨʠʩʫʥʦʢ 35). 

ʇʨʠ ʵʪʦʤ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʠʥʜʫʮʠʨʦʚʘʥʥʦʝ ʜʝʬʣʘʟʘʢʦʨʪʦʤ ʧʦʚʳʰʝʥʠʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʠ ʦʨʛʘʥʝʣʣ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ɸʊʌ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ mdx-ʤʳʰʝʡ. 

ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʯʠʪʳʚʘʷ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʵʪʦʛʦ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘ 

(Markham and Bryson, 1995; Bylo et al., 2020), ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʩʥʠʞʝʥʠʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮʘʭ mdx-ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ 

ʜʝʬʣʘʟʘʢʦʨʪ, ʠ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʢʣʦʚ ʜʝʛʝʥʝʨʘʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ, ʤʦʞʝʪ 

ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʧʦʪʨʝʙʥʦʩʪʴ ʤʳʰʝʯʥʳʭ ʢʣʝʪʦʢ ʚ ʵʥʝʨʛʠʠ ɸʊʌ, ʘ ʪʘʢʞʝ ʩʤʷʛʯʠʪʴ ʥʘʨʫʰʝʥʠʝ 

ʬʫʥʢʮʠʠ ʤʳʰʝʯʥʦʡ ʪʢʘʥʠ, ʢʣʝʪʦʢ ʠ ʦʨʛʘʥʝʣʣ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ ʚʦʟʤʦʞʥʦʝ 

ʚʣʠʷʥʠʝ ɼʌʂ ʠ ʝʛʦ ʤʝʪʘʙʦʣʠʪʘ ʥʘ ʘʢʪʠʚʥʦʩʪʴ ʬʝʨʤʝʥʪʦʚ ʛʣʠʢʦʣʠʟʘ ʠ ʮʠʢʣʘ ʪʨʠʢʘʨʙʦʥʦʚʳʭ 

ʢʠʩʣʦʪ. 

 

ʈʠʩʫʥʦʢ 35 ï ʋʨʦʚʝʥʴ ɸʊʌ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʤʳʝhʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n = 3) 
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3.2.2. ɺʣʠʷʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʘ ʧʦʛʣʦʱʝʥʠʝ ʉʘ2+ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʤʳ ʝhʡ 

ɼʝʩʪʨʫʢʪʠʚʥʳʝ ʧʨʦʮʝʩʩʳ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ, ʠʤʝʶʱʠʝ ʤʝʩʪʦ ʧʨʠ ʄɼɼ, ʦʙʫʩʣʦʚʣʝʥʳ 

ʚ ʪʦʤ ʯʠʩʣʝ ʟʥʘʯʠʪʝʣʴʥʳʤ ʥʘʨʫʰʝʥʠʝʤ ʨʝʛʫʣʷʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʠʦʥʦʚ 

ʢʘʣʴʮʠʷ. ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3.1.1.4, ʵʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 4-ʥʝʜʝʣʴʥʳʭ mdx-

ʤʳʝhʡ. ʅʘʤʠ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 7-ʥʝʜʝʣʴʥʳʭ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʩʭʦʞʫʶ ʢʘʨʪʠʥʫ ʠ ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʩʥʠʞʝʥʠʝʤ ʩʢʦʨʦʩʪʠ ʧʦʛʣʦʱʝʥʠʷ ʉʘ2+ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ 

(ʨʠʩʫʥʦʢ 36). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʧʨʠʚʦʜʠʪ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʢʦʨʦʩʪʠ 

ʫʥʠʧʦʨʪʘ ʉʘ2+ ʚ ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʜʦ ʫʨʦʚʥʷ 

ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ. ʇʨʠ ʵʪʦʤ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜ ʥʝ ʦʢʘʟʘʣ ʚʣʠʷʥʠʷ ʥʘ ʩʢʦʨʦʩʪʴ 

ʧʦʛʣʦʱʝʥʠʷ ʉʘ2+ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ. 

 
ʈʠʩʫʥʦʢ 36 ï ʇʦʛʣʦʱʝʥʠʝ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʤʳʰʝʡ: (ɸ) 

ʂʠʥʝʪʠʢʘ ʧʦʛʣʦʱʝʥʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʤʳʰʝʡ. 

ɼʦʙʘʚʢʠ: ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ (0,4-0,5 ʤʛ/ʤʣ), 50 ʤʢʄ ʉʘʉl2. ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ 

ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʦʜʥʦʤ ʧʨʝʧʘʨʘʪʝ ʤʠʪʦʭʦʥʜʨʠʡ. 

ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ 5 ʥʝʟʘʚʠʩʠʤʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ. (ɹ) ʉʨʘʚʥʝʥʠʝ 

ʩʢʦʨʦʩʪʠ ʉʘ2+-ʫʥʠʧʦʨʪʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʤʳʰʝʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ 

ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=5) 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3.1.1.4, ʜʣʷ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-ʤʳʰʝʡ ʭʘʨʘʢʪʝʨʥʦ 

ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʦʚʳʰʝʥʠʝ ʫʨʦʚʥʷ ʥʝʘʢʪʠʚʥʦʡ ʢʘʥʘʣʴʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ MCUb ʚ ʩʦʩʪʘʚʝ 

ʢʦʤʧʣʝʢʩʘ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʟʥʘʯʠʪʝʣʴʥʳʤ ʩʥʠʞʝʥʠʝʤ ʦʪʥʦʰʝʥʠʷ 

MCU/MCUb ʠ, ʢʘʢ ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʫʥʠʧʦʨʪʘ ʉʘ2+ ʚ 

ʤʠʪʦʭʦʥʜʨʠʠ. ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʭʦʜʝ ʥʘʩʪʦʷʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ 
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ʘʥʘʣʦʛʠʯʥʘʷ ʪʝʥʜʝʥʮʠʷ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʫ 7-ʥʝʜʝʣʴʥʳʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ (ʨʠʩʫʥʦʢ 

37). ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʤʳ ʦʮʝʥʠʣʠ ʚʣʠʷʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʘ ʫʨʦʚʝʥʴ ʦʩʥʦʚʥʳʭ ʩʫʙʲʝʜʠʥʠʮ 

ʢʦʤʧʣʝʢʩʘ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ, ʢʦʪʦʨʳʝ ʦʧʨʝʜʝʣʷʶʪ ʢʠʥʝʪʠʢʫ ʧʦʛʣʦʱʝʥʠʷ ʉʘ2+ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ (ʢʘʥʘʣʴʥʳʭ ʩʫʙʲʝʜʠʥʠʮ 

MCU ʠ MCUb ʠ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ MICU1). ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʩʦʜʝʨʞʘʥʠʝ ʵʪʠʭ 

ʩʫʙʲʝʜʠʥʠʮ ʫʥʠʧʦʨʪʝʨʘ ʠ ʠʭ ʩʪʝʭʠʦʤʝʪʨʠʷ ʨʝʛʫʣʠʨʫʝʪ ʪʨʘʥʩʧʦʨʪ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ Cʘ2+ ʚ 

ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤʠ ʧʦʪʨʝʙʥʦʩʪʷʤʠ (Giorgi et al., 2018). ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʧʨʠʤʝʥʝʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʝ ʚʣʠʷʝʪ ʥʘ ʫʨʦʚʝʥʴ ʩʫʙʲʝʜʠʥʠʮʳ MCU ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ (ʨʠʩʫʥʦʢ 37ɹ), ʥʦ ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʪʝʥʜʝʥʮʠʶ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ 

ʜʦʤʠʥʘʥʪ-ʥʝʛʘʪʠʚʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ MCUb ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ mdx-ʤʳʰʝʡ (ʨʠʩʫʥʦʢ 37ɺ). ʊʝʤ ʥʝ 

ʤʝʥʝʝ ʵʪʦ ʥʝ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʠʟʤʝʥʝʥʠʝʤ ʩʦʦʪʥʦʰʝʥʠʷ MCU/MCUb ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʜʝʬʣʘʟʘʢʦʨʪ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤʠ mdx-ʤʳʰʘʤʠ (ʨʠʩʫʥʦʢ 37ɼ). ʉʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʝ 

ʦʢʘʟʘʣʦ ʚʣʠʷʥʠʷ ʥʘ ʫʨʦʚʝʥʴ ʨʝʛʫʣʷʪʦʨʥʦʡ ʩʫʙʲʝʜʠʥʠʮʳ MICU1 ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ 

ʤʳʰʮ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ (ʨʠʩʫʥʦʢ 37ɻ). 

 
ʈʠʩʫʥʦʢ 37 ï ʋʨʦʚʥʠ ʙʝʣʢʦʚ Ca2+ ʫʥʠʧʦʨʪʝʨʘ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ. 

ʊʠʧʠʯʥʳʝ ʜʘʥʥʳʝ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ (ɸ). ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʩʫʙʲʝʜʠʥʠʮ MCU (ɹ), 

MCUb (ɺ), MICU1 (ɻ), ʘ ʪʘʢʞʝ ʩʦʦʪʥʦʰʝʥʠʝ MCU/MCUb (ɼ) ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ 

ʤʳʝhʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n = 6) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ 

ʩʧʦʩʦʙʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʧʦʛʣʦʱʘʪʴ ʠʦʥʳ 
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ʢʘʣʴʮʠʷ, ʯʪʦ, ʚʦʟʤʦʞʥʦ, ʦʙʫʩʣʦʚʣʝʥʦ ʪʝʥʜʝʥʮʠʝʡ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʩʫʙʲʝʜʠʥʠʯʥʦʛʦ ʩʦʩʪʘʚʘ 

ʢʦʤʧʣʝʢʩʘ ʢʘʣʴʮʠʝʚʦʛʦ ʫʥʠʧʦʨʪʝʨʘ. ʕʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʣʠʪʝʨʘʪʫʨʳ, ʢʦʪʦʨʳʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʧʦʩʦʙʥʦʩʪʴ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ ʤʦʜʫʣʠʨʦʚʘʪʴ ʘʢʪʠʚʥʦʩʪʴ ʢʘʣʴʮʠʝʚʳʭ 

ʧʝʨʝʥʦʩʯʠʢʦʚ ʚ ʤʝʤʙʨʘʥʘʭ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ, ʚʢʣʶʯʘʷ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʝ ʤʝʤʙʨʘʥʳ 

(Passaquin et al., 1998). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʥʦʨʤʘʣʠʟʘʮʠʷ ʩʢʦʨʦʩʪʠ 

ʫʥʠʧʦʨʪʘ ʉʘ2+ ʚ ʤʠʪʦʭʦʥʜʨʠʠʠ mdx-ʤʳʝhʡ ʪʘʢʞʝ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʘ ʫʣʫʯʰʝʥʠʝʤ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʜʳʭʘʥʠʷ (ʪʘʙʣʠʮʘ 8). 

3.2.3. ɺʣʠʷʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʘ ʠʥʜʫʢʮʠʶ ʉʘ2+-ʟʘʚʠʩʠʤʦʡ ʧʦʨr ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʤʳ ʝhʡ 

ʀʟ ʜʘʥʥʳʭ ʛʣʘʚʳ 3.1.1.5 ʚʠʜʥʦ, ʯʪʦ ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʩʢʝʣʝʪʥʳʭ 

ʤʳʮhʘʭ mdx-ʤʳʝhʡ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʧʝʨʝʛʨʫʟʢʦʡ ʤʠʪʦʭʦʥʜʨʠʡ ʠʦʥʘʤʠ ʢʘʣʴʮʠʷ ʠ ʩʥʠʞʝʥʠʝʤ 

ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʝʣʣ ʢ ʠʥʜʫʢʮʠʠʠ ʄʈʊ-ʧʦʨʳ. ɺ ʨʘʙʦʪʝ ʦʮʝʥʝʥʦ in vivo ʚʣʠʷʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ 

ʥʘ ʨʘʟʚʠʪʠʝ ʵʪʦʛʦ ʧʨʦʮʝʩʩʘ ʚ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ. ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ 

ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 7-ʥʝʜʝʣʴʥʳʭ mdx-ʤʳʝhʡ ʩʧʦʩʦʙʥʳ ʧʦʛʣʦʱʘʪʴ ʤʝʥʴʰʝʝ 

ʢʦʣʠʯʝʩʪʚʦ ʜʦʙʘʚʦʢ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʞʠʚʦʪʥʳʤʠ ʜʠʢʦʛʦ ʪʠʧʘ, ʯʪʦ 

ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʥʠʞʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʢʘʣʴʮʠʝʚʦʡ ʝʤʢʦʩʪʠ (ʨʠʩʫʥʦʢ 38) ʠ ʷʚʣʷʝʪʩʷ 

ʩʚʠʜʝʪʝʣʴʩʪʚʦʤ ʩʣʘʙʦʡ ʫʩʪʦʡʯʠʚʦʩʪʠ ʦʨʛʘʥʝʣʣ ʵʪʠʭ ʞʠʚʦʪʥʳʭ ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨr.  

 

ʈʠʩʫʥʦʢ 38 ï ʀʥʜʫʢʮʠʷ ʢʘʣʴʮʠʡ-ʟʘʚʠʩʠʤʦʡ MPT-ʧʦʨr ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 

ʤʳʝhʡ: (ɸ) ʇʦʛʣʦʱʝʥʠʝ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ ʜʦʙʘʚʦʢ ʉʘ2+ ʤʠʪʦʭʦʥʜʨʠʷʤʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 

ʤʳʝhʡ. ɼʦʙʘʚʢʠ: ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh (0,45 ʤʛ/ʤʣ), ʉʘʉl2 (ʧʫʣʴʩʘʤʠ ʧʦ 10 ʤʢʄ). 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʜʘʥʥʳʝ ʪʠʧʠʯʥʦʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʦʜʥʦ ʠ ʪʦ ʞʝ ʚʨʝʤʷ ʥʘ ʦʜʥʦʤ 

ʧʨʝʧʘʨʘʪʝ ʤʠʪʦʭʦʥʜʨʠʡ. ɸʥʘʣʦʛʠʯʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚ ʧʷʪʠ ʥʝʟʘʚʠʩʠʤʳʭ 

ʵʢʩʧʝʨʠʤʝʥʪʘʭ. (ɹ) ʉʨʘʚʥʝʥʠʝ ʉʘ2+-ʝʤʢʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=5) 
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ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʨʘʥʥʠʤʠ ʜʘʥʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʥʘ ʤʦʣʦʜʳʭ 4-ʥʝʜʝʣʴʥʳʭ ʞʠʚʦʪʥʳʭ 

(ʨʠʩʫʥʦʢ 16). ʇʨʠ ʵʪʦʤ ʤʠʪʦʭʦʥʜʨʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ mdx-ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʜʝʬʣʘʟʘʢʦʨʪ, 

ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʜʘʣʴʥʝʡʰʠʤ ʫʤʝʥʴʰʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʧʦʛʣʦʱʘʝʤʳʭ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʭ 

ʜʦʙʘʚʦʢ Ca2+ (ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʩʥʠʞʝʥʠʝʤ ʧʘʨʘʤʝʪʨʘ ʢʘʣʴʮʠʝʚʦʡ ʝʤʢʦʩʪʠ) ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʤʠ ʞʠʚʦʪʥʳʤʠ. ɹʦʣʝʝ ʪʦʛʦ, ʵʪʦʪ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜ ʦʢʘʟʘʣ 

ʘʥʘʣʦʛʠʯʥʦʝ ʜʝʡʩʪʚʠʝ ʠ ʥʘ ʤʠʪʦʭʦʥʜʨʠʠ ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ 

ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʝʬʣʘʟʘʢʦʨʪ ʩʥʠʞʘʝʪ ʫʩʪʦʡʯʠʚʦʩʪʴ ʤʠʪʦʭʦʥʜʨʠʡ ʢ ʠʥʜʫʢʮʠʠ ʄʈʊ-ʧʦʨʳ. 

ɺʳʰʝ (ʛʣʘʚʘ 3.1.1.5) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʥʠʞʝʥʠʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh mdx-ʤʳʝhʡ ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨr ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥʦ ʟʥʘʯʠʪʝʣʴʥʳʤ 

ʧʦʚʳʰʝʥʠʝʤ ʫʨʦʚʥʷ 2 ʠʟʦʬʦʨʤʳ ʘʜʝʥʠʣʘʪʪʨʘʥʩʣʦʢʘʪʦʨʘ (ANT2), ʢʦʪʦʨʳʡ, ʧʦ ʚʩʝʡ ʚʠʜʠʤʦʩʪʠ, 

ʬʦʨʤʠʨʫʝʪ ʢʘʥʘʣ MPT-ʧʦʨr ʚʦ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥʝ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʧʨʠ ʄɼɼ. 

ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʧʦʚʳʰʝʥʥʳʡ ʫʨʦʚʝʥʴ ʵʪʦʛʦ ʙʝʣʢʘ ʩʦʭʨʘʥʷʝʪʩʷ ʠ ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ 7-ʥʝʜʝʣʴʥʳʭ mdx-ʤʳʝhʡ (ʨʠʩʫʥʦʢ 39).  

 

ʈʠʩʫʥʦʢ 39 ï ʋʨʦʚʥʠ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ MPT-ʧʦʨr ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ. ʊʠʧʠʯʥʳʝ ʜʘʥʥʳʝ ʠʤʤʫʥʦʙʣʦʪʪʠʥʛʘ (ɸ). ʆʪʥʦʩʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ANT1 (ɹ), ANT2 (ɺ), CypD (ɻ), VDAC1 (ɼ) ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʤʳʰʝʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n = 6) 

ɺʚʝʜʝʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʪʝʥʜʝʥʮʠʝʡ ʢ ʧʦʚʳʰʝʥʠʶ ʫʨʦʚʥʷ ANT2 ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʢʘʢ mdx-ʤʳʰʝʡ, ʪʘʢ ʠ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ. ʋʨʦʚʝʥʴ ʜʨʫʛʦʛʦ ʚʦʟʤʦʞʥʦʛʦ 
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ʢʦʤʧʦʥʝʥʪʘ MPT-ʧʦʨʳ ï ANT1 ʥʝ ʨʘʟʣʠʯʘʝʪʩʷ ʤʝʞʜʫ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ 

ʞʠʚʦʪʥʳʭ. ʅʘʨʷʜʫ ʩ ʵʪʠʤ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ mdx-ʤʳʰʝʡ, ʧʦʣʫʯʘʚʰʠʭ ʜʝʬʣʘʟʘʢʦʨʪ, ʤʦʞʥʦ 

ʦʪʤʝʪʠʪʴ ʪʝʥʜʝʥʮʠʶ ʢ ʥʦʨʤʘʣʠʟʘʮʠʠ ʫʨʦʚʥʷ ʨʝʛʫʣʷʪʦʨʥʦʛʦ ʙʝʣʢʘ ʮʠʢʣʦʬʠʣʠʥʘ ɼ ʜʦ ʫʨʦʚʥʷ 

ʤʳʰʝʡ ʜʠʢʦʛʦ ʪʠʧʘ. ʂʨʦʤʝ ʪʦʛʦ, ʚʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʩʣʘʙʦʡ 

ʪʝʥʜʝʥʮʠʝʡ ʢ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʷ VDAC1, ʬʦʨʤʠʨʫʶʱʝʛʦ ʢʘʥʘʣ ʧʦʨʳ ʚʦ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʝ, ʚ 

ʤʠʪʦʭʦʥʜʨʠʷʭ ʦʙʝʠʭ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ. 

ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʫʨʦʚʝʥʴ ANT2, ʥʦ ʥʝ CypD ʠ VDAC1, ʜʝʤʦʥʩʪʨʠʨʫʝʪ ʦʙʨʘʪʥʫʶ 

ʢʦʨʨʝʣʷʮʠʶ ʩ ʨʝʟʠʩʪʝʥʪʥʦʩʪʴʶ ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨr. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ 

ʪʢʘʥʝʚʦʡ ʩʧʝʮʠʬʠʯʥʦʩʪʴʶ ʫʯʘʩʪʠʷ ʙʝʣʢʦʚ ï ʧʨʝʜʧʦʣʘʛʘʝʤʳʭ ʢʦʤʧʦʥʝʥʪʦʚ ʄʈʊ-ʧʦʨ,r ʚ ʝʝ 

ʬʦʨʤʠʨʦʚʘʥʠʠ ʠ ʨʝʛʫʣʷʮʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ʵʢʩʧʨʝʩʩʠʷ ʦʩʥʦʚʥʦʛʦ ʨʝʛʫʣʷʪʦʨʥʦʛʦ 

ʙʝʣʢʘ CypD ʥʝ ʦʢʘʟʳʚʘʝʪ ʨʝʰʘʶʱʝʛʦ ʚʣʠʷʥʠʷ ʥʘ ʦʪʢʨʳʪʠʝ ʧʦʨ (ʚ ʦʪʣʠʯʠʝ ʦʪ ʩʠʪʫʘʮʠʠ, ʢʦʛʜʘ 

ʛʝʥ ʵʪʦʛʦ ʙʝʣʢʘ ʧʦʣʥʦʩʪʴʶ ʥʦʢʘʫʪʠʨʦʚʘʥ) (Laker et al., 2016). ʉ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʫʨʦʚʝʥʴ ʵʪʠʭ 

ʤʥʦʛʦʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʙʝʣʢʦʚ ʪʘʢʞʝ ʤʦʞʝʪ ʦʢʘʟʳʚʘʪʴ ʚʘʞʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 

ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʦʨʛʘʥʝʣʣ ʠ ʨʘʟʚʠʪʠʝ ʜʠʩʪʨʦʬʠʠ (Graham et al., 1997; Wu et 

al., 1999; Hyzewicz et al., 2015). ʅʘʢʦʥʝʮ, ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʯʠʩʣʦ ʄʈʊ-ʧʦʨ ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʢʘʥʘʣʦʦʙʨʘʟʫʶʱʠʭ ʙʝʣʢʦʚ ʥʝ ʧʨʝʚʳʰʘʝʪ ʜʝʚʷʪʠ ʥʘ ʤʠʪʦʭʦʥʜʨʠ ʁ(Neginskaya 

et al., 2020). ʕʪʦ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʧʨʝʜʧʦʣʘʛʘʝʪ ʚʘʞʥʦʩʪʴ ʜʨʫʛʠʭ ʤʝʭʘʥʠʟʤʦʚ ʨʝʛʫʣʷʮʠʠ 

ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʪʘʢʠʭ ʢʘʢ ʤʠʢʨʦʚʷʟʢʦʩʪʴ ʤʝʤʙʨʘʥʳ (Colell et al., 2003) ʠ 

ʫʨʦʚʝʥʴ ʥʝʦʨʛʘʥʠʯʝʩʢʦʛʦ ʬʦʩʬʘʪʘ (Rasola and Bernardi, 2011). ʊʝʤ ʥʝ ʤʝʥʝʝ ʚʩʝ ʵʪʠ ʵʬʬʝʢʪʳ, 

ʧʦ-ʚʠʜʠʤʦʤʫ, ʪʘʢʞʝ ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʩʥʠʞʝʥʠʶ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʢ ʦʪʢʨʳʪʠʶ 

ʄʈʊ-ʧʦʨʳ ʠ ʘʢʪʠʚʘʮʠʠ ʢʣʝʪʦʯʥʦʡ ʛʠʙʝʣʠ. ʄʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʦʙʥʘʨʫʞʝʥʥʳʡ ʵʬʬʝʢʪ 

ʜʝʬʣʘʟʘʢʦʨʪʘ ʤʦʞʝʪ ʣʝʞʘʪʴ ʠ ʚ ʦʩʥʦʚʝ ʝʛʦ ʧʦʙʦʯʥʦʛʦ ʜʝʡʩʪʚʠʷ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ 

ʜʣʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʨʝʧʘʨʘʪʘ ʧʨʠʚʦʜʠʪ ʢ ʘʪʨʦʬʠʠ ʤʳʮh (Quattrocelli et al., 2017). 

ɺʦʟʤʦʞʥʦ, ʯʪʦ ʵʪʦ ʪʘʢʞʝ ʦʙʫʩʣʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝʤ ʫʩʪʦʡʯʠʚʦʩʪʠ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ 

ʢ ʦʪʢʨʳʪʠʶ MPT-ʧʦʨr, ʩʧʦʩʦʙʩʪʚʫʶʱʠʤ ʛʠʙʝʣʠ ʤʳʝhʯʥʳʭ ʢʣʝʪʦʢ. 

3.2.4. ɺʣʠʷʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh mdx-ʤʳ ʝhʡ, ʘ ʪʘʢʞʝ ʥʘ 

ʤʳ ʝhʯʥʫʶ ʩʠʣʫ ʠ ʚʳʥʦʩʣʠʚʦʩʪʴ ʞʠʚʦʪʥʳʭ 

ɺ ʟʘʢʣʶʯʝʥʠʝ ʵʪʦʡ ʯʘʩʪʠ ʨʘʙʦʪʳ ʥʘʤʠ ʨʘʩʩʤʦʪʨʝʥʦ ʚʣʠʷʥʠʝ ʚʚʝʜʝʥʠʷ ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʘ 

ʩʦʩʪʦʷʥʠʝ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ ʠ ʤʳʝhʯʥʫʶ ʬʫʥʢʮʠʶ ʠʩʩʣʝʜʫʝʤʳʭ ʛʨʫʧʧ ʞʠʚʦʪʥʳʭ. ʀʟ ʨʠʩʫʥʢʘ 

40 ʚʠʜʥʦ, ʯʪʦ ʚʚʝʜʝʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ mdx-ʤʳʘhʤ ʩʦʧʨʦʚʦʞʜʘʝʪʩʷ ʜʦʩʪʦʚʝʨʥʳʤ ʩʥʠʞʝʥʠʝʤ 

ʢʦʣʠʯʝʩʪʚʘ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʷʜʨʘ (ʨʠʩʫʥʦʢ 40ɸ-ɼ).  
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ʈʠʩʫʥʦʢ 40 ï ɻʠʩʪʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʰʮʳ ʙʝʜʨʘ ʤʳʰʝʡ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣ ɹ

(A), ʢʦʥʪʨʦʣʴ+ɼʌʂ (ɹ), mdx (ɺ) ʠ mdx+ɼʌʂ (ɻ), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʤʳʰʝʯʥʳʝ ʚʦʣʦʢʥʘ, 

ʩʦʜʝʨʞʘʱʠʝ ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʷʜʨʘ. ʆʢʨʘʩʢʘ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ ʵʦʟʠʥʦʤ. ɹʘʨ ï 30 

ʤʢʤ. ɼ ï ʧʨʦʮʝʥʪ ʚʦʣʦʢʦʥ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʷʜʨʘ ʚ ʤʳʰʮʘʭ ʤʳʰʝʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=3) 

ʕʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʩʥʠʞʝʥʠʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʢʣʦʚ ʜʝʛʝʥʝʨʘʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ 

ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ ʚ ʪʢʘʥʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʪʦʛʦ 

ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘ.  

ʇʨʠʤʝʥʝʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʪʘʢʞʝ ʚʝʜʝʪ ʢ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʥʳʤ ʠʟʤʝʥʝʥʠʷʤ ʤʳʝhʯʥʦʡ 

ʪʢʘʥʠ. ʅʘ ʨʠʩʫʥʢʝ 41 ʧʨʝʜʩʪʘʚʣʝʥʳ ʤʠʢʨʦʬʦʪʦʛʨʘʬʠʠ ʧʨʦʜʦʣʴʥʳʭ ʩʨʝʟʦʚ ʤʳʝhʯʥʦʛʦ ʚʦʣʦʢʥʘ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʤʳʝhʡ.  



121 

 

 

ʈʠʩʫʥʦʢ 41 ï ʋʣʴʪʨʘʩʪʨʫʢʪʫʨʘ ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʮhʳ ʙʝʜʨʘ ʤʳhʝʡ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ (A, ɹ), 

ʢʦʥʪʨʦʣʴ+ɼʌʂ (ɺ, ɻ), mdx (ɼ, ɽ) ʠ mdx+ɼʌʂ (ɾ, ɿ). ʉʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʘ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʘ ̫

ʧʦʧʫʣʷʮʠ ̫ʤʠʪʦʭʦʥʜʨʠʡ. ɿʚʝʟʜʦʯʢʦʡ ʦʪʤʝʯʝʥʳ ʦʜʥʠ ʠ ʪʝ ʞʝ ʤʠʪʦʭʦʥʜʨʠʠ ʧʨʠ ʤʘʣʦʤ ʠ 

ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ. ɹʘʨ ï 1 ʤʢʤ 
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ʄʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʤʠʦʬʠʙʨʠʣʣʳ ʩʢʝʣʝʪʥʦʡ ʤʳʰʮʳ ʤʳʰʝʡ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʳ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʢʣʘʩʩʠʯʝʩʢʦʡ ʘʨʭʠʪʝʢʪʫʨʦʡ. ɺ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʦʡ ʦʙʣʘʩʪʠ, ʥʘʭʦʜʷʱʝʡʩʷ ʥʘ 

ʧʝʨʠʬʝʨʠʠ ʤʳʰʝʯʥʦʛʦ ʚʦʣʦʢʥʘ, ʤʠʪʦʭʦʥʜʨʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʥʝʙʦʣʴʰʠʤʠ ʩʢʦʧʣʝʥʠʷʤʠ. ʆʥʠ 

ʠʤʝʶʪ ʰʘʨʦʦʙʨʘʟʥʫʶ ʠʣʠ ʫʜʣʠʥʝʥʥʫʶ ʬʦʨʤʫ. ʅʘʨʫʰʝʥʠʷ ʚ ʨʘʩʧʦʣʦʞʝʥʠʠ ʢʨʠʩʪ ʠʣʠ 

ʧʦʚʨʝʞʜʝʥʠʷ ʚʥʝʰʥʝʡ ʠ ʚʥʫʪʨʝʥʥʝʡ ʤʝʤʙʨʘʥ ʥʝ ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ. ɺ ʛʨʫʧʧʝ ʤʳʰʝʡ 

ʢʦʥʪʨʦʣʴ+ɼʌʂ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʩʫʱʝʩʪʚʝʥʥʳʭ ʨʘʟʣʠʯʠʡ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʢʦʥʪʨʦʣʴʥʳʤʠ 

ʞʠʚʦʪʥʳʤʠ. ɺ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʥʘʭ ʩʢʝʣʝʪʥʳʭ ʤʳʰʮ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ 

ʦʙʥʘʨʫʞʠʚʘʶʪʩʷ ʤʦʟʘʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʜʝʩʪʨʫʢʪʠʚʥʳʝ ʠʟʤʝʥʝʥʠʷ ʤʠʦʬʠʙʨʠʣʣ, 

ʩʘʨʢʦʧʣʘʟʤʳ, ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʦʛʦ ʨʝʪʠʢʫʣʫʤʘ ʠ ʤʠʪʦʭʦʥʜʨʠʡ. ʅʘʙʣʶʜʘʣʦʩʴ ʨʘʩʰʠʨʝʥʠʝ 

ʧʨʦʤʝʞʫʪʢʦʚ ʩʘʨʢʦʧʣʘʟʤʳ ʤʝʞʜʫ ʤʠʦʬʠʙʨʠʣʣʘʤʠ. ʉʘʨʢʦʤʝʨʳ ʭʘʨʘʢʪʝʨʠʟʦʚʘʣʠʩʴ ʟʘʤʝʪʥʳʤ 

ʫʜʣʠʥʝʥʠʝʤ ʠ ʫʤʝʥʴʰʝʥʠʝʤ ʰʠʨʠʥʳ (ʨʠʩʫʥʦʢ 41ɸ ʠ ɹ). ɺ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʦʡ ʦʙʣʘʩʪʠ 

ʤʠʪʦʭʦʥʜʨʠʠ ʨʘʩʧʦʣʘʛʘʶʪʩʷ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʛʨʫʧʧʝ ʢʦʥʪʨʦʣʷ, ʥʝʙʦʣʴʰʠʤʠ ʩʢʦʧʣʝʥʠʷʤʠ. 

ʆʜʥʘʢʦ ʚ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʝ ʤʠʪʦʭʦʥʜʨʠʡ ʠʤʝʶʪʩʷ ʧʨʠʥʮʠʧʠʘʣʴʥʳʝ ʦʪʣʠʯʠʷ. ʇʨʝʦʙʣʘʜʘʶʪ 

ʤʠʪʦʭʦʥʜʨʠʠ ʰʘʨʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʟʥʘʯʠʪʝʣʴʥʦ ʥʘʙʫʭʰʠʝ, ʩ ʨʘʟʨʫʰʝʥʥʳʤʠ ʢʨʠʩʪʘʤʠ ʠ ʟʦʥʘʤʠ 

ʨʝʟʢʦʛʦ ʧʨʦʩʚʝʪʣʝʥʠʷ ʤʘʪʨʠʢʩʘ, ʯʘʩʪʦ ʚʦ ʚʥʝʰʥʝʡ ʤʝʤʙʨʘʥʝ ʥʝʢʦʪʦʨʳʭ ʠʟ ʥʠʭ ʥʘʙʣʶʜʘʣʠʩʴ 

ʪʨʝʱʠʥʳ ʠ ʨʘʟʨʳʚʳ. ɺ ʛʨʫʧʧʝ mdx+ɼʌʂ ʪʘʢ ʞʝ, ʢʘʢ ʠ ʚ ʛʨʫʧʧʝ mdx ʩʦʭʨʘʥʷʶʪʩʷ ʨʘʩʰʠʨʝʥʠʷ 

ʩʘʨʢʦʧʣʘʟʤʳ ʤʝʞʜʫ ʤʠʦʬʠʙʨʠʣʣʘʤʠ ʩ ʫʚʝʣʠʯʝʥʥʳʤ ʩʦʜʝʨʞʘʥʠʝʤ ʛʣʠʢʦʛʝʥʘ ʠ 

ʬʨʘʛʤʝʥʪʠʨʦʚʘʥʥʳʤ ʩʘʨʢʦʧʣʘʟʤʘʪʠʯʝʩʢʠʤ ʨʝʪʠʢʫʣʫʤʦʤ. ʆʜʥʘʢʦ ʵʪʘ ʛʨʫʧʧʘ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʛʨʫʧʧʳ mdx ʠ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʦʣʴʰʠʤʠ ʩʢʦʧʣʝʥʠʷʤʠ ʤʠʪʦʭʦʥʜʨʠʡ ʚ 

ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʦʡ ʦʙʣʘʩʪʠ (ʨʠʩʫʥʦʢ 42). ɺ ʛʨʫʧʧʝ mdx+ɼʌʂ ʧʨʝʦʙʣʘʜʘʶʪ ʤʠʪʦʭʦʥʜʨʠʠ 

ʰʘʨʦʚʠʜʥʦʡ ʬʦʨʤʳ, ʩ ʧʨʦʩʚʝʪʣʝʥʥʳʤ ʤʘʪʨʠʢʩʦʤ ʠ ʥʝʧʣʦʪʥʦʡ ʫʧʘʢʦʚʢʦʡ ʢʨʠʩʪ. ʈʝʜʢʦ 

ʚʩʪʨʝʯʘʶʪʩʷ ʤʠʪʦʭʦʥʜʨʠʠ ʩ ʣʦʢʘʣʴʥʳʤʠ ʨʘʟʨʫʰʝʥʠʷʤʠ ʢʨʠʩʪ. ʂʨʦʤʝ ʪʦʛʦ, ʦʪʤʝʯʘʝʪʩʷ 

ʥʦʨʤʘʣʠʟʘʮʠʷ ʨʘʟʤʝʨʘ ʩʘʨʢʦʤʝʨʦʚ (ʨʠʩʫʥʦʢ 42ɸ ʠ ɹ). 

 

ʈʠʩʫʥʦʢ 42 ï ɻʨʘʬʠʯʝʩʢʦʝ ʧʨʝʜʩʪʘʚʣʝʥʠʝ ʧʨʦʬʠʣʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ (ʨʠʩʫʥʦʢ 41): 

ʜʣʠʥʘ ʩʘʨʢʦʤʝʨʘ (A), ʰʠʨʠʥʘ ʩʘʨʢʦʤʝʨʘ (ɹ) ʠ ʢʦʣʠʯʝʩʪʚʦ ʤʠʪʦʭʦʥʜʨʠʡ ʥʘ ʧʣʘʩʪʠʥʢʫ (ɺ). 

ʂʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʳʭ ʧʦʣʝʡ ʟʨʝʥʠʷ ï ʦʪ 40 ʜʦ 50. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ 

ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ 
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ʅʘ ʨʠʩʫʥʢʝ 43 ʧʦʢʘʟʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʘ çʥʘ ʩʪʨʫʥʝè, ʢʦʪʦʨʳʝ 

ʫʢʘʟʳʚʘʶʪ ʥʘ ʩʫʱʝʩʪʚʝʥʥʦʝ ʩʥʠʞʝʥʠʝ ʤʳʝhʯʥʦʡ ʩʠʣʳ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʤʳʘhʤʠ ʜʠʢʦʛʦ ʪʠʧʘ. ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʜʣʷ mdx-ʤʳʝhʡ, 

ʧʦʣʫʯʘʚʰʠʭ ʜʝʬʣʘʟʘʢʦʨʪ, ʙʳʣʦ ʭʘʨʘʢʪʝʨʥʦ ʫʣʫʯʰʝʥʠʝ ʤʳʝhʯʥʦʡ ʬʫʥʢʮʠʠ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ 

ʢʦʥʪʨʦʣʴʥʳʤʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʤʠ ʤʳʘhʤʠ. ʕʪʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʜʘʥʥʳʤʠ ʜʨʫʛʠʭ ʛʨʫʧʧ, 

ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤʠ ʦ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʚʣʠʷʥʠʠ ʵʪʦʛʦ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘ ʥʘ ʬʫʥʢʮʠʦʥʘʣʴʥʦʝ 

ʩʦʩʪʦʷʥʠʝ ʤʳʮh ʧʨʠ ʄɼɼ (Archer et al., 2006; Quattrocelli et al., 2017). ʇʨʠ ʵʪʦʤ ʩʣʝʜʫʝʪ 

ʦʪʤʝʪʠʪʴ, ʯʪʦ ʵʪʦʪ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʘʛʝʥʪ ʥʝ ʚʣʠʷʣ ʥʘ ʚʳʥʦʩʣʠʚʦʩʪʴ ʤʳʝhʡ ʜʠʢʦʛʦ ʪʠʧʘ.  

 

ʈʠʩʫʥʦʢ 43 ï ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʘ çʥʘ ʩʪʨʫʥʝè, ʦʪʨʘʞʘʶʱʠʝ ʚʣʠʷʥʠʝ ɼʌʂ ʥʘ 

ʤʳʝhʯʥʫʶ ʩʠʣʫ ʠ ʚʳʥʦʩʣʠʚʦʩʪʴ ʞʠʚʦʪʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ 

ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=9) 

3.2.5. ɿʘʢʣʶʯʝʥʠʝ ʧʦ ʛʣʘʚʝ 3.2 

ʂʘʢ ʤʦʞʥʦ ʚʠʜʝʪʴ ʠʟ ʨʝʟʫʣʴʪʘʪʦʚ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʛʣʘʚʳ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʛʦ 

ʠʩʩʣʝʜʦʚʘʥʠʷ, ʩʠʤʧʪʦʤʘʪʠʯʝʩʢʘʷ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʘʷ ʪʝʨʘʧʠʷ, ʧʨʝʜʧʦʣʘʛʘʶʱʘʷ 

ʧʨʠʤʝʥʝʥʠʝ ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʜʝʬʣʘʟʘʢʦʨʪʘ, ʦʙʥʘʨʫʞʠʚʘʝʪ ʧʨʦʪʠʚʦʨʝʯʠʚʳʝ 

ʵʬʬʝʢʪʳ ʥʘ ʬʫʥʢʮʠʶ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳʮh ʧʨʠ ʄɼɼ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʩ ʦʜʥʦʡ 

ʩʪʦʨʦʥʳ, ʧʨʠʤʝʥʝʥʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʣʫʯʰʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ 

ʬʦʩʬʦʨʠʣʠʨʦʚʘʥʠʷ ʤʠʪʦʭʦʥʜʨʠʡ (ʪʘʙʣʠʮʘ 8) ʠ ʫʚʝʣʠʯʝʥʠʶ ʫʨʦʚʥʷ ɸʊʌ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ 

(ʨʠʩʫʥʦʢ 35). ɹʦʣʝʝ ʪʦʛʦ, ʵʪʦʪ ʘʛʝʥʪ ʫʚʝʣʠʯʠʚʘʝʪ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʪʨʘʥʩʧʦʨʪʘ ʉʘ2+ ʤʳʝhʯʥʳʤʠ 

ʤʠʪʦʭʦʥʜʨʠʷʤʠ (ʨʠʩʫʥʦʢ 36). ʆʜʥʘʢʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ, ʤʠʪʦʭʦʥʜʨʠʠ ʤʳʝhʡ, ʧʦʣʫʯʘʚʰʠʭ 

ʜʝʬʣʘʟʘʢʦʨʪ, ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʜʘʣʴʥʝʡʰʝʝ ʩʥʠʞʝʥʠʝ ʫʩʪʦʡʯʠʚʦʩʪʠ ʢ ʠʥʜʫʢʮʠʠ MPT-ʧʦʨr 

(ʨʠʩʫʥʦʢ 38), ʪʦ ʝʩʪʴ ʩʧʦʩʦʙʥʦʩʪʴ ʦʨʛʘʥʝʣʣ ʘʢʢʫʤʫʣʠʨʦʚʘʪʴ ʢʘʣʴʮʠʡ ʚ ʤʘʪʨʠʢʩʝ ʫʛʥʝʪʘʝʪʩʷ ʚ 

ʨʝʟʫʣʴʪʘʪʝ ʪʘʢʦʡ ʪʝʨʘʧʠʠ. ʅʝʠʟʚʝʩʪʥʦ, ʢʘʢʦʝ ʚʣʠʷʥʠʝ ʦʢʘʞʝʪ ʜʣʠʪʝʣʴʥʦʝ ʧʨʠʤʝʥʝʥʠʝ 

ʜʝʬʣʘʟʘʢʦʨʪʘ ʥʘ ʨʘʟʚʠʪʠʝ ʄɼɼ ʠ ʭʘʨʘʢʪʝʨʥʫʶ ʜʣʷ ʧʘʪʦʣʦʛʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʫʶ ʜʠʩʬʫʥʢʮʠʶ. 

ʊʝʤ ʥʝ ʤʝʥʝʝ ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʚ ʫʩʣʦʚʠʷʭ ʥʘʩʪʦʷʱʝʛʦ ʵʢʩʧʝʨʠʤʝʥʪʘ ʧʨʠʤʝʥʝʥʠʝ 

ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʘ ʧʨʠʚʦʜʠʪ ʢ ʫʣʫʯʰʝʥʠʶ ʩʦʩʪʦʷʥʠʷ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ, ʦ ʯʝʤ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
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ʩʥʠʞʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʮʠʢʣʦʚ ʜʝʛʝʥʝʨʘʮʠʠ/ʨʝʛʝʥʝʨʘʮʠʠ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ (ʨʠʩʫʥʦʢ 40), 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʨʘʟʤʝʨʘ ʩʘʨʢʦʤʝʨʦʚ (ʨʠʩʫʥʦʢ 42) ʠ, ʥʘʢʦʥʝʮ, ʫʣʫʯʰʝʥʠʝ ʧʦʢʘʟʘʪʝʣʝʡ 

ʤʳʝhʯʥʦʡ ʩʠʣʳ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʞʠʚʦʪʥʳʭ (ʨʠʩʫʥʦʢ 43). 

ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʝʭʘʥʠʟʤʳ ʜʝʡʩʪʚʠʷ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʚ ʷʚʣʷʶʪʩʷ ʧʨʝʜʤʝʪʦʤ ʦʙʩʫʞʜʝʥʠʷ. 

ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʜʝʬʣʘʟʘʢʦʨʪʘ ʤʦʞʝʪ ʙʳʪʴ ʦʧʦʩʨʝʜʦʚʘʥʦ ʘʢʪʠʚʘʮʠʝʡ 

ʛʣʶʢʦʢʦʨʪʠʢʦʠʜʥʳʭ ʨʝʮʝʧʪʦʨʦʚ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ ʠʥʛʠʙʠʨʦʚʘʥʠʶ ʧʨʦʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ ʧʫʪʠ 

NFəB, ʠʥʠʮʠʠʨʫʝʤʦʛʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʥʘʨʫʰʝʥʠʷ ʧʨʦʮʝʩʩʘ ʤʳʝhʯʥʦʛʦ ʩʦʢʨʘʱʝʥʠʷ (Guiraud and 

Davies, 2017). ʍʨʦʥʠʯʝʩʢʘʷ ʘʢʪʠʚʘʮʠʷ NFəB ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʘʢʪʦʨʦʤ ʤʳʝhʯʥʦʡ 

ʜʝʛʝʥʝʨʘʮʠʠ ʠ ʧʦʜʘʚʣʝʥʠʷ ʤʳʝhʯʥʦʡ ʨʝʛʝʥʝʨʘʮʠʠ ʧʨʠ ʄɼɼ (Peterson et al., 2011; Rosenberg et 

al., 2015), ʯʪʦ ʥʘʙʣʶʜʘʝʪʩʷ ʥʘ ʨʘʥʥʠʭ ʩʪʘʜʠʷʭ ʟʘʙʦʣʝʚʘʥʠʷ ʠ ʧʨʝʜʰʝʩʪʚʫʝʪ ʧʦʪʝʨʝ ʤʳʝhʯʥʦʡ 

ʬʫʥʢʮʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ NFəB ʩʧʦʩʦʙʝʥ ʤʦʜʫʣʠʨʦʚʘʪʴ ʪʨʘʥʩʢʨʠʧʮʠʶ ʷʜʝʨʥʳʭ ʛʝʥʦʚ, 

ʢʦʜʠʨʫʶʱʠʭ ʢʘʣʴʮʠʡ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʠʝ ʩʠʩʪʝʤʳ ʚ ʤʳʝhʯʥʳʭ ʢʣʝʪʢʘʭ, ʠ ʠʥʛʠʙʠʨʦʚʘʥʠʝ 

NF-əB ʫʣʫʯʰʘʝʪ ʩʦʩʪʦʷʥʠʝ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ ʧʨʠ ʄɼɼ (Peterson et al., 2018). ʂʨʦʤʝ ʪʦʛʦ, 

ʩʣʝʜʫʝʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʩʫʙʲʝʜʠʥʠʮʳ NFəB ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʚ ʤʠʪʦʭʦʥʜʨʠʷʭ (Cogswell et al., 

2003; Guseva et al., 2004). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʳʡ NFəB ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 

ʜʠʥʘʤʠʢʝ ʦʨʛʘʥʝʣʣ (Nan et al., 2017), ʠʥʜʫʢʮʠʠ ʘʧʦʧʪʦʟʘ (Liu et al., 2004), ʘ ʪʘʢʞʝ ʨʝʛʫʣʠʨʫʝʪ 

ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʤʪɼʅʂ, ʢʦʜʠʨʫʶʱʠʭ ʙʝʣʢʠ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ (Cogswell et al., 2003; Psarra 

and Sekeris, 2008). ʂʨʦʤʝ ʪʦʛʦ, ʙʦʣʴʰʠʥʩʪʚʦ ʩʫʙʲʝʜʠʥʠʮ, ʬʦʨʤʠʨʫʶʱʠʭ ʢʦʤʧʣʝʢʩʳ 

ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʢʦʜʠʨʫʶʪʩʷ ʷʜʝʨʥʦʡ ɼʅʂ ʠ ʤʦʛʫʪ ʧʦʜʚʝʨʛʘʪʴʩʷ ʚʣʠʷʥʠʶ NFkB (Calvo et al., 

2016). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʨʝʛʫʣʷʮʠʷ ʘʢʪʠʚʥʦʩʪʠ NFəB ʠ ʜʨʫʛʠʭ ʩʠʛʥʘʣʴʥʳʭ ʧʫʪʝʡ, ʚ ʪʦʤ ʯʠʩʣʝ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʩʚʷʟʘʥʥʳʭ ʩ ʤʠʪʦʭʦʥʜʨʠʷʤʠ, ʤʦʞʝʪ ʠʛʨʘʪʴ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʤʦʜʫʣʠʨʫʶʱʝʤ 

ʜʝʡʩʪʚʠʠ ʜʝʬʣʘʟʘʢʦʨʪʘ ʠ ʜʨʫʛʠʭ ʢʦʨʪʠʢʦʩʪʝʨʦʠʜʦʚ ʧʨʠ ʄɼɼ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʣʫʯʰʝʥʠʶ 

ʩʦʩʪʦʷʥʠʷ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ ʠ ʚʳʥʦʩʣʠʚʦʩʪʠ ʞʠʚʦʪʥʳʭ.  

3.3. ɺʣʠʷʥʠʝ ʤʝʪʘʙʦʣʠʯʝʩʢʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʫʨʠʜʠʥʘ ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʦʡ 

ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʩʝʨʜʮʘ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʤʠʪʦʭʦʥʜʨʠʡ ʵʪʠʭ ʦʨʛʘʥʦʚ ʧʨʠ ʜʠʩʪʨʦʬʠʠ 

ɼʁ ʰʝʥʥʘ 

ʆʜʥʠʤ ʠʟ ʧʦʜʭʦʜʦʚ, ʠʩʧʦʣʴʟʫʝʤʳʭ ʜʣʷ ʚʪʦʨʠʯʥʦʡ ʪʝʨʘʧʠʠ ʄɼɼ, ʷʚʣʷʝʪʩʷ ʧʨʠʤʝʥʝʥʠʝ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʩʫʙʩʪʨʘʪʦʚ ʠ ʤʦʜʫʣʷʪʦʨʦʚ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ, ʢʦʪʦʨʳʝ ʫʣʫʯʰʘʶʪ 

ʦʙʝʩʧʝʯʝʥʠʝ ʢʣʝʪʢʠ ʵʥʝʨʛʠʝʡ ɸʊʌ, ʘ ʪʘʢʞʝ ʷʚʣʷʶʪʩʷ ʧʨʝʜʰʝʩʪʚʝʥʥʠʢʘʤʠ ʢʦʤʧʦʥʝʥʪʦʚ 

ʢʣʝʪʦʯʥʳʭ ʩʪʨʫʢʪʫʨ (Angelini et al., 2022).  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʧʠʨʠʤʠʜʠʥʦʚʦʛʦ ʥʫʢʣʝʦʟʠʜʘ ʫʨʠʜʠʥʘ, 

ʠʛʨʘʶʱʝʛʦ ʚʘʞʥʫʶ ʨʦʣʴ ʚʦ ʤʥʦʛʠʭ ʧʨʦʮʝʩʩʘʭ ʚ ʦʨʛʘʥʠʟʤʝ ʤʣʝʢʦʧʠʪʘʶʱʠʭ (Zhang et al., 2020). 

ʋʨʠʜʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʩʪʨʦʠʪʝʣʴʥʦʛʦ ʙʣʦʢʘ ʜʣʷ ʙʠʦʩʠʥʪʝʟʘ ʈʅʂ, ʘʢʢʫʤʫʣʷʮʠʠ 

ʛʣʠʢʦʛʝʥʘ ʠ ʫʯʘʩʪʚʫʝʪ ʚ ʧʨʦʮʝʩʩʘʭ ʜʝʪʦʢʩʠʢʘʮʠʠ ʢʩʝʥʦʙʠʦʪʠʢʦʚ, ʘ ʪʘʢʞʝ ʢʣʝʪʦʯʥʦʡ 
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ʩʠʛʥʘʣʠʟʘʮʠʠ. ʄʝʪʘʙʦʣʠʟʤ ʫʨʠʜʠʥʘ ʩʚʷʟʘʥ ʩ ʛʦʤʝʦʩʪʘʟʦʤ ʛʣʶʢʦʟʳ ʠ ʦʙʤʝʥʦʤ ʣʠʧʠʜʦʚ ʠ 

ʘʤʠʥʦʢʠʩʣʦʪ (Connolly et al., 1999; Yamamoto et al., 2011; Le et al., 2013; Zhang et al., 2020). 

ʊʘʢʞʝ ʚʳʷʚʣʝʥʦ ʚʣʠʷʥʠʝ ʫʨʠʜʠʥʘ ʥʘ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ ʜʳʭʘʪʝʣʴʥʦʡ ʮʝʧʠ ʤʠʪʦʭʦʥʜʨʠʡ (Le et 

al., 2013), ʧʦʵʪʦʤʫ ʤʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʠʟʤʝʥʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʫʨʠʜʠʥʘ ʚ ʢʨʦʚʠ ʠ ʪʢʘʥʷʭ 

ʦʨʛʘʥʠʟʤʘ ʯʝʣʦʚʝʢʘ ʠ ʞʠʚʦʪʥʳʭ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʨʝʟʢʠʤ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʠʩʪʝʤʥʦʤ 

ʵʥʝʨʛʝʪʠʯʝʩʢʦʤ ʛʦʤʝʦʩʪʘʟʝ. 

ʀʤʝʶʪʩʷ ʬʨʘʛʤʝʥʪʘʨʥʳʝ ʜʘʥʥʳʝ ʦ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ ʫʨʠʜʠʥʘ ʚ ʪʝʨʘʧʠʠ ʄɼɼ. ɺ 

ʯʘʩʪʥʦʩʪʠ, ʩʦʦʙʱʘʣʦʩʴ ʦʙ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʢʦʢʪʝʡʣʷ ʥʫʢʣʝʦʟʠʜʦʚ ʠ ʥʫʢʣʝʦʪʠʜʦʚ, ʩʦʜʝʨʞʘʱʠʭ 

ʘʜʝʥʦʟʠʥ, ɸMʌ, ɸɼʌ, ɸʊʌ, ʛʫʘʥʦʟʠʥ, ʛʫʘʥʦʟʠʥʤʦʥʦʬʦʩʬʘʪ, ʫʨʠʜʠʥ, ʫʨʠʜʠʥʤʦʥʦʬʦʩʬʘʪ ʠ 

ʮʠʪʠʜʠʥʤʦʥʦʬʦʩʬʘʪ, ʧʨʠ ʣʝʯʝʥʠʠ ʤʘʣʴʯʠʢʦʚ ʩ ʄɼɼ, ʯʪʦ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʥʝʢʦʪʦʨʤr 

ʫʣʫʯʰʝʥʠʝʤ ʬʝʨʤʝʥʪʘʪʠʚʥʳʭ ʧʦʢʘʟʘʪʝʣʝʡ, ʘ ʪʘʢʞʝ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʘʢʪʠʚʥʦʩʪʠ ʤʳʮh 

(Thomson et al., 1963). ʀʟʚʝʩʪʥʦ ʦ ʧʦʣʦʞʠʪʝʣʴʥʳʭ ʵʬʬʝʢʪʘʭ ʵʪʦʛʦ ʥʫʢʣʝʦʟʠʜʘ ʥʘ ʩʦʩʪʦʷʥʠʝ 

ʤʠʦʢʘʨʜʘ ʢʨʳʩ ʚ ʤʦʜʝʣʠ ʦʩʪʨʦʡ ʠʰʝʤʠʠ ʠ ʠʰʝʤʠʠ/ʨʝʧʝʨʬʫʟʠʠ. ʂʨʦʤʝ ʪʦʛʦ, ʥʝʜʘʚʥʦ ʥʘʤʠ 

ʚʳʷʚʣʝʥʦ ʫʣʫʯʰʝʥʠʝ ʬʫʥʢʮʠʠ ʠ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʳ ʤʠʪʦʭʦʥʜʨʠʡ ʠ ʩʦʩʪʦʷʥʠʷ ʩʝʨʜʝʯʥʦʡ ʤʳʮhʳ 

ʫ ʜʠʘʙʝʪʠʯʝʩʢʠʭ ʤʳʝhʡ ʣʠʥʠʠ C57BL/6, ʧʦʣʫʯʘʚʰʠʭ ʚʥʫʪʨʠʙʨʶʰʠʥʥʳʝ ʠʥʲʝʢʮʠʠ ʫʨʠʜʠʥʘ 

(Belosludtseva et al., 2022). ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʵʬʬʝʢʪʳ ʵʪʦʛʦ ʥʫʢʣʝʦʟʠʜʘ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ 

ʩʦ ʩʤʷʛʯʝʥʠʝʤ ʦʢʠʩʣʠʪʝʣʴʥʦʛʦ ʩʪʨʝʩʩʘ ʟʘ ʩʯʝʪ ʘʢʪʠʚʘʮʠʠ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ɸʊʌ-ʟʘʚʠʩʠʤʦʛʦ 

ʂ+-ʢʘʥʘʣʘ (ɹʫʣʴʦʥ ʠ ʜʨ., 2014; Krylova et al., 2006, 2021; Belosludtseva et al., 2022). 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʚʥʫʪʨʠʙʨʶʰʠʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʫʨʠʜʠʥʘ (30 ʤʛ/ʢʛ 

ʤʘʩʩʳ ʞʠʚʦʪʥʦʛʦ ʚ ʪʝʯʝʥʠʝ 4 ʥʝʜʝʣʴ, ʨʠʩʫʥʦʢ 44) ʥʘ ʨʘʟʚʠʪʠʝ ʜʝʩʪʨʫʢʪʠʚʥʳʭ ʧʨʦʮʝʩʩʦʚ ʚ 

ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ ʠ ʩʝʨʜʮʝ ʤʦʜʝʣʴʥʳʭ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʝhʡ, ʘ ʪʘʢʞʝ ʩʦʩʪʦʷʥʠʝ 

ʪʢʘʥʝʡ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ.  

 

ʈʠʩʫʥʦʢ 44 ï ʇʨʦʪʦʢʦʣ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʥ̫ʠʷ ʫʨʠʜʠʥʘ ʥʘ ʨʘʟʚʠʪʠʝ ʄɼɼ 

ʉ ʫʯʝʪʦʤ ʠʟʚʝʩʪʥʦʡ ʨʦʣʠ ʫʨʠʜʠʥʘ ʚ ʨʝʛʫʣʷʮʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʛʦʤʝʦʩʪʘʟʘ ʪʘʢʞʝ 

ʦʮʝʥʝʥʦ ʚʣʠʷʥʠʝ ʵʪʦʛʦ ʤʦʜʫʣʷʪʦʨʘ ʥʘ ʬʫʥʢʮʠʶ ʤʠʪʦʭʦʥʜʨʠʡ, ʜʝʤʦʥʩʪʨʠʨʫʶʱʫʶ 
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ʩʫʱʝʩʪʚʝʥʥʳʝ ʠʟʤʝʥʝʥʠʷ ʧʨʠ ʄɼɼ, ʘ ʪʘʢʞʝ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʫ ʦʨʛʘʥʝʣʣ ʠ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʝ 

ʩʠʩʪʝʤʳ ʤʠʪʦʭʦʥʜʨʠʘʣʴʥʦʛʦ ʢʦʥʪʨʦʣʷ ʢʘʯʝʩʪʚʘ. ʋʢʘʟʘʥʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʠ ʨʝʞʠʤ ʚʚʝʜʝʥʠʷ 

ʙʳʣʠ ʚʳʙʨʘʥʳ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʚʳʩʦʢʠʝ ʭʨʦʥʠʯʝʩʢʠʝ ʜʦʟʳ ʫʨʠʜʠʥʘ, ʢʘʢ ʠʟʚʝʩʪʥʦ, ʠʥʜʫʮʠʨʫʶʪ 

ʨʘʟʚʠʪʠʝ ʠʥʩʫʣʠʥʦʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʠ ʦʞʠʨʝʥʠʷ, ʯʪʦ ʥʝʛʘʪʠʚʥʦ ʩʢʘʟʳʚʘʝʪʩʷ ʥʘ ʩʦʩʪʦʷʥʠʠ 

ʞʠʚʦʪʥʳʭ (Urasaki et al., 2016). ɺ ʵʪʦʤ ʩʣʫʯʘʝ ʩʪʦʠʪ ʦʪʤʝʪʠʪʴ, ʯʪʦ ʦʞʠʨʝʥʠʝ ʪʘʢʞʝ ʫʩʢʦʨʷʝʪ 

ʧʨʦʛʨʝʩʩʠʨʦʚʘʥʠʝ ʄɼɼ ʠ ʵʪʦ ʪʨʝʙʫʝʪ ʧʨʠʤʝʥʝʥʠʷ ʥʠʟʢʦʢʘʣʦʨʠʡʥʳʭ ʜʠʝʪ (Salera et al., 2017). 

ʂʨʦʤʝ ʪʦʛʦ, ʵʪʘ ʜʦʟʘ ʫʨʠʜʠʥʘ ʭʦʨʦʰʦ ʧʨʦʷʚʠʣʘ ʩʝʙʷ ʥʘ ʤʦʜʝʣʴʥʳʭ ʧʘʪʦʣʦʛʠʷʭ ʩʝʨʜʝʯʥʦʡ 

ʤʳʰʮʳ ʧʨʠ ʠʰʝʤʠʠ/ʨʝʧʝʨʬʫʟʠʠ (Krylova et al., 2021) ʠ ʩʘʭʘʨʥʦʤ ʜʠʘʙʝʪʝ 2 ʪʠʧʘ (Belosludtseva 

et al., 2022). 

3.3.1. ɺʣʠʷʥʠʝ ʫʨʠʜʠʥʘ ʥʘ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʳ ʠ ʜʠʩʬʫʥʢʮʠʶ 

ʤʠʪʦʭʦʥʜʨʠʡ ʧʨʠ ʜʠʩʪʨʦʬʠʠ ɼʶʰʝʥʥʘ 

3.3.1.1. ɺʣʠʷʥʠʝ ʫʨʠʜʠʥʘ ʥʘ ʩʦʤʘʪʠʯʝʩʢʠʝ ʠ ʙʠʦʭʠʤʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʳ ʝhʡ 

ʠ ʩʦʩʪʦʷʥʠʝ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh 

ʂʘʢ ʧʦʢʘʟʘʥʦ ʚ ʛʣʘʚʝ 3.1.1.1, ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʝ ʤʳʠh ʠʤʝʶʪ ʩʣʝʜʫʶʱʠʝ 

ʦʪʣʠʯʠʪʝʣʴʥʳʝ ʯʝʨʪʳ, ʦʪʨʘʞʘʶʱʠʝ ʨʘʟʚʠʪʠʝ ʧʘʪʦʣʦʛʠʠ ʄɼɼ: ʩʥʠʞʝʥʠʝ ʤʳʝhʯʥʦʡ ʩʠʣʳ ʠ 

ʚʳʥʦʩʣʠʚʦʩʪʠ; ʚʳʩʦʢʠʡ ʫʨʦʚʝʥʴ ʬʝʨʤʝʥʪʦʚ ï ʤʘʨʢʝʨʦʚ ʧʦʚʨʝʞʜʝʥʠʷ ʤʝʤʙʨʘʥ ʤʳʰʝʯʥʳʭ 

ʢʣʝʪʦʢ, ʘ ʪʘʢʞʝ ʠʥʪʝʥʩʠʚʥʦʝ ʨʘʟʚʠʪʠʝ ʤʳʝhʯʥʦʡ ʜʝʛʝʥʝʨʘʮʠʠ ʠ ʬʠʙʨʦʟ, ʩʦʧʨʦʚʦʞʜʘʶʱʠʝʩʷ, ʚ 

ʪʦʤ ʯʠʩʣʝ ʧʩʝʚʜʦʛʠʧʝʨʪʨʦʬʠʝʡ, ʚʝʜʫʱʝʡ ʢ ʫʩʢʦʨʝʥʥʦʤʫ ʥʘʙʦʨʫ ʤʘʩʩʳ ʪʝʣʘ ʞʠʚʦʪʥʳʤʠ. ɺʩʝ ʵʪʦ 

ʥʘʙʣʶʜʘʣʦʩʴ ʠ ʚ ʭʦʜʝ ʨʝʘʣʠʟʘʮʠʠ ʥʘʩʪʦʷʱʝʡ ʟʘʜʘʯʠ, ʧʦʩʪʘʚʣʝʥʥʦʡ ʚ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʤ 

ʠʩʩʣʝʜʦʚʘʥʠʠ. ɼʝʡʩʪʚʠʪʝʣʴʥʦ, ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʝ ʤʳʠh ʜʝʤʦʥʩʪʨʠʨʦʚʘʣʠ ʩʥʠʞʝʥʠʝ 

ʩʧʦʩʦʙʥʦʩʪʠ ʫʜʝʨʞʠʚʘʪʴʩʷ ʥʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʡ ʧʝʨʝʢʣʘʜʠʥʝ ʚ ʪʝʩʪʝ çʥʘ ʩʪʨʫʥʝè (ʨʠʩʫʥʦʢ 45).  

 

ʈʠʩʫʥʦʢ 45 ï ʈʝʟʫʣʴʪʘʪʳ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʪʝʩʪʘ çʥʘ ʩʪʨʫʥʝè, ʦʪʨʘʞʘʶʱʠʝ ʚʣʠʷʥʠʝ ʫʨʠʜʠʥʘ ʥʘ 

ʤʳʰʝʯʥʫʶ ʩʠʣʫ ʠ ʚʳʥʦʩʣʠʚʦʩʪʴ ʞʠʚʦʪʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ 

ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=10) 
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ʅʘʤʠ ʪʘʢʞʝ ʦʪʤʝʯʝʥʦ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʫʨʦʚʥ ̫ ʜʠʘʛʥʦʩʪʠʯʝʩʢʠʭ ʬʝʨʤʝʥʪʦʚ, 

ʦʪʨʘʞʘʶʱʠʭ ʥʘʨʫʰʝʥʠʝ ʮʝʣʦʩʪʥʦʩʪʠ ʤʝʤʙʨʘʥ ʤʳʰʝʯʥʳʭ ʚʦʣʦʢʦʥ ʠ ʨʘʟʚʠʪʠʝ ʚʦʩʧʘʣʠʪʝʣʴʥʦʛʦ 

ʧʨʦʮʝʩʩʘ (ʢʨʝʘʪʠʥʢʠʥʘʟʳ, ɸʉʊ ʠ ʃɼɻ) ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ 

(ʪʘʙʣʠʮʘ 9).  

ʊʘʙʣʠʮʘ 9 ï ʋʨʦʚʝʥʴ ʘʢʪʠʚʥʦʩʪʠ ʢʨʝʘʪʠʥʢʠʥʘʟʳ, ʃɼɻ ʠ ɸʉʊ ʚ ʩʳʚʦʨʦʪʢʝ ʢʨʦʚʠ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʛʨʫʧʧ ʤʳʰʝʡ 

ɾʠʚʦʪʥʳʝ (n=10) ʂʨʝʘʪʠʥʢʠʥʘʟʘ ʃɼɻ ɸʉʊ 

ɽʜ/ʣ 

ʢʦʥʪʨʦʣʴ 339,5Ñ57,6 325,9Ñ25,4 26,7Ñ3,0 

ʢʦʥʪʨʦʣʴ+ʫʨʠʜʠʥ 449,3Ñ59,4 372,7Ñ32,5 28,7Ñ5,1 

mdx  854,3Ñ69,2** 1027,6Ñ103,7**  97,2Ñ9,6**  

mdx+ʫʨʠʜʠʥ 823,6Ñ101,8*  1116,9Ñ145,4**  120,7Ñ12,6**  

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ; n ð ʢʦʣʠʯʝʩʪʚʦ ʞʠʚʦʪʥʳʭ ʚ 

ʛʨʫʧʧʝ. *p < 0,01 ʧʨʦʪʠʚ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ; ** p < 0,001 ʧʨʦʪʠʚ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣ ̫

ʕʪʦ ʪʘʢʞʝ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ ʩʫʱʝʩʪʚʝʥʥʳʤ ʫʚʝʣʠʯʝʥʠʝʤ ʢʦʣʠʯʝʩʪʚʘ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ, 

ʩʦʜʝʨʞʘʱʠʭ ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʷʜʨʘ (ʨʠʩʫʥʦʢ 46ɸ-ɻ, ʀ), ʷʚʣʷʶʱʠʭʩʷ ʦʪʣʠʯʠʪʝʣʴʥʦʡ 

ʯʝʨʪʦʡ ʠʥʪʝʥʩʠʚʥʳʭ ʮʠʢʣʦʚ ʜʝʛʝʥʝʨʘʮʠʠ ʠ ʨʝʛʝʥʝʨʘʮʠʠ ʤʳʮh, ʘ ʪʘʢʞʝ ʫʚʝʣʠʯʝʥʠʝʤ ʧʣʦʱʘʜʠ 

ʬʠʙʨʦʟʘ, ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʱʠʤ ʦ ʟʘʤʝʱʝʥʠʠ ʬʫʥʢʮʠʦʥʘʣʴʥʦʡ ʤʳʝhʯʥʦʡ ʪʢʘʥʠ ʵʣʝʤʝʥʪʘʤʠ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ (ʨʠʩʫʥʦʢ 46ɼ-ɿ, ʂ). ɺʩʣʝʜʩʪʚʠʝ ʚʳʩʦʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʵʪʠʭ ʧʨʦʮʝʩʩʦʚ 

ʜʠʩʪʨʦʬʠʥ-ʜʝʬʠʮʠʪʥʳʝ ʤʳʠh ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʧʩʝʚʜʦʛʠʧʝʨʪʨʦʬʠʝʡ ʠ ʫʩʢʦʨʝʥʥʳʤ ʥʘʙʦʨʦʤ 

ʤʘʩʩʳ ʪʝʣʘ (ʨʠʩʫʥʦʢ 46ʃ). 

ɺʚʝʜʝʥʠʝ ʫʨʠʜʠʥʘ ʥʝ ʦʢʘʟʘʣʦ ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ ʥʘ ʙʦʣʴʰʠʥʩʪʚʦ ʫʢʘʟʘʥʥʳʭ 

ʧʘʨʘʤʝʪʨʦʚ ʢʘʢ ʫ mdx-ʤʳʰʝʡ, ʪʘʢ ʠ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ. ʄʳʰʝʯʥʘʷ ʩʠʣʘ ʞʠʚʦʪʥʳʭ 

(ʨʠʩʫʥʦʢ 45), ʫʨʦʚʝʥʴ ʤʘʨʢʝʨʦʚ ʚʦʩʧʘʣʝʥʠʷ (ʪʘʙʣʠʮʘ 9) ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʮʠʢʣʦʚ 

ʜʝʛʝʥʝʨʘʮʠʠ/ʨʝʛʝʥʝʨʘʮʠʠ ʚ ʦʨʛʘʥʠʟʤʝ ʤʳʰʝʡ (ʨʠʩʫʥʦʢ 46ɸ-ɻ, ʀ) ʥʝ ʠʟʤʝʥʠʣʠʩʴ. ʅʘʤʠ 

ʦʪʤʝʯʝʥʦ ʣʠʰʴ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝʥʠʝ ʧʣʦʱʘʜʠ ʬʠʙʨʦʟʘ ʚ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ ʜʠʩʪʨʦʬʠʥ-

ʜʝʬʠʮʠʪʥʳʭ ʤʳʰʝʡ (ʨʠʩʫʥʦʢ 46ɼ-ɿ, ʂ). ʂʨʦʤʝ ʪʦʛʦ, ʚʝʜʝʥʠʝ ʫʨʠʜʠʥʘ ʥʝ ʪʦʣʴʢʦ ʥʝ ʧʦʜʘʚʠʣʦ 

ʨʘʟʚʠʪʠʝ ʧʩʝʚʜʦʛʠʧʝʪʨʦʬʠʠ, ʥʦ ʠ ʧʨʠʚʝʣʦ ʢ ʥʝʢʦʪʦʨʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʜʠʥʘʤʠʢʠ ʥʘʙʦʨʘ ʤʘʩʩʳ 

ʤʳʰʝʡ, ʯʪʦ ʦʩʦʙʝʥʥʦ ʟʘʤʝʪʥʦ ʚ ʩʣʫʯʘʝ ʢʦʥʪʨʦʣʴʥʳʭ ʞʠʚʦʪʥʳʭ ʜʠʢʦʛʦ ʪʠʧʘ (ʨʠʩʫʥʦʢ 46ʃ). 

ʄʦʞʥʦ ʧʦʣʘʛʘʪʴ, ʯʪʦ ʪʘʢʦʡ ʵʬʬʝʢʪ ʫʨʠʜʠʥʘ ʩʚʷʟʘʥ ʩ ʝʛʦ ʠʟʚʝʩʪʥʦʡ ʩʧʦʩʦʙʥʦʩʪʴʶ ʫʚʝʣʠʯʠʚʘʪʴ 

ʩʠʥʪʝʟ ʛʣʠʢʦʛʝʥʘ ʚ ʤʳʰʮʘʭ, ʘ ʪʘʢʞʝ ʠʥʛʠʙʠʨʦʚʘʪʴ ʣʠʧʦʣʠʟ ʚ ʞʠʨʦʚʦʡ ʪʢʘʥʠ (Kypson and Hait, 

1976; Urasaki et al., 2014). 
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ʈʠʩʫʥʦʢ 46 ï ɻʠʩʪʦʣʦʛʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʰʮʳ ʙʝʜʨʘ ʤʳʰʝʡ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣ ɹ

(A, ɼ), ʢʦʥʪʨʦʣʴ+ʫʨʠʜʠʥ (ɹ, ɽ), mdx (ɺ, ɾ) ʠ mdx+ʫʨʠʜʠʥ (ɻ, ɿ), ʜʝʤʦʥʩʪʨʠʨʫʶʱʘʷ ʤʳʰʝʯʥʳʝ 

ʚʦʣʦʢʥʘ, ʩʦʜʝʨʞʘʱʠʝ ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʷʜʨʘ (A-ɻ, ʦʢʨʘʩʢʘ ʛʝʤʘʪʦʢʩʠʣʠʥʦʤ ʠ 

ʵʦʟʠʥʦʤ) ʠ ʦʙʣʘʩʪʠ ʬʠʙʨʦʟʘ (ɼ-ɿ, ʦʙʚʝʜʝʥʳ ʯʝʨʥʦʡ ʣʠʥʠʝʡ, ʦʢʨʘʩʢʘ ʧʦ ɺʘʥ-ɻʠʟʦʥʫ). ɹʘʨ ï

30 ʤʢʤ (ɸ-ɻ) ʠ 50 ʤʢʤ (ɼ-ɿ). ʀ ï ʧʨʦʮʝʥʪ ʚʦʣʦʢʦʥ, ʩʦʜʝʨʞʘʱʠʭ ʮʝʥʪʨʘʣʴʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʝ 

ʷʜʨʘ ʚ ʤʳʰʮʘʭ ʤʳʰʝʡ. ʂ ï ʧʣʦʱʘʜʴ ʠʥʪʝʨʩʪʠʮʠʘʣʴʥʦʛʦ ʬʠʙʨʦʟʘ ʚ ʤʳʰʮʘʭ ʞʠʚʦʪʥʳʭ. 

ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=5). ʃ ï ʜʠʥʘʤʠʢʘ ʥʘʙʦʨʘ 

ʤʘʩʩʳ ʪʝʣʘ ʤʳʝhʡ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʩʨʝʜʥʠʝ ʟʥʘʯʝʥʠʷ Ñ ʩʪʘʥʜʘʨʪʥʘʷ ʦʰʠʙʢʘ ʩʨʝʜʥʝʛʦ (n=10) 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʦʞʥʦ ʚʠʜʝʪʴ, ʯʪʦ ʫʨʠʜʠʥ ʣʠʰʴ ʯʘʩʪʠʯʥʦ ʦʙʣʝʛʯʘʝʪ ʤʳʝhʯʥʫʶ 

ʧʘʪʦʣʦʛʠʶ, ʫʤʝʥʴʰʘʷ ʧʣʦʱʘʜʴ ʬʠʙʨʦʟʘ ʚ ʩʢʝʣʝʪʥʦʡ ʤʫʩʢʫʣʘʪʫʨʝ mdx-ʤʳʝhʡ. ʀʟʚʝʩʪʥʦ, ʯʪʦ 

ʬʠʙʨʦʟ ʧʨʠ ʄɼɼ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʠʟʙʳʪʦʯʥʳʤ ʠ ʥʝʨʝʛʫʣʠʨʫʝʤʳʤ ʦʪʣʦʞʝʥʠʝʤ ʢʦʤʧʦʥʝʥʪʦʚ 

ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʠ ʷʚʣʷʝʪʩʷ ʦʩʦʙʳʤ ʧʨʠʟʥʘʢʦʤ ʨʘʟʚʠʪʠʷ ʧʘʪʦʣʦʛʠʠ (Kharraz et al., 2014), 

ʧʦʵʪʦʤʫ ʫʤʝʥʴʰʝʥʠʝ ʧʣʦʱʘʜʠ ʬʠʙʨʦʟʘ ʤʦʞʝʪ ʩʚʠʜʝʪʝʣʴʩʪʚʦʚʘʪʴ ʦʙ ʫʣʫʯʰʝʥʠʠ ʢʦʥʪʨʦʣʷ 

ʦʪʣʦʞʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʚʥʝʢʣʝʪʦʯʥʦʛʦ ʤʘʪʨʠʢʩʘ ʚ ʩʢʝʣʝʪʥʳʭ ʤʳʮhʘʭ. ɺʘʞʥʦ ʦʪʤʝʪʠʪʴ, ʯʪʦ 

ʧʦʜʘʚʣʝʥʠʝ ʨʘʟʚʠʪʠʷ ʬʠʙʨʦʟʘ ʘʢʪʠʚʥʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʜʦʧʦʣʥʠʪʝʣʴʥʦʡ ʪʝʨʘʧʠʠ ʄɼɼ, 

ʪʘʢ ʩʧʦʩʦʙʩʪʚʫʝʪ ʩʦʭʨʘʥʝʥʠʶ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʤʳʝhʯʥʳʭ ʚʦʣʦʢʦʥ, ʜʦʩʪʫʧʥʳʭ ʜʣʷ ʪʝʨʘʧʠʠ ʠ 

ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ (Kharraz et al., 2014). 
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3.3.1.2. ɺʣʠʷʥʠʝ ʫʨʠʜʠʥʘ ʥʘ ʫʣʴʪʨʘʩʪʨʫʢʪʫʨʫ ʤʠʪʦʭʦʥʜʨʠʡ ʩʢʝʣʝʪʥʳʭ ʤʳ ʮh ʤʳʰʝʡ 

ʅʘ ʨʠʩʫʥʢʘʭ 47 ʠ 48 ʧʨʠʚʝʜʝʥʳ ʜʘʥʥʳʝ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ ʩʢʝʣʝʪʥʳʭ ʤʳʮh 

ʤʳʝhʡ ʠ ʤʦʨʬʦʤʝʪʨʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʳʭ ʤʠʪʦʭʦʥʜʨʠʡ. 

 

ʈʠʩʫʥʦʢ 47 ï ʋʣʴʪʨʘʩʪʨʫʢʪʫʨʘ ʯʝʪʳʨʝʭʛʣʘʚʦʡ ʤʳʮhʳ ʙʝʜʨʘ ʤʳʝhʡ ʛʨʫʧʧʳ ʢʦʥʪʨʦʣʷ (A, ɹ), 

ʢʦʥʪʨʦʣʴ+ʫʨʠʜʠʥ (ɺ, ɻ), mdx (ɼ, ɽ) ʠ mdx+ʫʨʠʜʠʥ (ɾ, ɿ). ʉʪʨʝʣʢʘʤʠ ʦʪʤʝʯʝʥʘ 

ʩʫʙʩʘʨʢʦʣʝʤʤʘʣʴʥʘ ̫ʧʦʧʫʣʷʮʠ ̫ʤʠʪʦʭʦʥʜʨʠʡ. ɿʚʝʟʜʦʯʢʦʡ ʦʪʤʝʯʝʥʳ ʦʜʥʠ ʠ ʪʝ ʞʝ ʤʠʪʦʭʦʥʜʨʠʠ 

ʧʨʠ ʤʘʣʦʤ ʠ ʙʦʣʴʰʦʤ ʫʚʝʣʠʯʝʥʠʠ. ɹʘʨ ï 1 ʤʢʤ 


























































































































































































