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ɸʫʪʦʨ 

ʀʤʝ ʠ ʧʨʝʟʠʤʝ: ʄʠʣʠʮʘ ɻ. ʇʘʫʥʦʚʠ˂ 

ɼʘʪʫʤ ʠ ʤʝʩʪʦ ʨʦʹʝˁʘ: 6.10.1986. ʛʦʜʠʥʝ ʫ ʂʨʘʛʫʿʝʚʮʫ 

ʉʘʜʘʰˁʝ ʟʘʧʦʩʣʝˁʝ: ʘʩʠʩʪʝʥʪ ʥʘ ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʤ ʬʘʢʫʣʪʝʪʫ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ 

ʂʨʘʛʫʿʝʚʮʫ 

ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ 

ʅʘʩʣʦʚ: ʂʦʤʧʘʨʘʪʠʚʥʘ ʘʥʘʣʠʟʘ ʘʥʪʠʪʫʤʦʨʩʢʦʛ ʠ ʨʝʜʦʢʩ ʧʦʪʝʥʮʠʿʘʣʘ ʦʜʘʙʨʘʥʠʭ 

ʧʣʘʪʠʥʘ(IV) ʢʦʤʧʣʝʢʩʘ ʠ ʨʝʩʚʝʨʘʪʨʦʣʘ ʫ in vitro ʠ in vivo ʪʨʝʪʤʘʥʠʤʘ 

ɹʨʦʿ ʩʪʨʘʥʠʮʘ: 164 

ɹʨʦʿ ʩʣʠʢʘ: 20 ʩʣʠʢʘ, 45 ʛʨʘʬʠʢa, 13 ʪʘʙʝʣʘ 

ɹʨʦʿ ʙʠʙʣʠʦʛʨʘʬʩʢʠʭ ʧʦʜʘʪʘʢʘ: 262 

ʋʩʪʘʥʦʚʘ ʠ ʤʝʩʪʦ ʛʜʝ ʿʝ ʨʘʜ ʠʟʨʘʹʝʥ: ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ 

ʂʨʘʛʫʿʝʚʮʫ 

ʅʘʫʯʥʘ ʦʙʣʘʩʪ (ʋɼʂ): ɹʠʦʣʦʛʠʿʘ, ʫʞʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ ʌʠʟʠʦʣʦʛʠʿʘ ʞʠʚʦʪʠˁʘ ʠ ʯʦʚʝʢʘ ʠ 

ʤʦʣʝʢʫʣʘʨʥʘ ʙʠʦʣʦʛʠʿʘ (591.1:577.2(043.3)) 

ʄʝʥʪʦʨ: ʜʨ ʄʠʣʦʰ ʄʘʪʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʂʨʘʛʫʿʝʚʮʫ 

ʆʮʝʥʘ ʠ ʦʜʙʨʘʥʘ 

ɼʘʪʫʤ ʧʨʠʿʘʚʝ ʪʝʤʝ: 23.10.2019. ʛʦʜʠʥʝ 

ɹʨʦʿ ʦʜʣʫʢʝ ʠ ʜʘʪʫʤ ʧʨʠʭʚʘʪʘˁʘ ʪʝʤʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: IV-01-6/3; 22.01.2020. 

ʛʦʜʠʥʝ 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʥʘʫʯʥʝ ʟʘʩʥʦʚʘʥʦʩʪʠ ʪʝʤʝ ʠ ʠʩʧʫˁʝʥʦʩʪʠ ʫʩʣʦʚʘ ʢʘʥʜʠʜʘʪʘ: 

 

1. ɼʨ ɹʨʘʥʢʘ ʆʛˁʘʥʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʂʨʘʛʫʿʝʚʮʫ, ʫʞʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ: ʌʠʟʠʦʣʦʛʠʿʘ ʞʠʚʦʪʠˁʘ ʠ ʯʦʚʝʢʘ ʠ 

ʤʦʣʝʢʫʣʘʨʥʘ ʙʠʦʣʦʛʠʿʘ; 

2. ɼʨ ʄʠʣʦʰ ʄʘʪʠ˂, ʜʦʮʝʥʪ, ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ 

ʂʨʘʛʫʿʝʚʮʫ, ʫʞʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ: ʌʠʟʠʦʣʦʛʠʿʘ ʞʠʚʦʪʠˁʘ ʠ ʯʦʚʝʢʘ ʠ ʤʦʣʝʢʫʣʘʨʥʘ 

ʙʠʦʣʦʛʠʿʘ; 

3. ɼʨ ʉʚʝʪʣʘʥʘ ʀʚʘʥʦʚʠ˂-ʄʘʪʠ˂, ʥʘʫʯʥʠ ʩʘʚʝʪʥʠʢ, ʀʥʩʪʠʪʫʪ ʟʘ ʙʠʦʣʦʰʢʘ 

ʠʩʪʨʘʞʠʚʘˁʘ Ăʉʠʥʠʰʘ ʉʪʘʥʢʦʚʠ˂ñ, ʋʥʠʚʝʨʟʠʪʝʪ ʫ ɹʝʦʛʨʘʜʫ, ʥʘʫʯʥʘ ʦʙʣʘʩʪ: 

ɹʠʦʣʦʛʠʿʘ. 

 

ʂʦʤʠʩʠʿʘ ʟʘ ʦʮʝʥʫ ʠ ʦʜʙʨʘʥʫ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ: 

 

1. ɼʨ ɹʨʘʥʢʘ ʆʛˁʘʥʦʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʂʨʘʛʫʿʝʚʮʫ, ʫʞʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ: ʌʠʟʠʦʣʦʛʠʿʘ ʞʠʚʦʪʠˁʘ ʠ ʯʦʚʝʢʘ ʠ 

ʤʦʣʝʢʫʣʘʨʥʘ ʙʠʦʣʦʛʠʿʘ; 

2. ɼʨ ʇʝʨʠʮʘ ɺʘʩʠˀʝʚʠ˂, ʨʝʜʦʚʥʠ ʧʨʦʬʝʩʦʨ, ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʅʠʰʫ, ʫʞʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ: ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʘ ʙʠʦʣʦʛʠʿʘ ʠ 

ʙʠʦʪʝʭʥʦʣʦʛʠʿʘ; 
3. ɼʨ ɺʝʨʠʮʘ ɱʝʚʪʠ˂, ʚʘʥʨʝʜʥʠ ʧʨʦʬʝʩʦʨ, ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʠ ʬʘʢʫʣʪʝʪ, 

ʋʥʠʚʝʨʟʠʪʝʪ ʫ ʂʨʘʛʫʿʝʚʮʫ, ʫʞʘ ʥʘʫʯʥʘ ʦʙʣʘʩʪ: ʅʝʦʨʛʘʥʩʢʘ ʭʝʤʠʿʘ. 

 

ɼʘʪʫʤ ʦʜʙʨʘʥʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ:  

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ʉʦʬʠʿʠ ʠ ʇʝʪʨʫ 



 
 

ɿʘʭʚʘʣʥʠʮʘ 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʠ ʜʝʦ ʠʩʪʨʘʞʠʚʘˁʘ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ ʫʨʘʹʝʥ ʿʝ ʫ 

ʃʘʙʦʨʘʪʦʨʠʿʠ ʟʘ ʤʦʣʝʢʫʣʘʨʥʫ ʙʠʦʣʦʛʠʿʫ ʠ ʬʠʟʠʦʣʦʛʠʿʫ, ʀʥʩʪʠʪʫʪʘ ʟʘ ʙʠʦʣʦʛʠʿʫ ʠ 

ʝʢʦʣʦʛʠʿʫ, ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ, ʢʘʦ ʠ ʫ ʃʘʙʦʨʘʪʦʨʠʿʠ ʀʥʩʪʠʪʫʪʘ ʟʘ 

ʧʘʪʦʣʦʛʠʿʫ, ʌʘʢʫʣʪʝʪʘ ʤʝʜʠʮʠʥʩʢʠʭ ʥʘʫʢʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ. ʀʩʪʨʘʞʠʚʘˁʝ ʿʝ 

ʧʨʝʜʩʪʘʚˀʘʣʦ ʜʝʦ ʧʨʦʿʝʢʪʘ ʄʠʥʠʩʪʘʨʩʪʚʘ ʧʨʦʩʚʝʪʝ, ʥʘʫʢʝ ʠ ʪʝʭʥʦʣʦʰʢʦʛ ʨʘʟʚʦʿʘ 

ʈʝʧʫʙʣʠʢʝ ʉʨʙʠʿʝ. 

ʅʝʠʟʤʝʨʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʤ ʤʝʥʪʦʨʫ ʧʨʦʬ. ʜʨ ʄʠʣʦʰʫ ʄʘʪʠ˂ʫ, ʚʘʥʨʝʜʥʦʤ 

ʧʨʦʬʝʩʦʨʫ ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ ʥʘ ʩʪʨʫʯʥʠʤ 

ʩʘʚʝʪʠʤʘ ʠ ʧʨʝʥʝʪʦʤ ʟʥʘˁʫ, ʥʘ ʧʦʩʚʝ˂ʝʥʦʩʪʠ ʫ ʟʘʿʝʜʥʠʯʢʦʤ ʨʘʜʫ, ʧʨʫʞʝʥʦʿ ʧʦʜʨʰʮʠ ʠ 

ʥʝʩʝʙʠʯʥʦʿ ʧʦʤʦ˂ʠ ʦʜ ʨʝʘʣʠʟʘʮʠʿʝ ʧʨʚʠʭ ʝʢʩʧʝʨʠʤʝʥʘʪʘ ʧʘ ʜʦ ʜʘʥʘʩ. ɳʝʛʦʚʠ ʧʨʠʿʘʪʝˀʩʢʠ 

ʩʘʚʝʪʠ, ʨʘʟʫʤʝʚʘˁʝ ʠ ʧʦʚʝʨʝˁʝ ʦʤʦʛʫ˂ʠʣʠ ʩʫ ʫʩʧʝʰʥʦʩʪ ʫ ʤʦʤ ʜʦʩʘʜʘʰˁʝʤ ʨʘʜʫ. 

ʇʦʩʝʙʥʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʿʦʿ ʧʨʦʬʝʩʦʨʢʠ ʜʨ ɹʨʘʥʢʠ ʆʛˁʘʥʦʚʠ˂, ʨʝʜʦʚʥʦʤ 

ʧʨʦʬʝʩʦʨʫ ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ ʥʘ ʧʨʫʞʝʥʦʿ 

ʧʦʤʦ˂ʠ, ʟʘʣʘʛʘˁʫ ʠ ʣʠʯʥʦʿ ʘʥʛʘʞʦʚʘʥʦʩʪʠ ʫ ʝʢʩʧʝʨʠʤʝʥʪʘʣʥʦʤ ʨʘʜʫ, ʥʘ ʥʝʠʩʮʨʧʥʠʤ 

ʨʘʟʛʦʚʦʨʠʤʘ ʠ ʩʚʠʤ ʠʩʢʨʝʥʠʤ ʩʘʚʝʪʠʤʘ ʠ ʢʦʨʠʩʥʠʤ ʩʫʛʝʩʪʠʿʘʤʘ ʢʦʿʠ ʩʫ ʟʥʘʯʘʿʥʦ ʦʣʘʢʰʘʣʠ 

ʧʫʪ ʠʟʨʘʜʝ ʦʚʝ ʜʦʢʪʦʨʩʢʝ ʜʠʩʝʨʪʘʮʠʿʝ.   

ɺʝʣʠʢʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʧʨʦʬ. ʜʨ ʇʝʨʠʮʠ ɺʘʩʠˀʝʚʠ˂, ʨʝʜʦʚʥʦʤ ʧʨʦʬʝʩʦʨʫ 

ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʅʠʰʫ ʠ ʧʨʦʬ. ʜʨ ɺʝʨʠʮʠ ɱʝʚʪʠ˂, 

ʚʘʥʨʝʜʥʦʤ ʧʨʦʬʝʩʦʨʫ ʇʨʠʨʦʜʥʦ-ʤʘʪʝʤʘʪʠʯʢʦʛ ʬʘʢʫʣʪʝʪʘ ʋʥʠʚʝʨʟʠʪʝʪʘ ʫ ʂʨʘʛʫʿʝʚʮʫ ʥʘ 

ʩʘʨʘʜˁʠ, ʩʪʨʫʯʥʠʤ ʩʘʚʝʪʠʤʘ ʠ ʩʫʛʝʩʪʠʿʘʤʘ ʢʦʠʿ ʩʫ ʜʦʧʨʠʥʝʣʠ ʢʚʘʣʠʪʝʪʫ ʠ ʩʘʜʨʞʘʿʥʦʩʪʠ 

ʦʚʝ ʜʠʩʝʨʪʘʮʠʿʝ.  

ɿʘʭʚʘˀʫʿʝʤ ʩʝ ʩʚʠʤ ʩʚʦʿʠʤ ʢʦʣʝʛʘʤʘ ʠ ʧʨʠʿʘʪʝˀʠʤʘ ʢʦʿʠ ʩʫ ʥʘ ʙʠʣʦ ʢʦʿʠ ʥʘʯʠʥ 

ʜʦʧʨʠʥʝʣʠ ʨʝʘʣʠʟʘʮʠʿʠ ʦʚʦʛ ʨʘʜʘ, ʘ ʧʦʩʝʙʥʦ ʩʝ ʟʘʭʚʘˀʫʿʝʤ ɸʥʠ ʥʘ ʢʦʨʠʩʥʠʤ ʤʝʪʦʜʦʣʦʰʢʠʤ 

ʩʘʚʝʪʠʤʘ, ʠ ʥʘʨʘʚʥʦ ʭʚʘʣʘ ɼʨʘʛʘʥʠ ʢʦʿʘ ʿʝ ʫʚʝʢ ʙʠʣʘ ʪʫ ʫ ʧʨʘʚʦ ʚʨʝʤʝ.  

ʅʘ ʢʨʘʿʫ, ʥʘʿʚʝ˂ʫ ʟʘʭʚʘʣʥʦʩʪ ʜʫʛʫʿʝʤ ʩʚʦʿʦʿ ʧʦʨʦʜʠʮʠ. ʍʚʘʣʘ ʚʘʤ ʰʪʦ ʩʪʝ ʚʝʨʦʚʘʣʠ 

ʫ ʤʝʥʝ. ʅʠʢʦʣʠ ʧʦʩʝʙʥʦ ʭʚʘʣʘ ʥʘ ʨʘʟʫʤʝʚʘˁʫ ʤʦʿʠʭ ʘʤʙʠʮʠʿʘ ʠ ʙʝʟʛʨʘʥʠʯʥʦʿ ˀʫʙʘʚʠ, 

ʩʪʨʧˀʝˁʫ ʠ ʧʦʜʨʰʮʠ. ʅʝʠʟʤʝʨʥʦ ʭʚʘʣʘ ʤʦʿʦʿ ʜʝʮʠ, ʉʦʬʠʿʠ ʠ ʇʝʪʨʫ, ʟʘ ʩʚʘʢʠ ʠʟʤʘʤˀʝʥ 

ʦʩʤʝʭ, ʟʘ ʩʚʘʢʠ ʫʣʝʧʰʘʥ ʜʘʥ, ʟʘ ʙʝʟʫʩʣʦʚʥʫ ˀʫʙʘʚ ʢʦʿʘ ʤʠ ʿʝ ʜʘʣʘ ʩʥʘʛʫ ʜʘ ʠʩʪʨʘʿʝʤ ʜʦ ʢʨʘʿʘ.  
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ɸʇʉʊʈɸʂʊ  

 
ɻʣʦʙʘʣʥʠ ʧʦʨʘʩʪ ʠʥʮʠʜʝʥʮʝ ʪʫʤʦʨʩʢʠʭ ʙʦʣʝʩʪʠ, ʨʘʟʚʦʿ ʨʝʟʠʩʪʝʥʮʠʿʝ ʢʘʥʮʝʨʥʠʭ ˂ʝʣʠʿʘ ʥʘ 

ʭʝʤʦʪʝʨʘʧʝʫʪʠʢʝ, ʢʘʦ ʠ ʥʝʩʝʣʝʢʪʠʚʥʦʩʪ ʭʝʤʦʪʝʨʘʧʝʫʪʠʢʘ, ʫʩʤʝʨʠʣʠ ʩʫ ʠʩʪʨʘʞʠʚʘˁʘ ʢʘ ʧʨʦʥʘʣʘʩʢʫ 

ʝʬʠʢʘʩʥʠʭ ʧʨʠʨʦʜʥʠʭ ʠ ʩʠʥʪʝʪʠʩʘʥʠʭ ʿʝʜʠˁʝˁʘ ʩʘ ʘʥʪʠʪʫʤʦʨʩʢʠʤ ʩʚʦʿʩʪʚʠʤʘ. ʋ ʦʚʦʿ ʜʠʩʝʨʪʘʮʠʿʠ 

ʝʚʘʣʫʠʨʘʥʠ ʩʫ ʤʝʭʘʥʠʟʤʠ ʘʥʪʠʪʫʤʦʨʩʢʦʛ ʜʝʣʦʚʘˁʘ ʠ ʪʦʢʩʠʯʥʠʭ/ʧʨʦʪʝʢʪʠʚʥʠʭ ʝʬʝʢʘʪʘ 

ʥʦʚʦʩʠʥʪʝʪʠʩʘʥʠʭ ʧʣʘʪʠʥʘ(IV) ʢʦʤʧʣʝʢʩʘ ʩʘ ʦʜʨʝʹʝʥʠʤ ʝʩʪʨʠʤʘ ʝʪʠʣʝʥʜʠʘʤʠʥ-N,Nǋ-ʜʠ-S,S-(2,2ǋ-

ʜʠʙʝʥʟʠʣ) ʘʮʝʪʘʪʘ ʠ ʨʝʩʚʝʨʘʪʨʦʣʘ. ʀʩʧʠʪʠʚʘʥʠ ʢʦʤʧʣʝʢʩʠ ʠʩʧʦˀʘʚʘʿʫ ʠʥʪʝʥʟʠʚʥʠʿʠ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʠ ʝʬʝʢʘʪ ʦʜ ʮʠʩʧʣʘʪʠʥʝ ʧʨʝʤʘ ʭʫʤʘʥʠʤ ˂ʝʣʠʿʘʤʘ ʪʫʤʦʨʘ ʜʦʿʢʝ (MDA-MB-231), 

ʪʫʤʦʨʘ ʧʣʘʮʝʥʪʝ (JEG-3) ʠ ʟʜʨʘʚʠʤ ʬʠʙʨʦʙʣʘʩʪʠʤʘ ʧʣʫ˂ʘ (MRC-5). ʂʦʤʧʣʝʢʩ ʩʘ ʝʪʠʣ 

ʩʫʧʩʪʠʪʫʝʥʪʦʤ ʨʝʜʫʢʫʿʝ ʤʠʛʨʘʪʦʨʥʠ ʧʦʪʝʥʮʠʿʘʣ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʠ ʠʥʜʫʢʫʿʝ ʦʢʩʠʜʘʪʠʚʥʠ ʩʪʨʝʩ ʫ 

ʩʚʠʤ ʢʦʨʠʰ˂ʝʥʠʤ ˂ʝʣʠʿʘʤʘ. ʂʦʤʙʠʥʦʚʘʥʠ ʪʨʝʪʤʘʥ ʨʝʩʚʝʨʘʪʨʦʣʦʤ ʠʥʪʝʥʟʠʚʠʨʘ 

ʘʥʪʠʧʨʦʣʠʬʝʨʘʪʠʚʥʠ, ʘʥʪʠʤʠʛʨʘʪʦʨʥʠ ʠ ʧʨʦʦʢʩʠʜʘʪʠʚʥʠ ʧʦʪʝʥʮʠʿʘʣ ʧʣʘʪʠʥʘ(IV)  ʢʦʤʧʣʝʢʩʘ 

ʣʠʤʠʪʠʨʘʿʫ˂ʠ ʥʝʛʘʪʠʚʥʝ ʝʬʝʢʪʝ ʧʨʝʤʘ ʟʜʨʘʚʠʤ ˂ʝʣʠʿʘʤʘ. ʀʩʧʠʪʠʚʘʥʠ ʧʣʘʪʠʥʘ(IV)  ʢʦʤʧʣʝʢʩʠ ʫ 

ʦʜʥʦʩʫ ʥʘ ʮʠʩʧʣʘʪʠʥʫ ʠʩʧʦˀʠʣʠ ʩʫ ʠʥʪʝʥʟʠʚʥʠʿʝ ʪʦʢʩʠʯʥʝ ʝʬʝʢʪʝ ʧʦʪʚʨʹʝʥʝ ʠʥʜʫʢʦʚʘʥʠʤ 

ʧʨʦʤʝʥʘʤʘ ʭʝʤʘʪʦʣʦʰʢʠʭ ʠ ʙʠʦʭʝʤʠʿʩʢʠʭ ʧʘʨʘʤʝʪʘʨʘ ʢʨʚʠ ʠ ʦʢʩʠʜʘʪʠʚʥʠʤ ʦʰʪʝ˂ʝˁʠʤʘ 

ʝʨʠʪʨʦʮʠʪʘ, ˂ʝʣʠʿʘ ʿʝʪʨʝ ʠ ʙʫʙʨʝʛʘ ʪʨʝʪʠʨʘʥʠʭ ʞʝʥʢʠ Wistar albino ʧʘʮʦʚʘ. ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʝʬʝʢʪʠ 

ʨʝʩʚʝʨʘʪʨʦʣʘ ʥʘʢʦʥ ʢʦʤʙʠʥʦʚʘʥʠʭ ʪʨʝʪʤʘʥʘ ʠʩʧʦˀʝʥʠ ʩʫ ʩʫʧʨʠʤʠʨʘˁʝʤ ʦʢʩʠʜʘʪʠʚʥʠʭ ʦʰʪʝ˂ʝˁʘ 

ʝʨʠʪʨʦʮʠʪʘ, ʜʦʢ ʩʫ ʫ ʪʢʠʚʫ ʿʝʪʨʝ ʠ ʙʫʙʨʝʛʘ ʜʝʪʝʢʪʦʚʘʥʠ ʧʨʦʦʢʩʠʜʘʪʠʚʥʠ ʝʬʝʢʪʠ ʦʚʦʛ ʧʦʣʠʬʝʥʦʣʘ. 

ɼʦʙʠʿʝʥʠ ʨʝʟʫʣʪʘʪʠ ʜʦʧʨʠʥʦʩʝ ʨʘʩʚʝʪˀʘʚʘˁʫ ʤʝʭʘʥʠʟʘʤʘ ʜʝʿʩʪʚʘ ʠʩʧʠʪʠʚʘʥʠʭ ʿʝʜʠˁʝˁʘ ʫʢʘʟʫʿʫ˂ʠ 

ʥʘ ˁʠʭʦʚ ʠʟʫʟʝʪʘʥ ʘʥʪʠʪʫʤʦʨʩʢʠ ʧʦʪʝʥʮʠʿʘʣ, ʘʣʠ ʠ ʧʦʪʨʝʙʫ ʧʨʦʥʘʣʘʞʝˁʘ ʥʦʚʦʛ ʚʘʨʠʿʝʪʝʪʘ 

ʧʣʘʪʠʥʘ(IV)  ʢʦʤʧʣʝʢʩʘ ʩʘ ʨʝʜʫʢʦʚʘʥʦʤ ʪʦʢʩʠʯʥʦʰ˂ʫ ʠ/ʠʣʠ ʝʬʠʢʘʩʥʠʿʝʛ ʘʥʪʠʦʢʩʠʜʘʥʩʘ ʢʘʦ 

ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʭʝʤʦʪʝʨʘʧʝʫʪʩʢʠʭ ʘʛʝʥʘʩʘ. 

 

ʂ ʫˀʯʥʝ ʨʝʯʠ: ʮʠʩʧʣʘʪʠʥʘ, ʧʣʘʪʠʥʘ(IV) ʢʦʤʧʣʝʢʩʠ, ʨʝʩʚʝʨʘʪʨʦʣ, ʪʫʤʦʨ ʜʦʿʢʝ, ʪʫʤʦʨ ʧʣʘʮʝʥʪʝ, 

ʦʢʩʠʜʘʪʠʚʥʠ ʩʪʨʝʩ, ʧʨʠʨʦʜʥʠ ʘʛʝʥʩ, ʘʥʪʠʦʢʩʠʜʘʥʩ, ʭʝʧʘʪʦʪʦʢʩʠʯʥʦʩʪ, ʥʝʬʨʦʪʦʢʩʠʯʥʦʩʪ. 

 

     

 

 

 

 

 

 

 

 

 



 
 

 

ABSTRACT 

 

The global increase in the incidence of tumor diseases, the development of resistance of 

cancer cells to chemotherapeutics, as well as the non-selectivity of chemotherapeutics, directed 

research to the discovery of effective natural and synthetic compounds with antitumor properties. 

This study evaluates the mechanisms of antitumor action and toxic/protective effects of newly 

synthesized Pt(IV) complexes with certain esters of ethylenediamine-N,Nǋ-di-S,S-(2,2ǋ-dibenzyl) 

acetate and resveratrol. The examined complexes exhibit a more intense antiproliferative effect 

than cisplatin against human breast tumor (MDA-MB-231), placental tumor (JEG-3) and healthy 

lung fibroblasts (MRC-5) cells. The complex with an ethyl substituent reduces the migratory 

potential of tumor cells and induces oxidative stress in all used cells. Combined treatment with 

resveratrol intensifies the antiproliferative, antimigratory and prooxidative potential of the Pt(IV) 

complex, limiting the negative effects on healthy cells. Compared to cisplatin, the tested Pt(IV) 

complexes exhibited more intense toxic effects confirmed by induced changes in hematological 

and biochemical parameters and oxidative damage of erythrocytes, liver and kidney cells of treated 

female Wistar albino rats. The antioxidant effects of resveratrol were manifested after combined 

treatments by suppressing oxidative damage of erythrocytes, while the prooxidative effects of this 

polyphenol were expressed on liver and kidney tissues. The obtained results contribute to 

elucidating the mechanisms of action of the investigated compounds, indicating their exceptional 

antitumor potential, but also the need to find a new variety of Pt(IV) complexes with reduced 

toxicity and/or more effective antioxidants as potential chemotherapeutic agents. 

 

Keywords: cisplatin, platinum(IV) complexes, resveratrol, breast tumor, placental tumor, 

oxidative stress, natural agent, antioxidant, hepatotoxicity, nephrotoxicity. 
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I ʋɺʆɼ 
 

 

1. ʅʘʩʪʘʥʘʢ ʠ ʧʨʦʛʨʝʩʠʿʘ ʤʘʣʠʛʥʦʛ ʪʫʤʦʨʘ 
 

ʊʦʢʦʤ ʧʨʦʮʝʩʘ ʢʘʥʮʝʨʦʛʝʥʝʟʝ ʥʦʨʤʘʣʥʝ ˂ʝʣʠʿʝ ʧʦʜʣʝʞʫ ʙʨʦʿʥʠʤ ʤʝʪʘʙʦʣʠʯʢʠʤ 

ʧʨʦʤʝʥʘʤʘ ʢʦʿʝ ʩʫ ʫʩʣʦʚˀʝʥʝ ʘʢʫʤʫʣʘʮʠʿʦʤ ʤʦʜʠʬʠʢʘʮʠʿʘ ʨʝʛʫʣʘʪʦʨʥʠʭ ʛʝʥʘ ʦʜʛʦʚʦʨʥʠʭ 

ʟʘ ʦʜʨʞʘʚʘˁʝ ʭʦʤʝʦʩʪʘʟʝ ˂ʝʣʠʿʩʢʦʛ ʮʠʢʣʫʩʘ. ʄʦʜʠʬʠʢʘʮʠʿʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʘʢʪʠʚʘʮʠʿʫ ʛʝʥʘ 

ʢʦʿʠ ʩʫ ʫ ʬʠʟʠʦʣʦʰʢʠʤ ʦʢʦʣʥʦʩʪʠʤʘ ʫ ʥʝʘʢʪʠʚʥʦʤ ʦʙʣʠʢʫ ʿʝʨ ʧʨʦʤʦʚʠʰʫ ˂ʝʣʠʿʩʢʠ ʨʘʩʪ ʠ 

ʧʨʦʣʠʬʝʨʘʮʠʿʫ - ʦʥʢʦʛʝʥʠ, ʠʣʠ ʠʥʘʢʪʠʚʘʮʠʿʫ ʛʝʥʘ ʦʜʛʦʚʦʨʥʠʭ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ˂ʝʣʠʿʩʢʦʛ 

ʮʠʢʣʫʩʘ ʠ ʩʫʧʨʝʩʠʿʫ ˂ʝʣʠʿʩʢʦʛ ʨʘʩʪʘ - ʪʫʤʦʨ ʩʫʧʨʝʩʦʨ ʛʝʥʠ, ʟʘ ʨʝʛʫʣʘʮʠʿʫ ʧʨʦʛʨʘʤʠʨʘʥʝ 

˂ʝʣʠʿʩʢʝ ʩʤʨʪʠ ʠ ʟʘ ʨʝʧʘʨʘʮʠʿʫ ʦʰʪʝ˂ʝʥʝ ɼʅʂ. ʆʚʝ ʛʝʥʝʪʩʢʝ ʧʨʦʤʝʥʝ, ʥʘʩʪʘʣʝ ʩʧʦʥʪʘʥʠʤ 

ʤʫʪʘʮʠʿʘʤʘ ʠʣʠ ʤʫʪʘʮʠʿʘʤʘ ʠʥʜʫʢʦʚʘʥʠʤ ʜʝʣʦʚʘˁʝʤ ʥʝʢʦʛ ʛʝʥʦʪʦʢʩʠʯʥʦʛ ʘʛʝʥʩʘ, ʠʟʘʟʠʚʘʿʫ 

ʜʝʨʝʛʫʣʘʮʠʿʫ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʩʘʥʠʭ ʧʨʦʮʝʩʘ ˂ʝʣʠʿʩʢʝ ʜʝʦʙʝ, ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʠ 

ʧʨʦʛʨʘʤʠʨʘʥʝ ˂ʝʣʠʿʩʢʝ ʩʤʨʪʠ - ʘʧʦʧʪʦʟʝ, ʚʦʜʝ˂ʠ ʜʦ ʥʝʢʦʥʪʨʦʣʠʩʘʥʝ ʧʨʦʣʠʬʝʨʘʮʠʿʝ ʠ 

ʢʣʦʥʩʢʝ ʝʢʩʧʘʥʟʠʿʝ ʤʫʪʠʨʘʥʝ ˂ʝʣʠʿʝ, ʢʘʦ ʠ ʧʝʨʤʘʥʝʥʪʥʦʛ ʧʨʝʞʠʚˀʘʚʘˁʘ ʪʘʢʚʠʭ ˂ʝʣʠʿʘ 

ʫʩʣʝʜ ˁʠʭʦʚʝ ʝʬʠʢʘʩʥʦʩʪʠ ʫ ʟʘʦʙʠʣʘʞʝˁʫ ʥʘʧʘʜʘ ʦʜ ʩʪʨʘʥʝ ʠʤʫʥʠʭ ˂ʝʣʠʿʘ ʠ ʫ ʠʥʭʠʙʠʮʠʿʠ 

ʘʧʦʧʪʦʟʝ (Juriġiĺ ʠ Ģivanļeviĺ-Somonoviĺ, 2002; Hanahan ʠ Weinberg, 2011; Botelho ʠ ʩʘʨ., 

2014).  

 
ʊʘʙʝʣʘ 1. ʋʧʦʨʝʜʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʝʥʠʛʥʠʭ ʠ ʤʘʣʠʛʥʠʭ ʪʫʤʦʨʘ (Botelho ʠ ʩʘʨ. 2014) 
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ɹʝʥʠʛʥʠ ʪʫʤʦʨ ʄʘʣʠʛʥʠ ʪʫʤʦʨ 

ʋʛʣʘʚʥʦʤ ʥʠʩʫ ʣʝʪʘʣʥʠ ʋʢʦʣʠʢʦ ʩʝ ʥʝ ʪʨʝʪʠʨʘʿʫ ʜʦʚʦʜʝ ʜʦ ʩʤʨʪʠ ʜʦʤʘ˂ʠʥʘ 

ɿʘʥʝʤʘʨˀʠʚʝ ʧʦʚʨʝʜʝ ʪʢʠʚʘ ʜʦʤʘ˂ʠʥʘ, ʩʪʚʘʨʘˁʝʤ 

ʧʨʠʪʠʩʢʘ ʤʦʞʝ ʦʤʝʪʘʪʠ ʚʠʪʘʣʥʦ ʪʢʠʚʦ 

ʀʥʜʫʢʫʿʝ ʜʝʩʪʨʫʢʮʠʿʫ ʚʠʪʘʣʥʦʛ ʪʢʠʚʘ ʚʦʜʝ˂ʠ ʜʦ ʩʤʨʪʠ 

ʜʦʤʘ˂ʠʥʘ 

ʉʧʦʨʦʨʘʩʪʫ˂ʠ  ɹʨʟʦʨʘʩʪʫ˂ʠ 

ʀʥʢʘʧʩʫʣʠʨʘʥ, ʦʩʪʘʿʝ ʣʦʢʘʣʠʟʦʚʘʥ ʥʘ ʤʝʩʪʫ ʧʦʨʝʢʣʘ ʀʥʬʠʣʪʨʘʮʠʿʦʤ ʠ ʠʥʚʘʟʠʿʦʤ ʩʝ ʰʠʨʠ ʥʘ ʦʢʦʣʥʘ ʠ 

ʫʜʘˀʝʥʘ ʪʢʠʚʘ 

ʆʙʠʯʥʦ ʨʘʩʪʝ ʰʠʨʝˁʝʤ ʠ ʧʦʤʝʨʘˁʝʤ ʦʢʦʣʥʦʛ ʪʢʠʚʘ ɺʨʰʠ ʠʥʚʘʟʠʿʫ ʠ ʜʝʩʪʨʫʢʮʠʿʫ ʦʢʦʣʥʦʛ ʪʢʠʚʘ 

ɴʝʣʠʿʝ ʠ ˂ʝʣʠʿʩʢʝ ʩʪʨʫʢʪʫʨʝ ʣʠʯʝ ʥʘ ʥʦʨʤʘʣʥʝ ˂ʝʣʠʿʝ 

ʠ ʪʢʠʚʘ 

ɺʠʜˀʠʚʝ ʘʥʘʧʣʘʩʪʠʯʥʝ, ʜʠʩʧʣʘʩʪʠʯʥʝ ʠ ʧʣʝʦʤʦʨʬʥʝ 

ʧʨʦʤʝʥʝ; ʤʦʛʫ ʙʠʪʠ ʧʦʚʝʟʘʥʠ ʩʘ ʢʨʚʘʨʝˁʝʤ, ʥʝʢʨʦʟʦʤ 

ʠ ʫʧʘʣʦʤ 

ʄʠʪʦʟʝ ʨʝʪʢʝ; ʦʙʣʠʢ ʠ ʙʦʿʘ ʥʫʢʣʝʫʩʘ ʥʦʨʤʘʣʥʠ; 

ʥʫʢʣʝʦʣʫʩ ʥʠʿʝ ʫʧʘʜˀʠʚ 

ɸʙʥʦʨʤʘʣʥʘ ʠ ʯʝʩʪʘ ʤʠʪʦʟʘ; ʅʫʢʣʝʫʩ ʠ ʥʫʢʣʝʦʣʫʩ 

ʥʝʧʨʘʚʠʣʥʦʛ ʦʙʣʠʢʘ, ʫʚʝ˂ʘʥʠ ʠ ʭʠʧʝʨʭʨʦʤʘʪʠʯʥʠ 

ʆʩʝʪˀʠʚʦʩʪ ʥʘ ʟʨʘʯʝˁʝ ʩʣʠʯʥʘ ʦʥʦʿ ʢʦʜ ʥʦʨʤʘʣʥʦʛ 

ʪʢʠʚʘ; ʨʝʪʢʦ ʩʝ ʣʝʯʠ ʟʨʘʯʝˁʝʤ 

ʆʩʝʪˀʠʚʦʩʪ ʥʘ ʟʨʘʯʝˁʝ ʿʝ ʧʨʦʧʦʨʮʠʦʥʘʣʥʦ ʧʦʚʝ˂ʘʥʘ 

ʩʭʦʜʥʦ ʩʪʝʧʝʥʫ ʤʘʣʠʛʥʠʪʝʪʘ; ʯʝʩʪʦ ʩʝ ʣʝʯʠ ʟʨʘʯʝˁʝʤ 

 

ʊʫʤʦʨʠ ʩʝ ʤʦʛʫ ʢʣʘʩʠʬʠʢʦʚʘʪʠ ʧʨʝʤʘ ʝʤʙʨʠʦʥʘʣʥʦʤ ʧʦʨʝʢʣʫ ʠ ʭʠʩʪʦʛʝʥʝʟʠ ˂ʝʣʠʿʘ 

ʠ ʪʢʠʚʘ ʠʟ ʢʦʛʘ ʩʫ ʥʘʩʪʘʣʠ ʥʘ ʝʧʠʪʝʣʥʝ, ʤʝʟʝʥʭʠʤʘʣʥʝ, ʠ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʝ ʪʫʤʦʨʝ, ʘ ʧʨʝʤʘ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʨʘʩʪʘ ʠ ʨʘʟʚʦʿʘ, ʢʘʦ ʠ ʪʝʥʜʝʥʮʠʿʠ ʰʠʨʝˁʘ (ʜʠʩʧʣʘʟʠʿʝ) ʪʫʤʦʨʩʢʦʛ ʪʢʠʚʘ, 

ʥʘ ʙʝʥʠʛʥʝ ʠ ʤʘʣʠʛʥʝ ʪʫʤʦʨʝ (ʊʘʙʝʣʘ 1) (Botelho ʠ ʩʘʨ., 2014). ɹʝʥʠʛʥʠ (ʝʧʠʪʝʣʠʦʤʠ ʠ 

ʘʜʝʥʦʤʠ) ʠ ʤʘʣʠʛʥʠ (ʢʘʨʮʠʥʦʤʠ ʠ ʘʜʝʥʦʢʘʨʮʠʥʦʤʠ) ʝʧʠʪʝʣʥʠ ʪʫʤʦʨʠ ʤʦʛʫ ʥʘʩʪʘʪʠ ʫ 

ʝʧʠʪʝʣʥʦʤ ʪʢʠʚʫ ʫʩʥʝ ʜʫʧˀʝ, ʣʘʨʠʥʛʩʘ, ʨʝʩʧʠʨʘʪʦʨʥʠʭ ʧʫʪʝʚʘ, ʜʠʛʝʩʪʠʚʥʦʛ ʪʨʘʢʪʘ, 
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ʧʘʥʢʨʝʘʩʘ, ʝʧʠʜʝʨʤʠʩʘ ʢʦʞʝ ʠʪʜ. ʄʝʟʝʥʭʠʤʘʣʥʠ ʙʝʥʠʛʥʠ (ʬʠʙʨʦʤʠ, ʦʩʪʝʦʤʠ, ʭʝʤʘʥʛʠʦʤʠ) 

ʠ ʤʘʣʠʛʥʠ ʪʫʤʦʨʠ (ʬʠʙʨʦʩʘʨʢʦʤʠ, ʦʩʪʝʦʩʘʨʢʦʤʠ, ʭʝʤʘʥʛʠʦʩʘʨʢʦʤʠ) ʥʘʩʪʘʿʫ ʫ ʨʘʟʣʠʯʠʪʦʤ 

ʚʝʟʠʚʥʦʤ ʪʢʠʚʫ, ʜʦʢ ʩʧʝʮʠʿʘʣʠʟʦʚʘʥʠ ʪʫʤʦʨʠ ʥʘʩʪʘʿʫ ʫ ʪʢʠʚʫ ʥʝʨʚʥʠʭ ʠ ʯʫʣʥʠʭ ˂ʝʣʠʿʘ 

(ʘʩʪʨʦʮʠʪʦʤ, ʛʣʠʦʤ, ʰʚʘʥʦʤ, ʨʝʪʠʥʦʙʣʘʩʪʦʤ).  

ɼʘˀʠ ʨʘʟʚʦʿ ʤʘʣʠʛʥʝ ʪʫʤʦʨʩʢʝ ˂ʝʣʠʿʝ (ʥʝʦʧʣʘʟʤʝ) ʫʩʣʦʚˀʝʥ ʿʝ ˁʝʥʦʤ ʩʧʦʩʦʙʥʦʰ˂ʫ 

ʟʘʦʙʠʣʘʞʝˁʘ ʠ ʤʦʜʠʬʠʢʘʮʠʿʝ ʧʨʦʮʝʩʘ ʝʩʝʥʮʠʿʘʣʥʠʭ ʟʘ ʦʜʨʞʘʚʘˁʝ ʜʠʥʘʤʠʯʢʝ ʨʘʚʥʦʪʝʞʝ 

˂ʝʣʠʿʩʢʦʛ ʮʠʢʣʫʩʘ. Oʩʦʙʠʥʝ ʤʘʣʠʛʥʝ ʪʫʤʦʨʩʢʝ ˂ʝʣʠʿʝ ʢʦʿʝ ʿʦʿ ʦʤʦʛʫ˂ʘʚʘʿʫ ʨʘʟʚʦʿ, ʦʧʩʪʘʥʘʢ 

ʠ ʧʨʦʧʘʛʘʮʠʿʫ ʩʫ ʩʣʝʜʝ˂ʝ (Hanahan ʠ Weinberg, 2011; Fouad ʠ Aanei, 2017; Stewart, 2019): 

 

¶ ʋ ʥʦʨʤʘʣʥʠʤ ʬʠʟʠʦʣʦʰʢʠʤ ʦʢʦʣʥʦʩʪʠʤʘ ˂ʝʣʠʿʘ ʫʣʘʟʠ ʫ ʜʝʦʙʫ ʪʝʢ ʧʦʰʪʦ ʿʝ 
ʩʪʠʤʫʣʠʩʘʥʘ ʤʠʪʦʛʝʥʠʤʘ, ʭʦʨʤʦʥʠʤʘ ʠ ʬʘʢʪʦʨʠʤʘ ʨʘʩʪʘ ʧʨʦʜʫʢʦʚʘʥʠʭ ʦʜ ʩʪʨʘʥʝ 

ʩʫʩʝʜʥʠʭ ˂ʝʣʠʿʘ, ʜʦʢ ʿʝ ʟʘ ʪʫʤʦʨʩʢʝ ˂ʝʣʠʿʝ ʩʧʝʮʠʬʠʯʥʘ ʩʪʘʣʥʘ ʧʨʦʛʨʝʩʠʿʘ ʢʨʦʟ ˂ʝʣʠʿʩʢʠ 

ʮʠʢʣʫʩ ʠ ʫʣʘʟʘʢ ʫ ʜʝʦʙʫ (ʧʝʨʟʠʩʪʝʥʪʥʘ ʧʨʦʣʠʬʝʨʘʮʠʿʘ) ʫʩʣʝʜ ʧʨʦʜʫʢʮʠʿʝ ʦʚʠʭ 

ʩʠʛʥʘʣʥʠʭ ʤʦʣʝʢʫʣʘ ʧʫʪʝʤ ʘʫʪʦʢʨʠʥʝ ʩʠʛʥʘʣʠʟʘʮʠʿʝ ʠ/ʠʣʠ ʦʜʩʫʩʪʚʘ ʨʝʘʢʮʠʿʝ ʥʘ  ʩʠʛʥʘʣʝ 

ʢʦʿʠ ʦʨʛʘʥʠʯʘʚʘʿʫ ʨʘʩʪ ʠ ʜʝʦʙʫ ˂ʝʣʠʿʘ.  

¶ ʋʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ʦʰʪʝ˂ʝˁʘ ʛʝʥʘ ʫʩʣʝʜ ʜʝʿʩʪʚʘ ʩʪʨʝʩʥʠʭ ʘʛʝʥʘʩʘ ʠ ʨʝʧʘʨʘʮʠʿʘ ʥʠʿʝ 
ʤʦʛʫ˂ʘ, ʥʦʨʤʘʣʥʝ ˂ʝʣʠʿʝ ʟʘʫʩʪʘʚˀʘʿʫ ʨʝʧʣʠʢʘʮʠʿʫ ʦʰʪʝ˂ʝʥʦʛ ɼʅʂ ʤʦʣʝʢʫʣʘ 

ʘʢʪʠʚʠʨʘʿʫ˂ʠ ʧʨʦʮʝʩ ʩʘʤʦʫʥʠʰʪʝˁʘ, ʘ ʫ ʮʠˀʫ ʩʧʨʝʯʘʚʘˁʘ ʧʨʝʥʦʩʘ ʥʘʩʪʘʣʠʭ ʤʫʪʘʮʠʿʘ 

ʥʘ ʥʘʨʝʜʥʝ ʛʝʥʝʨʘʮʠʿʝ. ʋ ʪʫʤʦʨʩʢʠʤ ˂ʝʣʠʿʘʤʘ ʜʦʣʘʟʠ ʜʦ ʤʫʪʘʮʠʿʝ ʪʫʤʦʨ ʩʫʧʨʝʩʦʨʥʠʭ 

ʛʝʥʘ ʯʠʤʝ ʦʥʝ ʜʦʙʠʿʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʛ ʨʘʩʪʘ ʠ ʜʝʦʙʝ ʤʫʪʠʨʘʥʝ ˂ʝʣʠʿʝ ʢʘʦ ʠ 

ʩʧʦʩʦʙʥʦʩʪ ʠʟʙʝʛʘʚʘˁʘ ʘʧʦʧʪʦʟʝ.  

¶ ʉʧʝʮʠʬʠʯʥʦʩʪ ʥʦʨʤʘʣʥʠʭ ˂ʝʣʠʿʘ ʿʝ ʦʨʛʘʥʠʯʝʥ ʢʘʧʘʮʠʪʝʪ ʜʝʦʙʘ ʢʦʜʠʨʘʥ ʤʘʣʠʤ 

ʩʝʢʚʝʥʮʘʤʘ ɼʅʂ ʢʦʿʝ ʩʝ ʥʘʣʘʟʝ ʥʘ ʪʝʣʦʤʝʨʘʤʘ (ʨʝʛʠʦʥ ʧʦʥʘʚˀʘʿʫ˂ʠʭ ʩʝʢʚʝʥʮʠ). ʅʘʢʦʥ 

ʟʘʚʨʰʝʥʦʛ ʧʨʝʜʦʜʨʝʹʝʥʦʛ ʙʨʦʿʘ ʜʝʦʙʥʠʭ ʮʠʢʣʫʩʘ, ʥʦʨʤʘʣʥʘ ˂ʝʣʠʿʘ ʫʣʘʟʠ ʫ ʘʧʦʧʪʦʟʫ 

ʫʩʣʝʜ ʩʪʘʨʦʩʪʠ (ʢʦʿʘ ʧʦʚʝ˂ʘʚʘ ʤʦʛʫ˂ʥʦʩʪ ʥʘʩʪʘʥʢʘ ʤʫʪʠʨʘʥʠʭ ʛʝʥʘ), ʜʦʢ ˂ʝʣʠʿʘ ʪʫʤʦʨʘ 

ʧʨʝʚʘʟʠʣʘʟʠ ʧʨʦʛʨʘʤʠʨʘʥ ʙʨʦʿ ʜʝˀʝˁʘ ʧʦʩʨʝʜʩʪʚʦʤ ʪʝʣʦʤʝʨʘʟʝ, ʝʥʟʠʤʘ ʢʦʿʠ ʜʦʜʘʿʝ 

ʧʦʥʘʚˀʘʿʫ˂ʝ ʩʝʢʚʝʥʮʝ ʥʘ 3' ʢʨʘʿ ʪʝʣʦʤʝʨʝ, ʦʙʝʟʙʝʹʫʿʫ˂ʠ ˂ʝʣʠʿʠ ʥʝʦʛʨʘʥʠʯʝʥʠ 

ʨʝʧʣʠʢʘʮʠʦʥʠ ʧʦʪʝʥʮʠʿʘʣ (ʠʤʦʨʪʘʣʠʟʘʮʠʿʘ ˂ʝʣʠʿʝ).  

¶ ɼʘ ʙʠ ʦʙʝʟʙʝʜʠʣʝ ʧʦʪʨʝʙʫ ʟʘ ʝʥʝʨʛʠʿʦʤ ʢʦʿʘ ʿʝ ʥʝʦʧʭʦʜʥʘ ʜʘ ʧʦʜʨʞʠ ʩʪʘʣʥʫ 
ʧʨʦʣʠʬʝʨʘʪʠʚʥʫ ʘʢʪʠʚʥʦʩʪ, ʤʘʣʠʛʥʝ ʪʫʤʦʨʩʢʝ ˂ʝʣʠʿʝ ʤʝˁʘʿʫ ʩʚʦʿ ʝʥʝʨʛʝʪʩʢʠ 

ʤʝʪʘʙʦʣʠʟʘʤ.  

¶ ɱʝʜʥʘ ʦʜ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʝʩʝʥʮʠʿʘʣʥʠʭ ʟʘ ʦʜʨʞʠʚʦʩʪ ʪʫʤʦʨʘ ʿʝ ʠ ʩʧʦʩʦʙʥʦʩʪ 
ʩʪʠʤʫʣʘʮʠʿʝ ʦʢʦʣʥʠʭ ʝʥʜʦʪʝʣʩʢʠʭ (ʥʝʪʫʤʦʨʩʢʠʭ) ˂ʝʣʠʿʘ ʥʘ ʧʨʦʮʝʩ ʘʥʛʠʦʛʝʥʝʟʝ ʫ ʮʠˀʫ 

ʦʙʝʟʙʝʹʠʚʘˁʘ ʢʦʥʪʠʥʫʠʨʘʥʦʛ ʩʥʘʙʜʝʚʘˁʘ ʢʠʩʝʦʥʠʢʦʤ ʠ ʭʨʘʥˀʠʚʠʤ ʤʘʪʝʨʠʿʘʤʘ.  

¶ ʄʘʣʠʛʥʝ ʪʫʤʦʨʩʢʝ ˂ʝʣʠʿʝ ʩʣʘʙˀʝˁʝʤ ʤʝʹʫ˂ʝʣʠʿʩʢʠʭ ʢʦʥʪʘʢʘʪʘ ʩʝ ʤʦʛʫ ʦʜʚʦʿʠʪʠ ʦʜ 

ʪʢʠʚʘ ʫ ʢʦʤʝ ʩʫ ʥʘʩʪʘʣʝ ʠ ʠʥʚʘʜʠʨʘʪʠ ʫ ʦʢʦʣʥʘ ʪʢʠʚʘ ʧʦʩʨʝʜʩʪʚʦʤ ʘʢʪʠʚʘʮʠʿʝ 

ʭʠʜʨʦʣʠʪʠʯʢʠʭ ʝʥʟʠʤʘ ʢʦʿʠ ʜʝʛʨʘʜʫʿʫ ʤʝʹʫ˂ʝʣʠʿʩʢʠ ʤʘʪʨʠʢʩ ʠ ʙʘʟʘʣʥʫ ʤʝʤʙʨʘʥʫ. ʅʘʢʦʥ 

ʧʨʦʜʠʨʘˁʘ ʫ ʢʨʚʦʪʦʢ ʠ ʣʠʤʬʦʪʦʢ ʧʦʿʝʜʠʥʝ ʤʘʣʠʛʥʝ ˂ʝʣʠʿʝ ʫʩʧʝʚʘʿʫ ʜʘ ʟʘʦʙʠʹʫ 

ʘʢʪʠʚʠʨʘʥʝ ˂ʝʣʠʿʝ ʠʤʫʥʦʛ ʩʠʩʪʝʤʘ ʠ ʜʘ ʩʝ ʧʨʝʥʝʩʫ ʫ ʜʨʫʛʘ ʪʢʠʚʘ ʛʜʝ ʬʦʨʤʠʨʘʿʫ ʤʝʪʘʩʪʘʟʝ 

- ʩʝʢʫʥʜʘʨʥʝ ʪʫʤʦʨʝ. 

 

ʅʘʚʝʜʝʥʠʤ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʤʘʣʠʛʥʦʛ ʪʫʤʦʨʘ, ʥʘʧʨʝʜʦʚʘˁʝʤ ʥʘʫʢʝ ʫ ʦʚʦʤ ʧʦˀʫ, 

ʧʨʠʜʦʜʘʿʫ ʩʝ ʥʦʚʘ ʦʙʝʣʝʞʿʘ ʯʠʿʝ ʙʠ ʜʝʪʘˀʥʠʿʝ ʧʦʟʥʘʚʘˁʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʢʦʨʠʩʪʠʣʦ ʢʘʦ 

ʩʨʝʜʩʪʚʦ ʟʘ ʧʦʙʦˀʰʘˁʝ ʪʝʨʘʧʠʿʩʢʦʛ ʠʩʭʦʜʘ. ʅʝʢʘ ʦʜ ʥʦʚʠʭ ʦʙʝʣʝʞʿʘ ʩʝ ʦʜʥʦʩʝ ʥʘ ʧʦʚʝ˂ʘˁʝ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʠ ʦʩʠʛʫʨʘʚʘˁʝ ʦʧʩʪʘʥʢʘ ʪʫʤʦʨʩʢʝ ˂ʝʣʠʿʝ ʧʨʝʢʦ ˁʝʥʝ 

ʠʪʝʨʘʢʮʠʿʝ ʩʘ ʤʠʢʨʦʦʢʨʫʞʝˁʝʤ (ʪʨʘʥʩʜʠʬʝʨʝʥʮʠʿʘʮʠʿʘ ʠ ʝʧʠʛʝʥʝʪʩʢʘ ʜʠʩʨʝʛʫʣʘʮʠʿʘ, 
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ʠʟʤʝˁʝʥ ʤʠʢʨʦʙʠʦʤ ʠ ʠʟʤʝˁʝʥʘ ʥʝʫʨʦʥʩʢʘ ʩʠʛʥʘʣʠʟʘʮʠʿʘ) (Senga ʠ Grose, 2021; Hanahan, 

2022). ʆʙʝʣʝʞʿʘ ʤʘʣʠʛʥʠʭ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʩʘ ʥʘʿʩʢʦʨʠʿʝ ʦʪʢʨʠʚʝʥʠʤ ʦʧʠʩʘʥʠʤ 

ʢʘʨʘʢʪʝʨʠʩʪʠʢʘʤʘ ʧʨʠʢʘʟʘʥʠ ʩʫ ʥʘ ʉʣʠʮʠ 1. 

 

 
 

ʉʣʠʢʘ 1. ʂʘʨʘʢʪʝʨʠʩʪʠʢʝ ʤʘʣʠʛʥʠʭ ʪʫʤʦʨʘ (ʤʦʜʠʬʠʢʦʚʘʥʦ ʠʟ Hanahan, 2022) 

 

ɺʝʰʪʦ ʠʟʙʝʛʘʚʘˁʝ ʠ ʩʧʦʩʦʙʥʦʩʪ ʤʦʜʠʬʠʢʘʮʠʿʝ ʦʚʠʭ ʧʨʦʮʝʩʘ ʦʜ ʩʪʨʘʥʝ ʪʫʤʦʨʩʢʠʭ 

˂ʝʣʠʿʘ ʧʦʩʣʝʜʠʯʥʦ ʜʦʚʦʜʠ ʜʦ ʬʦʨʤʠʨʘˁʘ ʥʝʦʧʣʘʩʪʠʯʥʝ (ʪʫʤʦʨʩʢʝ) ʤʘʩʝ. ʇʨʚʠ ʢʦʨʘʢ 

ʤʘʣʠʛʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ˂ʝʣʠʿʝ ʿʝ ʠʥʠʮʠʿʘʮʠʿʘ ʪʫʤʦʨʘ ʪʦʢʦʤ ʢʦʛʘ ʢʘʥʮʝʨʦʛʝʥ ʫʟʨʦʢʫʿʝ 

ʦʰʪʝ˂ʝˁʘ ʛʝʥʝʪʩʢʦʛ ʤʘʪʝʨʠʿʘʣʘ ʥʦʨʤʘʣʥʝ ˂ ʝʣʠʿʝ. ʆʚʝ ʧʨʦʤʝʥʝ ʩʫ ʠʨʝʚʝʨʟʠʙʠʣʥʦʛ ʢʘʨʘʢʪʝʨʘ 

ʜʦʢ ʩʫ ʨʘʩʪ ʠ ʜʝʦʙʘ ˂ʝʣʠʿʘ ʿʦʰ ʫʚʝʢ ʦʧʪʠʤʘʣʥʦ ʨʝʛʫʣʠʩʘʥʠ. ɼʘˀʝ ʛʝʥʩʢʝ ʠ ʤʦʣʝʢʫʣʘʨʥʝ 

ʧʨʦʤʝʥʝ ʫ ʠʥʠʮʠʨʘʥʦʿ ˂ʝʣʠʿʠ ʜʦʚʦʜʝ ʜʦ ˁʝʥʦʛ ʠʥʪʝʥʟʠʚʥʦʛ ʨʘʩʪʘ ʠ ʨʘʟʚʦʿʘ ʠ ʜʦ ʬʦʨʤʠʨʘˁʘ 

ʪʫʤʦʨʩʢʝ ʣʝʟʠʿʝ (ʭʠʧʝʨʧʣʘʟʠʿʝ, ʜʠʩʧʣʘʟʠʿʝ, ʪʫʤʦʨʘ in situ). ʆʚʘ ʬʘʟʘ ʦʟʥʘʯʝʥʘ ʿʝ ʢʘʦ ʬʘʟʘ 

ʧʨʦʤʦʮʠʿʝ ʪʫʤʦʨʘ. ʇʨʦʛʨʝʩʠʚʥʘ ʬʘʟʘ (ʬʦʨʤʠʨʘˁʝ ʤʘʣʠʛʥʦʛ ʪʫʤʦʨʘ) ʥʘʩʪʫʧʘ ʥʘʢʦʥ ʜʦʜʘʪʥʝ 

ʘʢʫʤʫʣʘʮʠʿʝ ʛʝʥʝʪʩʢʠʭ ʠ ʝʧʠʛʝʥʝʪʩʢʠʭ ʤʦʜʠʬʠʢʘʮʠʿʘ ʰʪʦ ʜʦʚʦʜʠ ʜʦ ʘʛʨʝʩʠʚʥʠʿʝʛ ʨʘʟʚʦʿʘ 

ʪʫʤʦʨʘ, ʩʪʠʮʘˁʘ ʩʧʦʩʦʙʥʦʩʪʠ ʠʥʚʘʟʠʿʝ ʦʢʦʣʥʦʛ ʪʢʠʚʘ, ʢʘʦ ʠ ʤʝʪʘʩʪʘʟʠʨʘˁʘ ʫʩʣʝʜ 

ʧʨʦʜʠʨʘˁʘ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʫ ʢʨʚʦʪʦʢ ʠ ʣʠʤʬʦʪʦʢ (ʉʣʠʢʘ 2) (Botelho ʠ ʩʘʨ., 2014; Klaunig, 

2018; Stewart, 2019).      
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ʉʣʠʢʘ 2. ʈʘʟʚʦʿʥʝ ʬʘʟʝ ʝʧʠʪʝʣʥʦʛ ʤʘʣʠʛʥʦʛ ʪʫʤʦʨʘ ʠ ʤʝʭʘʥʠʟʘʤ ʤʝʪʘʩʪʘʟʠʨʘˁʘ (ʤʦʜʠʬʠʢʦʚʘʥʦ ʠʟ Kanwal, 

2013) ʍʠʧʝʨʧʣʘʟʠʿʘ - ʄʫʪʠʨʘʥʘ ˂ʝʣʠʿʘ ʠ ˁʝʥʠ ʢʣʦʥʦʚʠ ʠ ʜʘˀʝ ʠʤʘʿʫ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʥʦʨʤʘʣʥʝ ˂ʝʣʠʿʝ, ʘʣʠ 

ʠʤ ʩʝ ʧʦʚʝ˂ʘʚʘ ʧʨʦʣʠʬʝʨʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ. ʅʘʢʦʥ ʦʜʨʝʹʝʥʦʛ ʚʨʝʤʝʥʘ ʿʝʜʥʘ ʫ ʤʠʣʠʦʥ ʦʚʠʭ ˂ʝʣʠʿʘ ʪʨʧʠ ʿʦʰ 

ʿʝʜʥʫ ʤʫʪʘʮʠʿʫ ʢʦʿʘ ʜʦʚʦʜʠ ʜʦ ʩʫʧʨʝʩʠʿʝ ʢʦʥʪʨʦʣʝ ʨʘʩʪʘ; ɼʠʩʧʣʘʟʠʿʘ - ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʿ ʧʨʦʣʠʬʝʨʘʮʠʿʠ ˂ʝʣʠʿʘ 

ʧʨʠʜʨʫʞʫʿʝ ʩʝ ʠ ʛʫʙʠʪʘʢ ʥʦʨʤʘʣʥʝ ʤʦʨʬʦʣʦʰʢʝ ʩʪʫʢʪʫʨʝ ˂ʝʣʠʿʘ ʢʘʦ ʠ ˁʝʥʝ ʦʨʠʿʝʥʪʘʮʠʿʝ; ʊʫʤʦʨ in situ - 

ʜʘˀʦʤ ʘʢʫʤʫʣʘʮʠʿʦʤ ʤʫʪʘʮʠʿʘ, ˂ʝʣʠʿʝ ʧʦʩʪʘʿʫ ʩʚʝ ʚʠʰʝ ʘʙʥʦʨʤʘʣʥʝ ʫ ʜʠʥʘʤʠʮʠ ʨʘʩʪʘ ʠ ʠʟʛʣʝʜʫ. ʋʢʦʣʠʢʦ 

ʪʘʢʚʝ ˂ʝʣʠʿʝ ʦʩʪʘʥʫ ʦʛʨʘʥʠʯʝʥʝ ʦʢʦʣʥʠʤ ʪʢʠʚʦʤ ʬʦʨʤʠʨʘ ʩʝ ʪʫʤʦʨ in situ; ʄʘʣʠʛʥʠ ʪʫʤʦʨ - ʜʦʜʘʪʥʠʤ 

ʛʝʥʝʪʩʢʠʤ ʧʨʦʤʝʥʘʤʘ ʪʫʤʦʨʩʢʝ ˂ʝʣʠʿʝ ʟʘʧʦʯʠˁʫ ʠʥʚʘʟʠʿʫ ʦʢʦʣʥʦʛ ʪʢʠʚʘ, ʧʨʦʜʠʨʫ ʫ ʢʨʚ ʠ ʣʠʤʬʫ ʯʠʤʝ ʩʪʠʯʫ 

ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʥʦʰʝˁʘ ʥʘ ʜʨʫʛʝ ʦʨʛʘʥʝ ʠ ʬʦʨʤʠʨʘˁʘ ʤʝʪʘʩʪʘʟʘ ʰʠʨʦʤ ʪʝʣʘ. 

 

 

1.1. ʊʫʤʦʨ ʜʦʿʢʝ 

 

ʊʫʤʦʨ ʜʦʿʢʝ ʿʝ ʥʘʿʯʝʰ˂ʝ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘʥ ʤʘʣʠʛʥʠ ʪʫʤʦʨ ʘ ʫʿʝʜʥʦ ʠ ʚʦʜʝ˂ʠ ʫʟʨʦʯʥʠʢ 

ʩʤʨʪʥʦʩʪʠ ʫʟʨʦʢʦʚʘʥʝ ʤʘʣʠʛʥʠʪʝʪʦʤ ʢʦʜ ʞʝʥʘ ʰʠʨʦʤ ʩʚʝʪʘ. ɿʥʘʯʘʿʥʝ ʚʘʨʠʿʘʮʠʿʝ ʫ 

ʜʠʩʪʨʠʙʫʮʠʿʠ ʦʚʝ ʙʦʣʝʩʪʠ ʫ ʨʘʟʣʠʯʠʪʠʤ ʜʝʣʦʚʠʤʘ ʩʚʝʪʘ, ʢʘʦ ʠ ʫ ʩʤʨʪʥʦʤ ʠʩʭʦʜʫ ʠ ʩʪʦʧʠ 

ʧʨʝʞʠʚˀʘʚʘˁʘ, ʤʦʛʫ ʙʠʪʠ ʟʘʚʠʩʥʝ ʦʜ ʩʪʨʫʢʪʫʨʝ ʩʪʘʥʦʚʥʠʰʪʚʘ, ʥʘʯʠʥʘ ʞʠʚʦʪʘ, ʛʝʥʝʪʩʢʠʭ 

ʬʘʢʪʦʨʘ ʠ ʦʢʨʫʞʝˁʘ. ʋ ʨʘʟʚʠʿʝʥʠʤ ʟʝʤˀʘʤʘ ʫʩʣʝʜ ʧʦʙʦˀʰʘˁʘ ʪʝʨʘʧʠʿʘ, ʩʪʦʧʘ ʩʤʨʪʥʦʩʪʠ 

ʦʜ ʤʘʣʠʛʥʦʛ ʪʫʤʦʨʘ ʜʦʿʢʝ ʠʤʘ ʪʝʥʜʝʥʮʠʿʫ ʦʧʘʜʘˁʘ. Mʝʹʫʪʠʤ, ʠʥʮʠʜʝʥʮʘ ʦʚʝ ʙʦʣʝʩʪʠ ʿʝ ʠ 

ʜʘˀʝ ʫ ʧʦʨʘʩʪʫ, ʰʪʦ ʩʝ ʤʦʞʝ ʧʨʠʧʠʩʘʪʠ ʧʨʠʤʝʥʠ ʧʨʦʛʨʘʤʘ ʩʢʨʠʥʠʥʛʘ ʟʘ ʨʘʥʦ ʜʝʪʝʢʪʦʚʘˁʝ 

ʘʩʠʤʧʪʦʤʘʪʩʢʝ ʙʦʣʝʩʪʠ. ʇʨʝʪʝʞʥʦ ʩʝ ʤʘʥʠʬʝʩʪʫʿʝ ʢʦʜ ʞʝʥʘ ʫ ʩʪʘʨʦʩʦʿ ʜʦʙʠ ʠʟʥʘʜ 50 

ʛʦʜʠʥʘ, ʜʦʢ ʿʝ ʨʘʟʚʦʿ ʪʫʤʦʨʘ ʫ ʤʣʘʹʦʿ ʧʦʧʫʣʘʮʠʿʠ ʨʝʣʘʪʠʚʥʦ ʥʠʟʘʢ (Momenimovahed ʠ 

Salehiniya, 2019; Britt ʠ ʩʘʨ., 2020). ʇʦʚʝ˂ʘʥ ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʪʫʤʦʨʘ ʜʦʿʢʝ ʫ ʤʣʘʹʠʤ 

ʛʦʜʠʥʘʤʘ ʧʦʚʝʟʘʥ ʿʝ ʩʘ ʨʘʥʦʤ ʧʦʿʘʚʦʤ ʤʝʥʘʨʭʝ ʜʦʢ ʿʝ ʫ ʩʪʘʨʠʿʠʤ ʛʦʜʠʥʘʤʘ ʧʦʚʝʟʘʥ ʩʘ ʢʘʩʥʦʤ 

ʤʝʥʦʧʘʫʟʦʤ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʨʘʹʘˁʝʤ ʜʝʮʝ ʜʦ ʦʜʨʝʹʝʥʝ ʩʪʘʨʦʩʥʝ ʜʦʙʠ, ʢʘʦ ʠ ʜʦʿʝˁʝʤ ʜʝʮʝ, 

ʨʠʟʠʢ ʦʜ ʥʘʩʪʘʥʢʘ ʪʫʤʦʨʘ ʜʦʿʢʝ ʩʝ ʩʤʘˁʫʿʝ (ʢʦʜ ʞʝʥʘ ʢʦʿʝ ʥʠʩʫ ʨʘʹʘʣʝ, ʠʣʠ ʨʘʹʘʿʫ ʫ ʢʘʩʥʠʿʠʤ 

ʛʦʜʠʥʘʤʘ, ʠʣʠ ʥʠʩʫ ʜʦʿʠʣʝ, ʦʚʘʿ ʨʠʟʠʢ ʿʝ ʧʦʚʝ˂ʘʥ). ʋʧʦʪʨʝʙʘ ʝʛʟʦʛʝʥʠʭ ʞʝʥʩʢʠʭ ʭʦʨʤʦʥʘ 

ʢʘʦ ʢʦʥʪʨʘʮʝʧʪʠʚʥʠʭ ʩʨʝʜʩʪʘʚʘ ʠ ʭʦʨʤʦʥʩʢʝ ʪʝʨʘʧʠʿʝ ʫ ʤʝʥʦʧʘʫʟʠ ʪʘʢʦʹʝ ʤʦʞʝ ʜʦʧʨʠʥʝʪʠ 

ʨʘʟʚʦʿʫ ʪʫʤʦʨʘ ʜʦʿʢʝ. ʌʘʢʪʦʨʠ ʢʦʿʠ ʥʠʩʫ ʧʦʚʝʟʘʥʠ ʩʘ ʨʝʧʨʦʜʫʢʮʠʿʦʤ ʘ ʧʦʚʝ˂ʘʚʘʿʫ ʨʠʟʠʢ ʦʜ 

ʥʘʩʪʘʥʢʘ ʪʫʤʦʨʘ ʜʦʿʢʝ ʩʫ ʩʪʘʨʦʩʪ, ʛʦʿʘʟʥʦʩʪ, ʩʪʠʣ ʞʠʚʦʪʘ ʠ ʣʦʰʘ ʠʩʭʨʘʥʘ, ʧʨʝʢʦʤʝʨʥʦ 

ʠʟʣʘʛʘˁʝ ʟʨʘʯʝˁʫ, ʧʦʚʝ˂ʘʥʘ ʢʦʥʟʫʤʘʮʠʿʘ ʘʣʢʦʭʦʣʘ, ʧʫʰʝˁʝ, ʩʤʘˁʝʥʘ ʬʠʟʠʯʢʘ ʘʢʪʠʚʥʦʩʪ, 

ʢʘʦ ʠ ʣʦʰʘ ʠʥʬʦʨʤʠʩʘʥʦʩʪ ʦ ʧʨʝʚʝʥʪʠʚʠ ʠ ʥʝʨʝʜʦʚʥʠ ʧʨʝʛʣʝʜʠ. ʅʘʚʝʜʝʥʠ ʬʘʢʪʦʨʠ ʨʠʟʠʢʘ 

ʜʦʧʨʠʥʦʩʝ ʨʘʟʚʦʿʫ ʧʨʠʙʣʠʞʥʦ 4% ʦʜ ʫʢʫʧʥʦ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘʥʠʭ ʪʫʤʦʨʘ ʜʦʿʢʝ, ʜʦʢ ʩʝ 5-10% 
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ʪʫʤʦʨʘ ʜʦʿʢʝ ʨʘʟʚʠʿʘ ʢʦʜ ʞʝʥʘ ʩʘ ʛʝʥʝʪʩʢʦʤ ʧʨʝʜʠʩʧʦʟʠʮʠʿʦʤ ʠʣʠ ʥʘʩʣʝʜʥʠʤ ʧʨʝʥʦʰʝˁʝʤ 

ʤʫʪʠʨʘʥʠʭ BRCA1, BRCA2 ʠ PALB-2 ʪʫʤʦʨ ʩʫʧʨʝʩʦʨ ʛʝʥʘ ʥʘ ʩʣʝʜʝ˂ʝ ʛʝʥʝʨʘʮʠʿʝ (Britt ʠ ʩʘʨ., 

2020; WHO, 2021; Wilkinson ʠ Gathani, 2022). ʋʩʧʝʰʥʦ ʩʤʘˁʝˁʝ ʠʥʮʠʜʝʥʮʝ ʠ ʤʦʨʪʘʣʠʪʝʪʘ 

ʤʦʛʫ˂ʝ ʿʝ ʧʦʩʪʠ˂ʠ ʢʦʨʠʛʦʚʘˁʝʤ ʬʘʢʪʦʨʘ ʢʦʿʠ ʜʦʧʨʠʥʦʩʝ ʨʠʟʠʢʫ ʥʘʩʪʘʥʢʘ ʦʚʝ ʙʦʣʝʩʪʠ ʠ 

ʧʨʝʚʝʥʪʠʚʥʦʤ ʩʪʨʘʪʝʛʠʿʦʤ ʢʦʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʫʧʦʪʨʝʙʫ ʨʘʟʣʠʯʠʪʠʭ ʤʝʜʠʢʘʤʝʥʘʪʘ, 

ʧʨʠʨʦʜʥʠʭ ʜʝʨʠʚʘʪʘ, ʚʠʪʘʤʠʥʘ ʠ ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ (Britt ʠ ʩʘʨ., 2020).   

ʇʨʝʤʘ ʧʦʜʘʮʠʤʘ ʉʚʝʪʩʢʝ ʟʜʨʘʚʩʪʚʝʥʝ ʦʨʛʘʥʠʟʘʮʠʿʝ (ʝʥʛʣ. World Health Organization - 

WHO) ʫ 2020. ʛʦʜʠʥʠ ʪʫʤʦʨ ʜʦʿʢʝ ʿʝ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘʥ ʢʦʜ 2.3 ʤʠʣʠʦʥʘ, ʜʦʢ ʿʝ ʢʦʜ 685 000 

ʞʝʥʘ ʰʠʨʦʤ ʩʚʝʪʘ ʦʚʘ ʙʦʣʝʩʪ ʠʤʘʣʘ ʣʝʪʘʣʘʥ ʠʩʭʦʜ. ʉʢʦʨʦ ʜʚʝ ʪʨʝ˂ʠʥʝ ʦʜ ʫʢʫʧʥʦ  

ʟʘʙʝʣʝʞʝʥʠʭ ʩʤʨʪʥʠʭ ʩʣʫʯʘʿʝʚʘ ʨʝʛʠʩʪʨʦʚʘʥʦ ʿʝ ʫ ʩʣʘʙʠʿʝ ʨʘʟʚʠʿʝʥʠʤ ʨʝʛʠʦʥʠʤʘ, ʜʦʢ ʿʝ 

ʧʨʦʮʝʥʘʪ ʧʨʝʞʠʚˀʘʚʘˁʘ ʞʝʥʘ ʠʟ ʨʘʟʚʠʿʝʥʠʭ ʨʝʛʠʦʥʘ ʧʨʠʙʣʠʞʥʦ 80. ɺʠʩʦʢ ʧʨʦʮʝʥʘʪ 

ʠʟʣʝʯʝˁʘ ʧʨʠʧʠʩʫʿʝ ʩʝ ʨʘʥʦʿ ʜʠʿʘʛʥʦʩʪʠʮʠ ʠ ʝʬʠʢʘʩʥʠʿʠʤ ʪʨʝʪʤʘʥʠʤʘ. ɿʘʢˀʫʯʥʦ ʩʘ 2020. 

ʛʦʜʠʥʦʤ, ʥʘ ʦʩʥʦʚʫ ʧʦʧʠʩʘ ʩʧʨʦʚʝʜʝʥʠʤ ʥʘ ʧʝʪʦʛʦʜʠʰˁʝʤ ʥʠʚʦʫ, ʙʨʦʿ ʦʙʦʣʝʣʠʭ ʞʝʥʘ ʿʝ 

ʙʠʦ 7.8 ʤʠʣʠʦʥʘ (WHO, 2021; Wilkinson ʠ Gathani, 2022).  

ʂʘʦ ʠ ʢʦʜ ʩʚʠʭ ʪʫʤʦʨʘ, ʧʨʠʤʘʨʥʘ ʬʘʟʘ (ʠʥʠʮʠʿʘʮʠʿʘ) ʨʘʟʚʦʿʘ ʪʫʤʦʨʘ ʜʦʿʢʝ ʿʝ 

ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʿʝʜʥʝ ʝʧʠʪʝʣʥʝ ʠʣʠ ʣʦʙʫʣʘʨʥʝ ˂ʝʣʠʿʝ ʞʣʝʟʜʘʥʦʛ ʪʢʠʚʘ. ɼʘˀʘ ʨʘʟʚʦʿʥʘ ʬʘʟʘ 

ʪʫʤʦʨʘ (ʧʨʦʤʦʮʠʿʘ) ʫʛʣʘʚʥʦʤ ʿʝ ʧʨʘ˂ʝʥʘ ʬʦʨʤʠʨʘˁʝʤ ʪʫʤʦʨʘ in situ ʢʦʿʠ ʿʝ ʣʦʢʘʣʠʟʦʚʘʥ ʫ 

ʢʘʥʘʣʫ ʠʣʠ ʣʦʙʫʣʫ, ʤʝʹʫʪʠʤ, ʫʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ʜʦʜʘʪʥʠʭ ʤʫʪʘʮʠʿʘ, ʤʦʞʝ ʩʝ ʨʘʟʚʠʪʠ 

ʠʥʚʘʟʠʚʥʠ ʜʫʢʪʘʣʥʠ ʠʣʠ ʠʥʚʘʟʠʚʥʠ ʣʦʙʫʣʘʨʥʠ ʢʘʨʮʠʥʦʤ. ʊʦʢʦʤ ʬʠʥʘʣʥʝ ʬʘʟʝ ʨʘʟʚʦʿʘ 

(ʧʨʦʛʨʝʩʠʿʘ) ʤʘʣʠʛʥʝ ʪʫʤʦʨʩʢʝ ˂ʝʣʠʿʝ ʩʪʠʯʫ ʠʥʪʝʥʟʠʚʘʥ ʤʝʪʘʩʪʘʪʩʢʠ ʧʦʪʝʥʮʠʿʘʣ ʧʦʤʦ˂ʫ 

ʢʦʛʘ ʩʝ ʜʠʩʝʤʠʥʫʿʫ, ʧʨʝ ʩʚʝʛʘ ʥʘ ʦʢʦʣʥʝ ʣʠʤʬʥʝ ʯʚʦʨʦʚʝ (ʣʦʢʘʣʥʝ ʤʝʪʘʩʪʘʟʝ), ʘ ʢʘʩʥʠʿʝ ʠ ʥʘ 

ʜʨʫʛʝ ʦʨʛʘʥʝ (ʫʜʘˀʝʥʝ ʤʝʪʘʩʪʘʟʝ), ʫʛʣʘʚʥʦʤ ʜʦʚʦʜʝ˂ʠ ʜʦ ʩʤʨʪʥʦʛ ʠʩʭʦʜʘ (Britt ʠ ʩʘʨ., 2020). 

ʋ ʦʩʥʦʚʠ ʧʘʪʦʛʝʥʝʟʝ ʤʘʣʠʛʥʦʛ ʪʫʤʦʨʘ ʜʦʿʢʝ, ʫ ʧʨʠʙʣʠʞʥʦ 70% ʠʥʚʘʟʠʚʥʠʭ ʪʫʤʦʨʘ ʜʦʿʢʝ, 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʝʢʩʧʨʝʩʠʿʘ ʝʩʪʨʦʛʝʥ ʟʘʚʠʩʥʠʭ (ʝʥʛʣ. Estrogen receptor - ER (ERŬ ʠ ERɓ)) ʠ 

ʧʨʦʛʝʩʪʝʨʦʥ ʟʘʚʠʩʥʠʭ (ʝʥʛʣ. Progesteron receptor - PR) ʨʝʮʝʧʪʦʨʘ. ɺʝʟʠʚʘˁʝʤ ʝʩʪʨʦʛʝʥʘ ʟʘ 

ERŬ ʠʥʠʮʠʨʘ ʩʝ ʨʘʩʪ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʫʩʣʝʜ ʘʢʪʠʚʘʮʠʿʝ ʦʥʢʦʛʝʥʘ. ʊʫʤʦʨʠ ʩʘ ʧʦʟʠʪʠʚʥʦʤ 

ʝʢʩʧʨʝʩʠʿʦʤ ʧʦʤʝʥʫʪʠʭ ERŬ ʨʝʮʝʧʪʦʨʘ ʢʘʪʝʛʦʨʠʩʘʥʠ ʩʫ ʢʘʦ ʭʦʨʤʦʥ ʨʝʮʝʧʪʦʨ ʧʦʟʠʪʠʚʥʠ 

ʪʫʤʦʨʠ (HR+). ʅʘ ʦʩʥʦʚʫ ʦʚʦʛ ʤʝʭʘʥʠʟʤʘ ʜʝʣʦʚʘˁʘ ʟʘʩʥʦʚʘʥʘ ʿʝ ʠ ʧʨʠʤʘʨʥʘ ʩʠʩʪʝʤʩʢʘ 

ʪʝʨʘʧʠʿʘ ʙʘʟʠʨʘʥʘ ʥʘ ʫʧʦʪʨʝʙʠ ʝʥʜʦʢʨʠʥʠʭ ʘʛʝʥʘʩʘ ʢʦʿʠ ʜʝʛʨʘʜʘʮʠʿʦʤ ER ʨʝʮʝʧʪʦʨʘ ʠʣʠ 

ʤʦʜʫʣʘʮʠʿʦʤ ʧʨʦʜʫʢʮʠʿʝ ʝʩʪʨʦʛʝʥʘ ʙʣʦʢʠʨʘʿʫ ʘʢʪʠʚʘʮʠʿʫ ʦʥʢʦʛʝʥʘ. ʆʢʦ 20% ʠʥʚʘʟʠʚʥʠʭ 

ʪʫʤʦʨʘ ʜʦʿʢʝ ʧʨʠʧʘʜʘ ʪʠʧʫ ʪʫʤʦʨʘ ʧʦʟʠʪʠʚʥʠʭ ʥʘ ʝʧʠʜʝʨʤʘʣʥʠ ʬʘʢʪʦʨ ʨʘʩʪʘ (ʝʥʛʣ. Human 

Epidermal Growth Factor Receptor - 2HER2), ʪʨʘʥʩʤʝʤʙʨʘʥʩʢʠ ʨʝʮʝʧʪʦʨ ʪʠʨʦʟʠʥ-ʢʠʥʘʟʝ, 

ʦʜʛʦʚʦʨʘʥ ʟʘ ʪʨʘʥʩʜʫʢʮʠʿʫ ʩʠʛʥʘʣʘ ʠ ʨʝʛʫʣʘʮʠʿʫ ˂ʝʣʠʿʩʢʝ ʘʢʪʠʚʥʦʩʪʠ. ɳʝʛʦʚʘ ʝʢʩʧʨʝʩʠʿʘ ʿʝ 

ʫ ʪʫʤʦʨʩʢʠʤ ˂ʝʣʠʿʘʤʘ ʧʦʿʘʯʘʥʘ, ʪʝ ʩʫ ʩʪʦʛʘ ʫ ʪʝʨʘʧʠʿʠ ʦʚʦʛ ʪʠʧʘ ʪʫʤʦʨʘ ʫʢˀʫʯʝʥʠ 

ʠʥʭʠʙʠʪʦʨʠ ʪʠʨʦʟʠʥ-ʢʠʥʘʟʝ. ʇʦʩʪʦʿʝ ʠ ʪʫʤʦʨʠ ʩʘ ʧʦʟʠʪʠʚʥʦʤ ʝʢʩʧʨʝʩʠʿʦʤ ʩʚʘ ʪʨʠ 

ʨʝʮʝʧʪʦʨʘ (ER+ PR+ HER2+). ʅʘʿʨʝʹʠ (ʜʦ 15% ʠʥʚʘʟʠʚʥʠʭ ʪʫʤʦʨʘ), ʘʣʠ ʠ ʥʘʿʘʛʨʝʩʠʚʥʠʿʠ 

ʪʠʧ ʪʫʤʦʨʘ ʜʦʿʢʝ ʩʘ ʚʠʩʦʢʠʤ ʨʠʟʠʢʦʤ ʦʜ ʧʦʿʘʚʝ ʫʜʘˀʝʥʠʭ ʨʝʮʠʜʠʚʘ, ʿʝ ʪʨʦʩʪʨʫʢʦ-ʥʝʛʘʪʠʚʘʥ 

(ʝʥʛʣ. Triple-Negative) ʪʫʤʦʨ ʜʦʿʢʝ, ʢʦʿʠ ʢʘʨʘʢʪʝʨʠʰʝ ʥʝʜʦʩʪʘʪʘʢ ʝʢʩʧʨʝʩʠʿʝ ʝʩʪʨʦʛʝʥʩʢʠʭ ʠ 

ʧʨʦʛʝʩʪʝʨʦʥʩʢʠʭ ʨʝʮʝʧʪʦʨʘ ʢʘʦ ʠ ʝʧʠʜʝʨʤʘʣʥʦʛ ʬʘʢʪʦʨʘ ʨʘʩʪʘ (Waks ʠ Winer, 2019; Kumar 

ʠ ʩʘʨ., 2022).  

ʈʘʥʘ ʜʝʪʝʢʮʠʿʘ ʙʦʣʝʩʪʠ ʚʦʜʠ ʢʘ ʝʬʠʢʘʩʥʦʤ ʣʝʯʝˁʫ ʢʦʿʝ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʩʪʘʜʠʿʫʤʘ 

ʪʫʤʦʨʘ ʩʧʨʦʚʦʜʠ ʥʘ ʚʠʰʝ ʥʘʯʠʥʘ. ʅʘʿʯʝʰ˂ʘ ʪʝʨʘʧʠʿʘ ʿʝ ʭʠʨʫʨʰʢʦ ʣʦʢʘʣʠʟʦʚʘʥʦ 

ʦʜʩʪʨʘˁʠʚʘˁʝ ʪʫʤʦʨʩʢʝ ʧʨʦʤʝʥʝ ʠʣʠ ʤʘʩʝʢʪʦʤʠʿʘ, ʫʢʦʣʠʢʦ ʿʝ ʪʫʤʦʨ ʫ ʦʜʤʘʢʣʦʿ ʨʘʟʚʦʿʥʦʿ 

ʬʘʟʠ, ʥʘʢʦʥ ʢʦʿʠʭ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʧʘʪʦʭʠʩʪʦʣʦʰʢʦʛ ʥʘʣʘʟʘ, ʩʪʝʧʝʥʘ ʧʨʦʰʠʨʝʥʦʩʪʠ 

ʙʦʣʝʩʪʠ ʠ ʧʨʠʩʫʩʪʚʘ ʭʦʨʤʦʥʩʢʠʭ ʨʝʮʝʧʪʦʨʘ, ʧʨʠʤʝˁʫʿʫ ʨʘʜʠʦʪʝʨʘʧʠʿʘ, ʭʝʤʦʪʝʨʘʧʠʿʘ, 

ʭʦʨʤʦʥʩʢʘ ʠ ʙʠʦʣʦʰʢʘ ʪʝʨʘʧʠʿʘ ʠʣʠ ˁʠʭʦʚʘ ʢʦʤʙʠʥʘʮʠʿʘ. 
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1.2. ʊʫʤʦʨ ʧʣʘʮʝʥʪʝ 

 

ʊʫʤʦʨ ʧʣʘʮʝʥʪʝ (ʭʦʨʠʦʢʘʨʮʠʥʦʤ) ʿʝ ʤʘʣʠʛʥʠ ʪʨʦʬʦʙʣʘʩʪʥʠ ʪʫʤʦʨ, ʥʘʿʘʛʨʝʩʠʚʥʠʿʠ 

ʦʙʣʠʢ ʛʝʩʪʘʮʠʿʩʢʝ ʪʨʦʬʦʙʣʘʩʪʥʝ ʙʦʣʝʩʪʠ (ʝʥʛʣ. Gestational trophoblast desease ï GTD) ʩʘ 

ʚʠʩʦʢʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ ʤʝʪʘʩʪʘʟʠʨʘˁʘ. ʅʘʩʪʘʿʝ ʫʩʣʝʜ ʘʙʥʦʨʤʘʣʥʦʛ ʨʘʩʪʘ ʪʨʦʬʦʙʣʘʩʪʘ  

(ʮʠʪʦʪʨʦʬʦʙʣʘʩʪʘ ʠ ʩʠʥʮʠʮʠʦʪʨʦʬʦʙʣʘʩʪʘ ʙʝʟ ʭʦʨʠʦʥʩʢʠʭ ʨʝʩʠʮʘ), ˂ʝʣʠʿʘ ʦʜʛʦʚʦʨʥʠʭ ʟʘ 

ʬʦʨʤʠʨʘˁʝ ʧʣʘʮʝʥʪʘʣʥʦʛ ʪʢʠʚʘ, ʘʜʝʢʚʘʪʥʫ ʠʤʧʣʘʪʘʮʠʿʫ ʝʤʙʨʠʦʥʘ ʫ ʟʠʜ ʫʪʝʨʫʩʘ ʠ 

ʩʥʘʙʜʝʚʘˁe ʝʙʨʠʦʥʘ ʢʠʩʝʦʥʠʢʦʤ ʠ ʭʨʘʥˀʠʚʠʤ ʤʘʪʝʨʠʿʘʤʘ. ʀʥʚʘʟʠʚʥʘ ʩʧʦʩʦʙʥʦʩʪ ʿʝ 

ʥʦʨʤʘʣʥʘ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʦʚʠʭ ˂ʝʣʠʿʘ, ʤʝʹʫʪʠʤ, ʫʩʣʝʜ ʥʘʩʪʘʣʠʭ ʤʫʪʘʮʠʿʘ ʜʦʣʘʟʠ ʜʦ 

ʥʝʢʦʥʪʨʦʣʠʩʘʥʝ ʜʝʦʙʝ ʠ ʨʘʩʪʘ ˂ʝʣʠʿʘ, ʘ ʪʠʤʝ ʠ ʜʦ ʨʘʟʚʦʿʘ ʭʠʧʝʨʧʣʘʟʠʿʘ ʠ ʘʥʘʧʣʘʟʠʿʘ ʢʦʿʝ ʩʝ 

ʥʘʿʯʝʰ˂ʝ ʜʝʰʘʚʘʿʫ ʥʘʢʦʥ ʭʠʜʘʪʠʜʠʬʦʨʤʥʦʛ ʤʣʘʜʝʞʘ - ʤʦʣʘʨʥʝ ʪʨʫʜʥʦ˂ʝ (ʥʝʤʘʣʠʛʥʠ ʦʙʣʠʢ 

GTD). ɸʙʥʦʨʤʘʣʘʥ ʨʘʩʪ ʦʚʠʭ ˂ʝʣʠʿʘ ʧʨʘ˂ʝʥ ʿʝ ʧʦʨʘʩʪʦʤ ʧʨʦʜʫʢʮʠʿʝ ʭʫʤʘʥʦʛ ʭʦʨʠʦʥʩʢʦʛ 

ʛʦʥʘʜʦʪʨʦʧʠʥʘ (hCG) ʯʠʿʘ ʿʝ ʧʦʚʝ˂ʘʥʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ ʦʜʥʦʩʫ ʥʘ ʨʝʬʝʨʝʥʪʥʝ ʚʨʝʜʥʦʩʪʠ 

ʦʚʦʛ ʭʦʨʤʦʥʘ ʪʦʢʦʤ ʟʜʨʘʚʝ ʪʨʫʜʥʦ˂ʝ ʿʝʜʘʥ ʦʜ ʤʘʨʢʝʨʘ ʟʘ ʜʠʿʘʛʥʦʩʪʠʢʦʚʘˁʝ ʠ ʧʨʘ˂ʝˁʝ 

ʧʨʦʛʨʝʩʠʿʝ ʧʣʘʮʝʥʪʘʣʥʦʛ ʪʫʤʦʨʘ. ɿʘʙʝʣʝʞʝʥʦ ʿʝ ʜʘ ʩʝ ʭʦʨʠʦʢʘʨʮʠʥʦʤ ʤʦʞʝ ʨʘʟʚʠʪʠ ʠ ʥʘʢʦʥ 

ʩʧʦʥʪʘʥʠʭ ʧʦʙʘʯʘʿʘ, ʚʘʥʤʘʪʝʨʠʯʥʝ ʪʨʫʜʥʦ˂ʝ, ʧʘ ʯʘʢ ʠ ʥʘʢʦʥ ʥʦʨʤʘʣʥʝ ʪʨʫʜʥʦ˂ʝ. ʆʚʘʿ ʪʫʤʦʨ 

ʢʘʨʘʢʪʝʨʠʰʝ ʢʨʚʘʨʝˁʝ ʠ ʥʝʢʨʦʟʘ ʟʘʭʚʘ˂ʝʥʦʛ ʪʢʠʚʘ ʢʦʿʠ ʨʝʤʝʪʝ ʙʠʦʧʩʠʿʫ ʠ ʭʠʩʪʦʣʦʰʢʝ 

ʘʥʘʣʠʟʝ ʪʢʠʚʘ. ɺʠʩʦʢʘ ʩʪʦʧʘ ʚʘʩʢʫʣʘʨʥʝ ʠʥʚʘʟʠʿʝ, ʦʙʝʟʙʝʹʫʿʝ ʙʨʟʦ ʭʝʤʘʪʦʛʝʥʦ ʰʠʨʝˁʝ 

ʤʝʪʘʩʪʘʟʘ ʭʦʨʠʦʢʘʨʮʠʥʦʤʘ ʜʦ ʧʣʫ˂ʘ, ʚʘʛʠʥʝ, ʿʝʪʨʝ ʠ ʤʦʟʛʘ. (Cheung ʠ ʩʘʨ., 2009; Coletta ʠ 

ʩʘʨ., 2018; Bishop ʠ Edemekong, 2022; Ngan ʠ ʩʘʨ., 2021; Yuseran ʠ ʩʘʨ., 2021). ʇʦʨʝʜ 

ʛʝʩʪʘʮʠʿʩʢʦʛ, ʭʦʨʠʦʢʘʨʮʠʥʦʤ ʤʦʞʝ ʙʠʪʠ ʠ ʥʝʛʝʩʪʘʮʠʿʩʢʦʛ ʧʦʨʝʢʣʘ. ʊʘʢʘʚ ʪʠʧ 

ʭʦʨʠʦʢʘʨʮʠʥʦʤʘ ʿʝ ʨʝʹʠ ʠ ʥʠʿʝ ʧʦʚʝʟʘʥ ʩʘ ʪʨʫʜʥʦ˂ʦʤ ʚʝ˂ ʥʘʩʪʘʿʝ ʦʜ ʧʣʫʨʠʧʦʪʝʥʪʥʠʭ 

ʛʝʨʤʠʥʘʪʠʚʥʠʭ ˂ʝʣʠʿʘ. ʀʘʢʦ ʠʟʫʟʝʪʥʦ ʨʝʪʢʦ, ʭʦʨʠʦʢʘʨʮʠʥʦʤ ʛʝʨʤʠʥʘʪʠʚʥʠʭ ˂ʝʣʠʿʘ ʩʝ ʤʦʞʝ 

ʨʘʟʚʠʪʠ ʠ ʢʦʜ ʤʫʰʢʘʨʘʮʘ. ʊʘʢʦʹʝ ʨʝʪʢʦ, ʢʦʜ ʩʪʘʨʠʿʠʭ ʧʘʮʠʿʝʥʘʪʘ ʭʦʨʠʦʢʘʨʮʠʥʦʤ ʩʝ ʤʦʞʝ 

ʿʘʚʠʪʠ ʫ ʧʘʨʝʥʭʠʤʩʢʠʤ ʦʨʛʘʥʠʤʘ, ʧʣʫ˂ʠʤʘ ʠ ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʦʤ ʪʨʘʢʪʫ, ʧʨʠʜʨʫʞʝʥ ʩʣʘʙʦ 

ʜʠʬʝʨʝʥʮʠʨʘʥʦʤ ʢʘʨʮʠʥʦʤʫ (Cheung ʠ ʩʘʨ., 2009; Bishop ʠ Edemekong, 2022). 

ʐʠʨʦʢʘ ʛʝʦʛʨʘʬʩʢʘ ʚʘʨʠʿʘʮʠʿʘ ʠʥʮʠʜʝʥʮʝ ʿʝ ʢʘʨʘʢʪʝʨʠʩʪʠʯʥʘ ʟʘ ʦʚʘʿ ʪʠʧ ʪʫʤʦʨʘ. 

ɿʘʧʨʘʚʦ, ʫ ʉʝʚʝʨʥʦʿ ɸʤʝʨʠʮʠ ʠ ɽʚʨʦʧʠ ʠʥʮʠʜʝʥʮʘ ʿʝ ʥʠʩʢʘ, ʪʫʤʦʨ ʧʣʘʮʝʥʪʝ ʩʝ ʨʘʟʚʠʿʘ ʫ 

ʿʝʜʥʦʿ ʦʜ 40000 ʪʨʫʜʥʦ˂ʘ, ʜʦʢ ʿʝ ʩʪʦʧʘ ʨʘʟʚʦʿʘ ʦʚʝ ʙʦʣʝʩʪʠ ʫ ɸʟʠʿʠ ʠ ɱʘʧʘʥʫ ʚʝ˂ʘ ʠ ʢʨʝ˂ʝ ʩʝ 

ʦʜ 3.3 ʜʦ 9.2 ʥʘ 40000 ʪʨʫʜʥʦ˂ʘ (Ngan ʠ ʩʘʨ., 2021).   

 ʇʘʪʦʛʝʥʝʟʘ ʪʫʤʦʨʘ ʧʣʘʮʝʥʪʝ ʥʠʿʝ ʫ ʧʦʪʧʫʥʦʩʪʠ ʨʘʟʿʘʰˁʝʥʘ. ʎʠʪʦʛʝʥʝʪʩʢʠʤ ʩʪʫʜʠʿʘʤʘ 

ʠʜʝʥʪʠʬʠʢʦʚʘʥʠ ʩʫ ʦʜʨʝʹʝʥʠ ʨʝʛʠʦʥʠ ʥʘ ʢʦʿʠʤʘ ʿʝ ʜʦʰʣʦ ʜʦ ʜʝʣʝʮʠʿʝ (7p12-7q11.2), 

ʘʤʧʣʠʬʠʢʘʮʠʿʝ (7q21-q31) ʠ/ʠʣʠ ʛʫʙʠʪʢʘ ʛʝʥʘ (8p12-p21) ʧʦʿʝʜʠʥʠʭ ʛʝʥʩʢʠʭ ʣʦʢʫʩʘ ʟʘ ʢʦʿʝ 

ʩʝ ʧʨʝʪʧʦʩʪʘʚˀʘ ʜʘ ʩʫ ʨʝʛʠʦʥʠ ʪʫʤʦʨ ʩʫʧʨʝʩʦʨʥʠʭ ʛʝʥʘ. ʃʠʪʝʨʘʪʫʨʥʠ ʧʦʜʘʮʠ ʫʢʘʟʫʿʫ ʥʘ 

ʩʧʝʮʠʬʠʯʥʫ ʜʝʨʝʛʫʣʘʮʠʿʫ ʝʢʩʧʨʝʩʠʿʝ ʪʫʤʦʨ ʩʫʧʨʝʩʦʨ ʛʝʥʘ ʫ ˂ʝʣʠʿʘʤʘ ʧʣʘʮʝʥʪʘʣʥʦʛ ʪʫʤʦʨʘ. 

ɿʘʙʝʣʝʞʝʥʘ ʿʝ ʧʦʚʝ˂ʘʥʘ ʝʢʩʧʨʝʩʠʿʘ p53, p21 ʠ RB1 ʪʫʤʦʨ ʩʫʧʨʝʩʦʨ ʛʝʥʘ, ʢʦʿʘ ʩʝ ʦʙʿʘʰˁʘʚʘ 

ʢʘʦ ʩʧʦʩʦʙʥʦʩʪ ˂ʝʣʠʿʘ ʭʦʨʠʦʢʘʨʮʠʥʦʤʘ ʜʘ ʚʨʰʝ ʘʫʪʦʨʝʛʫʣʘʮʠʿʫ ʧʨʝʢʦʤʝʨʥʦʛ ʨʘʩʪʘ ʠ 

ʧʦʨʝʤʝ˂ʝʥʦʛ ˂ʝʣʠʿʩʢʦʛ ʮʠʢʣʫʩʘ, ʨʝʧʘʨʘʮʠʿʫ ʦʰʪʝ˂ʝʥʝ ɼʅʂ ʠ ʩʫʧʨʝʩʠʿʫ ʦʥʢʦʛʝʥʘ, ʜʦʢ ʿʝ ʩʘ 

ʜʨʫʛʝ ʩʪʨʘʥʝ ʝʢʩʧʨʝʩʠʿʘ ʜʨʫʛʠʭ ʪʫʤʦʨ ʩʫʧʨʝʩʦʨ ʛʝʥʘ ʩʤʘˁʝʥʘ (DOC-2/hDab2, Maspin, 

NECC1, ʢʘʩʧʘʟʘ 8 ʠ 10, TIMP3, E-ʢʘʜʭʝʨʠʥ, RASSF1A ʠ ʜʨ.). ɱʝʜʘʥ ʦʜ ʧʨʝʜʣʦʞʝʥʠʭ 

ʤʦʣʝʢʫʣʘʨʥʠʭ ʤʝʭʘʥʠʟʘʤʘ ʧʘʪʦʛʝʥʝʟʝ ʧʣʘʮʝʥʪʘʣʥʦʛ ʪʫʤʦʨʘ ʿʝ ʛʫʙʠʪʘʢ ʬʫʥʢʮʠʿʝ NECC1 

ʢʦʿʠ ʜʦʚʦʜʠ ʜʦ ʤʘʣʠʛʥʝ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ˂ʝʣʠʿʘ ʪʨʦʬʦʙʣʘʩʪʘ. ɽʢʩʧʝʨʠʤʝʥʪʘʣʥʦ ʠʥʜʫʢʦʚʘʥʘ 

ʧʦʚʝ˂ʘʥʘ ʝʢʩʧʨʝʩʠʿʘ NECC1 ʛʝʥʘ ʫ ʭʦʨʠʦʢʘʨʮʠʥʦʤʫ ʫʪʠʮʘʣʘ ʿʝ ʥʘ ʩʤʘˁʝˁʝ ʪʫʤʦʨʠʛʝʥʦʩʪʠ 

ʠ ʦʙʝʟʙʝʜʠʣʘ ʿʝ ʥʦʨʤʘʣʥʦ ʜʠʬʝʨʝʥʮʠʨʘˁʝ ʤʘʪʠʯʥʠʭ ˂ʝʣʠʿʘ ʪʨʦʬʦʙʣʘʩʪʘ. ʋʣʦʛʘ 

ʪʨʘʥʩʢʨʠʧʮʠʦʥʠʭ ʬʘʢʪʦʨʘ ʥʝʦʧʭʦʜʥʠʭ ʟʘ ʥʦʨʤʘʣʥʫ ʨʝʛʫʣʘʮʠʿʫ ʧʨʦʮʝʩʘ ʧʣʘʮʝʥʪʘʮʠʿʝ ʫ 

ʧʘʪʦʛʝʥʝʟʠ ʪʫʤʦʨʘ ʧʣʘʮʝʥʪʝ ʿʝ ʪʘʢʦʹʝ ʠʩʪʨʘʞʠʚʘʥʘ. ɿʘʙʝʣʝʞʝʥ ʿʝ ʧʦʚʝ˂ʘʥ ʥʠʚʦ ʝʢʩʧʨʝʩʠʿʝ 
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NANOG ʠʈʅʂ ʫ ʧʣʘʮʝʥʪʘʣʥʦʤ ʪʫʤʦʨʫ ʫ ʦʜʥʦʩʫ ʥʘ ʟʜʨʘʚʦ ʧʣʘʮʝʥʪʘʣʥʦ ʪʢʠʚʦ, ʢʦʿʠ ʿʝ 

ʧʦʚʝʟʘʥ ʩʘ ʩʧʦʩʦʙʥʦʰ˂ʫ ʠʟʙʝʛʘʚʘˁʘ ʘʧʦʧʪʦʟʝ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ, ʘ ʪʘʢʦʹʝ ʠ ʩʘ ʠʥʜʫʢʮʠʿʦʤ 

ʤʠʛʨʘʮʠʿʝ ʠ ʠʥʚʘʟʠʿʝ ʦʚʠʭ ˂ʝʣʠʿʘ. ʉʘ ʨʝʛʫʣʘʮʠʿʦʤ ʘʧʦʧʪʦʟʝ ˂ʝʣʠʿʘ ʭʦʨʠʦʢʘʨʮʠʥʦʤʘ 

ʧʦʚʝʟʘʥʘ ʿʝ ʠ ʧʦʚʝ˂ʘʥʘ ʝʢʩʧʨʝʩʠʿʘ STAT3, ʪʘʢʦʹʝ ʟʘʙʝʣʝʞʝʥʘ ʫ ʦʚʠʤ ʪʫʤʦʨʩʢʠʤ ˂ʝʣʠʿʘʤʘ 

(Cheung ʠ ʩʘʨ., 2009).  

ʋʢʦʣʠʢʦ ʩʝ ʦʪʢʨʠʿʝ ʫ ʨʘʥʦʿ ʬʘʟʠ ʠ ʘʜʝʢʚʘʪʥʦ ʪʨʝʪʠʨʘ, ʪʫʤʦʨ ʧʣʘʮʝʥʪʝ ʩʝ ʤʦʞʝ ʝʬʠʢʘʩʥʦ 

ʣʝʯʠʪʠ.  ʇʨʦʛʥʦʟʝ ʟʘ ʠʟʣʝʯʝˁʝ ʟʘʚʠʩʝ ʦʜ ʪʦʛʘ ʜʘ ʣʠ ʿʝ ʛʝʩʪʘʮʠʿʩʢʦʛ ʠʣʠ ʥʝʛʝʩʪʘʮʠʿʩʢʦʛ ʪʠʧʘ. 

ɿʘʧʨʘʚʦ, ʛʝʩʪʘʮʠʿʩʢʠ ʭʦʨʠʦʢʘʨʮʠʥʦʤ ʧʦʨʝʜ ʤʘʿʯʠʥʝ ʠʤʘ ʠ ʦʯʝʚʫ ʛʘʨʥʠʪʫʨʫ ʭʨʦʤʦʟʦʤʘ ʪʝ ʿʝ 

ʫʩʣʝʜ ʠʤʫʥʦʛʝʥʦʩʪʠ ʦʩʝʪˀʠʚʠʿʠ ʥʘ ʭʝʤʦʪʝʨʘʧʠʿʫ, ʜʦʢ ɼʅʂ ʥʝʛʝʩʪʘʮʠʿʩʢʦʛ ʪʫʤʦʨʘ ʫ 

ʧʦʪʧʫʥʦʩʪʠ ʦʜʛʦʚʘʨʘ ɼʅʂ ʧʘʮʠʿʝʥʪʘ ʫʟ ʧʨʠʩʫʪʥʝ ʢʘʨʠʦʪʠʧʩʢʝ ʘʙʥʦʨʤʘʣʥʦʩʪʠ, ʰʪʦ ʩʤʘˁʫʿʝ 

ʠʤʫʥʦʛʝʥʦʩʪ ʘ ʪʠʤʝ ʠ ʦʩʝʪˀʠʚʦʩʪ ʥʘ ʭʝʤʦʪʝʨʘʧʠʿʫ (Savage ʠ ʩʘʨ., 2017). ʉʭʦʜʥʦ ʟʥʘʯʘʿʥʦʤ 

ʥʘʧʨʝʪʢʫ ʫ ʩʧʨʦʚʦʹʝˁʫ ʘʜʝʢʚʘʪʥʝ ʭʝʤʦʪʝʨʘʧʠʿʝ ʫ ʦʜʥʦʩʫ ʥʘ ʩʪʘʥʜʘʨʜʠʟʦʚʘʥʝ ʩʪʘʜʠʿʫʤʝ 

ʪʫʤʦʨʘ, ʦʚʘ ʠʟʫʟʝʪʥʦ ʤʘʣʠʛʥʘ ʤʝʪʘʩʪʘʪʩʢʘ ʙʦʣʝʩʪ ʩʝ ʩʤʘʪʨʘ ʠʟʣʝʯʠʚʦʤ ʙʦʣʝʰ˂ʫ. ʉʠʩʪʝʤ ʧʦ 

ʢʦʤʝ ʩʝ ʦʜʨʝʹʫʿʝ ʧʨʦʛʥʦʟʘ ʠ ʙʠʨʘ ʦʜʛʦʚʘʨʘʿʫ˂ʘ ʪʝʨʘʧʠʿʘ ʥʘ ʦʩʥʦʚʫ ʢʣʠʥʠʯʢʠʭ ʠ 

ʭʠʩʪʦʧʘʪʦʣʦʰʢʠʭ ʢʨʠʪʝʨʠʿʫʤʘ, ʫ ʩʘʨʘʜˁʠ ʩʘ WHO, ʨʘʟʚʠʣʘ ʿʝ ʄʝʹʫʥʘʨʦʜʥʘ ʬʝʜʝʨʘʮʠʿʘ 

ʛʠʥʝʢʦʣʦʛʠʿʝ ʠ ʘʢʫʰʝʨʩʪʚʘ (ʝʥʛʣ. International Federation of Gynecology and Obstetrics - 

FIGO). ʆʚʘʿ ʩʠʩʪʝʤ ʙʘʟʠʨʘ ʩʝ ʥʘ ʥʝʢʦʣʠʢʦ ʬʘʢʪʦʨʘ ʨʠʟʠʢʘ: ʩʪʘʨʦʩʪ ʧʘʮʠʿʝʥʪʘ, ʧʨʝʪʭʦʜʥʠʮʘ 

ʭʦʨʠʦʢʘʨʮʠʥʦʤʘ (ʤʦʣʘʨʥʘ ʪʨʫʜʥʦ˂ʘ, ʘʙʦʨʪʫʩ, ʪʝʨʤʠʥʩʢʠ ʧʦʨʦʹʘʿ), ʛʝʩʪʘʮʠʿʩʢʘ ʬʘʟʘ, ʥʠʚʦ 

hCG ʭʦʨʤʦʥʘ, ʘʥʘʪʦʤʠʿʘ ʪʫʤʦʨʘ (ʚʝʣʠʯʠʥʘ, ʤʝʪʘʩʪʘʟʝ), ʧʨʝʪʭʦʜʥʘ ʭʝʤʦʪʝʨʘʧʠʿʘ;  ʥʘ ʦʩʥʦʚʫ 

ʢʦʿʠʭ, ʟʘʿʝʜʥʦ ʩʘ ʜʝʬʠʥʠʩʘʥʠʤ ʩʪʘʜʠʿʫʤʦʤ ʨʘʟʚʦʿʘ ʪʫʤʦʨʘ, ʿʝ ʠʟʚʨʰʝʥʘ ʜʘˀʘ ʢʘʪʝʛʦʨʠʟʘʮʠʿʘ 

ʥʘ ʥʠʩʢʦʨʠʟʠʯʥʫ ʛʝʩʪʘʮʠʿʩʢʫ ʪʨʦʬʦʙʣʘʩʪʥʫ ʥʝʦʧʣʘʟʠʿʫ (ʫʢʫʧʘʥ ʩʢʦʨ <6) ʠ ʚʠʩʦʢʦʨʠʟʠʯʥʫ 

ʛʝʩʪʘʮʠʿʩʢʫ ʪʨʦʬʦʙʣʘʩʪʥʫ ʥʝʦʧʣʘʟʠʿʫ (ʫʢʫʧʘʥ ʩʢʦʨ >6) (Ngan ʠ ʩʘʨ., 2021). 

 

 

2. ʈʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʘ 
 

Eʥʝʨʛʠʿa ʟʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʘʝʨʦʙʥʠʭ ʦʨʛʘʥʠʟʘʤʘ ʦʙʝʟʙʝʹʫʿʝ ʩʝ ʦʢʩʠʜʘʮʠʿʦʤ ʦʨʛʘʥʩʢʠʭ 

ʩʫʧʩʪʨʘʪʘ ʫ ʧʨʠʩʫʩʪʚʫ ʢʠʩʝʦʥʠʢʘ. ʆʢʩʠʜʘʮʠʿʘ ʦʨʛʘʥʩʢʠʭ ʤʦʣʝʢʫʣʘ ʩʝ ʧʨʝʚʘʩʭʦʜʥʦ ʦʙʘʚˀʘ 

ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʦʢʩʠʜʘʪʠʚʥʝ ʬʦʩʬʦʨʠʣʘʮʠʿʝ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ 

ʦʢʩʠʜʦ/ʨʝʜʫʢʮʠʦʥʦʛ ʤʝʪʘʙʦʣʠʟʤʘ, ʚʠʰʝ ʦʜ 90% ʤʦʣʝʢʫʣʩʢʦʛ ʢʠʩʝʦʥʠʢʘ (O2) ʩʝ ʫʟ 

ʢʘʪʘʣʠʪʠʯʢʫ ʘʢʪʠʚʥʦʩʪ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʛ ʢʦʤʧʣʝʢʩʘ ʮʠʪʦʭʨʦʤ-ʦʢʩʠʜʘʟʘ ʩʫʢʮʝʩʠʚʥʠʤ 

ʚʝʟʠʚʘˁʝʤ 4 ʝʣʝʢʪʨʦʥʘ ʨʝʜʫʢʫʿʝ ʜʦ ʜʚʘ ʤʦʣʝʢʫʣʘ ʚʦʜʝ. ʋʢʦʣʠʢʦ ʩʝ ʫ ʧʨʦʮʝʩʫ ʨʝʜʫʢʮʠʿʝ ʟʘ 

O2 ʚʝʞʝ ʤʘˁʝ ʦʜ 4 ʝʣʝʢʪʨʦʥʘ, ʧʨʦʜʫʢʫʿʫ ʩʝ ʨʝʘʢʪʠʚʥʠ ʠʥʝʪʤʝʜʠʿʝʨʠ (ʉʣʠʢʘ 3), ʩʣʦʙʦʜʥʠ 

ʨʘʜʠʢʘʣʠ, ʘʪʦʤʠ, ʿʦʥʠ ʠʣʠ ʤʦʣʝʢʫʣʠ ʩʘ ʿʝʜʥʠʤ ʠʣʠ ʚʠʰʝ ʥʝʩʧʘʨʝʥʠʭ ʝʣʝʢʪʨʦʥʘ ʫ ʘʪʦʤʩʢʦʿ 

ʠʣʠ ʤʦʣʝʢʫʣʩʢʦʿ ʦʨʙʠʪʘʣʠ, ʢʦʿʠ ʫ ʤʘʣʦʤ ʧʨʦʮʝʥʪʫ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʯʠʥʝ ʚʝʦʤʘ ʙʠʪʘʥ 

ʬʫʥʢʮʠʦʥʘʣʥʠ ʬʘʢʪʦʨ ʦʜʨʞʘʚʘˁʘ ʬʠʟʠʦʣʦʰʢʝ ʨʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʝ. ʌʘʟʘ ʥʘʩʪʘʥʢʘ 

ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ ʦʟʥʘʯʝʥʘ ʿʝ ʢʘʦ ʬʘʟʘ ʠʥʠʮʠʿʘʮʠʿʝ. ʅʘʿʟʥʘʯʘʿʥʠʿʝ ʚʨʩʪʝ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ ʩʫ ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʢʠʩʝʦʥʠʢʘ (ʝʥʛʣ. Reactive Oxygen Species - ROS) ʠ ʨʝʘʢʪʠʚʥʝ 

ʚʨʩʪʝ ʘʟʦʪʘ (ʝʥʛʣ. Reactive Nitrogen Specises - RNS) (Lushchak, 2014; Halliwell ʠ Gutteridge, 

2015). 
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ʉʣʠʢʘ 3. ʈʝʜʫʢʮʠʿʘ ʢʠʩʝʦʥʠʢʘ ʠ ʬʦʨʤʠʨʘˁʝ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ  

(ʤʦʜʠʬʠʢʦʚʘʥʦ ʠʟ Dharmaraja, 2017) 

 

ʋʩʣʝʜ ʧʦʩʪʦʿʘˁʘ ʿʝʜʥʦʛ ʠʣʠ ʚʠʰʝ ʥʝʩʧʘʨʝʥʠʭ ʚʘʣʝʥʪʥʠʭ ʝʣʝʢʪʨʦʥʘ ʫ ʝʣʝʢʪʨʦʥʩʢʦʤ 

ʦʤʦʪʘʯʫ, ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʩʫ ʠʟʫʟʝʪʥʦ ʥʝʩʪʘʙʠʣʥʠ ʠ ʚʠʩʦʢʦ ʨʝʘʢʪʠʚʥʠ ʪʝ ʩʪʦʛʘ ʠʥʪʝʨʘʛʫʿʫ 

ʤʝʹʫʩʦʙʥʦ, ʢʘʦ ʠ ʩʘ ʜʨʫʛʠʤ ʤʘˁʝ ʨʝʘʢʪʠʚʥʠʤ ʧʨʦʜʫʢʪʠʤʘ ʪʘʢʦ ʰʪʦ ʬʦʨʤʠʨʘʿʫ ʢʦʚʘʣʝʥʪʥʫ 

ʚʝʟʫ ʠʣʠ ʧʨʝʜʘʿʫ ʝʣʝʢʪʨʦʥʝ (ʨʝʜʫʢʫʿʫ˂ʠ ʘʛʝʥʩ), ʧʨʠʤʘʿʫ ʝʣʝʢʪʨʦʥʝ (ʦʢʩʠʜʫʿʫ˂ʠ ʘʛʝʥʩ), 

ʧʨʝʫʟʠʤʘʿʫ ʿʦʥʝ ʚʦʜʦʥʠʢʘ ʠʣʠ ʩʪʫʧʘʿʫ ʫ ʨʝʘʢʮʠʿʫ ʘʜʠʮʠʿʝ. ʆʚe ʨʝʘʢʮʠʿʝ ʚʦʜʝ ʜʦ ʥʠʟʘ 

ʣʘʥʯʘʥʠʭ ʦʢʩʠʜʦ/ʨʝʜʫʢʫʿʫ˂ʠʭ ʧʨʦʮʝʩʘ ʢʦʿʠ ʩʫ ʦʟʥʘʯʝʥʠ ʢʘʦ ʬʘʟʘ ʧʨʦʧʘʛʘʮʠʿʝ. ʋʟʘʩʪʦʧʥʠ 

ʦʢʩʠʜʦ/ʨʝʜʫʢʫʿʫ˂ʠ ʧʨʦʮʝʩʠ ʩʝ ʧʨʝʢʠʜʘʿʫ ʨʝʘʢʮʠʿʦʤ ʥʝʫʪʨʘʣʠʟʘʮʠʿʝ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ 

ʥʝʝʥʟʠʤʩʢʠʤ ʠʣʠ ʝʥʟʠʤʩʢʠʤ ʘʥʪʠʦʢʩʠʜʘʥʩʠʤʘ, ʢʦʿʠ ʯʠʥʝ ˂ʝʣʠʿʩʢʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʦʜʙʨʘʤʙʝʥʠ ʩʠʩʪʝʤ (ʝʥʛʣ. Antioxidative Defence System, AOS). ʇʨʦʮʝʩ ʥʝʫʪʨʘʣʠʟʘʮʠʿʝ 

ʨʘʜʠʢʘʣʘ ʦʟʥʘʯʝʥ ʿʝ ʢʘʦ ʬʘʟʘ ʪʝʨʤʠʥʘʮʠʿʝ (Halliwell ʠ Gutteridge, 2015; Costa ʠ ʩʘʨ., 2021).  

 

 

ʃʘʥʯʘʥʦ ʬʦʨʤʦʨʘˁʝ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ (Hamid ʠ ʩʘʨ., 2010):  

 

 

1) ʀʥʠʮʠʿʘʮʠʿʘ: 

 

RH Ÿ RÅ+ HÅ 

RÅ Ÿ RÅ + O2 Ÿ ROOÅ 

2ROOH Ÿ ROOÅ + ROÅ + H2O 

 

2) ʇʨʦʧʘʛʘʮʠʿʘ: 

 

RÅ + O2 Ÿ ROOÅ 

ROOÅ + RH Ÿ ROOH + RÅ 

ROÅ + RH Ÿ ROH + RÅ 

 

 

 

 

 

 

 

 

3) ʊʝʨʤʠʥʘʮʠʿʘ: 

 

RÅ + RÅ Ÿ R ï R 

RÅ + ROOÅ Ÿ ROOR 

ROOÅ + ROOÅ Ÿ ROOR + O2 

ɸʥʪʠʦʢʩʠʜʘʥʩ + O2 Ÿ 

ʆʢʩʠʜʦʚʘʥ ʘʥʪʠʦʢʩʠʜʘʥʩ 
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ʆʜʨʞʘʚʘˁʝ ʨʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʝ ʧʦʜʨʘʟʫʤʝʚʘ ʫʨʘʚʥʦʪʝʞʝʥʫ ʧʨʦʜʫʢʮʠʿʫ ʠ ʝʣʠʤʠʥʘʮʠʿʫ 

ROS-ʘ ʠ RNS-ʘ ʯʠʿʠ ʿʝ ʥʠʟʘʢ ʙʘʟʘʣʥʠ ʥʠʚʦ ʦʜ ʩʫʰʪʠʥʩʢʦʛ ʟʥʘʯʘʿʘ ʟʘ ʨʝʛʫʣʘʮʠʿʫ ˂ʝʣʠʿʩʢʦʛ 

ʮʠʢʣʫʩʘ, ˂ʝʣʠʿʩʢʦʛ ʨʘʩʪʘ, ʧʨʦʮʝʩʘ ʘʧʦʧʪʦʟʝ, ʢʘʦ ʠ ʟʘ ˂ʝʣʠʿʩʢʫ ʩʠʛʥʘʣʠʟʘʮʠʿʫ ʧʦʩʨʝʜʩʪʚʦʤ 

ʤʦʜʫʣʘʮʠʿʝ ʘʢʪʠʚʥʦʩʪʠ ʿʦʥʩʢʠʭ ʢʘʥʘʣʘ, ʢʠʥʘʟʘ ʠ ʬʦʩʬʘʪʘʟʘ (Gaikwad ʠ Srivastava, 2021). 

ʇʨʠʤʝʨ ʨʝʛʫʣʘʮʠʿʝ ʦʚʠʭ ʧʨʦʮʝʩʘ ʿʝ ʬʦʩʬʦʨʠʣʘʮʠʿʘ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʪʝʠʥʘ ʢʘʦ ʰʪʦ ʩʫ 

ʧʨʦʪʝʠʥ ʢʠʥʘʟʘ C (ʝʥʛʣ. protein kinase C - PKC), p38 ʤʠʪʦʛʝʥ-ʘʢʪʠʚʠʨʘʥʘ ʧʨʦʪʝʠʥ ʢʠʥʘʟʘ 

(ʝʥʛʣ. mitogen-activated protein kinase - MɸPK), ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʠʤ ʩʠʛʥʘʣʦʤ ʨʝʛʫʣʠʩʘʥʘ 

ʢʠʥʘʟʘ (ʝʥʛʣ. extracellular signal-regulated kinase - ERK1/2) ʠ ʩʪʠʤʫʣʘʮʠʿʘ ʝʢʩʧʨʝʩʠʿʝ ʛʝʥʘ 

ʢʦʿʠ ʢʦʜʠʨʘʿʫ ʘʥʪʠʦʢʩʠʜʘʥʩʝ, ʘʢʪʠʚʘʪʦʨʝ ʪʨʘʥʩʢʨʠʧʮʠʦʥʠʭ ʬʘʢʪʦʨʘ Nrf2 (ʝʥʛʣ. nuclear 

factor erythroid 2-related factor 2), AP-1 (ʝʥʛʣ. activator protein 1), NF-əB (ʝʥʛʣ. nuclear factor 

kappaB) ʠ ʪʫʤʦʨ ʩʫʧʨʝʩʦʨ ʧʨʦʪʝʠʥʘ p53 (Marengo ʠ ʩʘʨ., 2016). ʊʘʢʦʹʝ, ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ, 

ʧʨʦʜʫʢʦʚʘʥʝ ʦʜ ʩʪʨʘʥʝ ʘʢʪʠʚʠʨʘʥʠʭ ʤʘʢʨʦʬʘʛʘ ʠ ʥʝʫʪʨʦʬʠʣʘ, ʠʤʘʿʫ ʚʘʞʥʫ ʫʣʦʛʫ ʫ ʦʜʙʨʘʥʠ 

ʦʨʛʘʥʠʟʤʘ ʦʜ ʠʥʚʘʟʠʚʥʠʭ ʧʘʪʦʛʝʥʘ. ɹʠʦʣʦʰʢʘ ʘʢʪʠʚʥʦʩʪ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʟʘʚʠʩʥʘ ʿʝ ʦʜ 

ʧʨʦʩʪʦʨʥʝ ʜʠʩʪʨʠʙʫʮʠʿʝ, ʤʝʩʪʘ ʩʫʙʮʝʣʫʣʘʨʥʠʭ ʢʦʤʧʘʨʪʤʘʥʘ ʠ ʥʠʚʦʘ ˁʠʭʦʚʦʛ ʛʝʥʝʨʠʩʘˁʘ. 

ɽʥʜʦʛʝʥʘ ʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʿʝ ʧʦʩʣʝʜʠʮʘ ʘʢʪʠʚʥʦʩʪʠ ʨʘʟʣʠʯʠʪʠʭ ʝʥʟʠʤʩʢʠʭ ʠ 

ʥʝʝʥʟʠʤʩʢʠʭ ʢʦʤʧʣʝʢʩʘ ʢʦʿʠ ʩʝ ʥʘʣʘʟʝ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ, ʧʝʨʦʢʩʠʟʦʤʠʤʘ, ʤʠʢʨʦʟʦʤʠʤʘ, 

ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʤ ʨʝʪʠʢʫʣʫʤʫ, ʫ ʮʠʪʦʧʣʘʟʤʠ ʠ ʫ ˂ʝʣʠʿʩʢʦʿ ʤʝʤʙʨʘʥʠ. ɽʥʟʠʤʩʢʝ ʨʝʘʢʮʠʿʝ 

ʧʨʦʜʫʢʮʠʿʝ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʫʢˀʫʯʫʿʫ ʘʢʪʠʚʘʮʠʿʫ ʢʦʤʧʣʝʢʩʘ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʛ 

ʨʝʩʧʠʨʘʪʦʨʥʦʛ ʣʘʥʮʘ, ʮʠʪʦʭʨʦʤʘ P450, ʥʠʢʦʪʠʥʘʤʠʜ ʘʜʝʥʠʥ ʜʠʥʫʢʣʝʦʪʠʜ ʬʦʩʬʘʪ-ʦʢʩʠʜʘʟʘ 

(NADPH ʦʢʩʠʜʘʟʘ (NOX)), ʢʩʘʥʪʠʥ ʦʢʩʠʜʘʟʘ, ʩʠʥʪʝʟʫ ʧʨʦʩʪʘʛʣʘʜʠʥʘ, ʠ ʬʘʛʦʮʠʪʦʟʫ, ʜʦʢ ʩʫ 

ʥʝʝʥʟʠʤʩʢʠ ʠʟʚʦʨʠ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʨʝʜʦʢʩ ʘʢʪʠʚʥʠ ʤʝʪʘʣʠ Cu ʠ Fe (Halliwell ʠ Gutteridge, 

2015; Ghoneum ʠ ʩʘʨ., 2020; Gupta ʠ ʩʘʨ., 2020). 

ɽʚʦʣʫʪʠʚʥʠʤ ʨʘʟʚʦʿʝʤ ʠ ʬʘʚʦʨʠʟʘʮʠʿʦʤ ʘʝʨʦʙʥʦʛ ʤʝʪʘʙʦʣʠʟʤʘ, ʞʠʚʠ ʦʨʛʘʥʠʟʤʠ ʩʫ 

ʧʝʨʤʘʥʝʥʪʥʦ ʠʟʣʦʞʝʥʠ ROS-ʧʦʩʨʝʜʦʚʘʥʠʤ ʦʢʩʠʜʘʪʠʚʥʠʤ ʧʨʦʮʝʩʠʤʘ ʢʦʿʠ ʧʨʝʜʩʪʘʚˀʘʿʫ 

ʧʦʪʝʥʮʠʿʘʣʥʫ ʦʧʘʩʥʦʩʪ. ʀʟʣʦʞʝʥʦʩʪ ʝʛʟʦʛʝʥʦʤ ʫʪʠʮʘʿʫ ʨʘʟʣʠʯʠʪʠʭ ʪʦʢʩʠʯʥʠʭ ʘʛʝʥʘʩʘ 

(ʭʝʤʠʢʘʣʠʿʝ, ʧʦʣʫʪʘʥʪʠ, ʪʝʰʢʠ ʤʝʪʘʣʠ, ʢʩʝʥʦʙʠʦʪʠʮʠ, UV ʠ ʿʦʥʠʟʫʿʫ˂ʝ ʟʨʘʯʝˁʝ), ʘʢʪʠʚʘʮʠʿʘ 

ʠʤʫʥʠʭ ˂ʝʣʠʿʘ ʠ ʠʥʬʣʘʤʘʮʠʿʘ ʢʘʦ ʠ ʜʠʩʬʫʥʢʮʠʿʘ ʧʦʿʝʜʠʥʠʭ ʤʝʪʘʙʦʣʠʯʢʠʭ ʧʨʦʮʝʩʘ, ʤʦʛʫ 

ʧʦʨʝʤʝʪʠʪʠ ʨʝʜʦʢʩ ʨʘʚʥʦʪʝʞʫ ʫ ʢʦʨʠʩʪ ʧʦʚʝ˂ʘʥʝ ʧʨʦʜʫʢʮʠʿʝ ROS/RNS ʢʦʿʘ ʧʨʝʚʘʟʠʣʘʟʠ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʢʘʧʘʮʠʪʝʪʝ ˂ʝʣʠʿʝ. ʅʘʨʫʰʝʥʦʤ ʨʘʚʥʦʪʝʞʦʤ ʠʟʤʝʹʫ ʩʪʚʘʨʘˁʘ ʩʣʦʙʦʜʥʠʭ 

ʨʘʜʠʢʘʣʘ ʠ ˁʠʭʦʚʝ ʥʝʫʪʨʘʣʠʟʘʮʠʿʝ ʘʥʪʠʦʢʩʠʜʘʥʩʠʤʘ ʥʘʩʪʘʿʝ ʦʢʩʠʜʘʪʠʚʥʠ/ʥʠʪʨʦʟʘʪʠʚʥʠ 

ʩʪʨʝʩ. ʆʚʘʢʘʚ ʨʝʜʦʢʩ ʜʠʩʙʘʣʘʥʩ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ ʧʨʝʢʦʤʝʨʥʝ ʧʨʦʜʫʢʮʠʿʝ ʨʝʘʢʪʠʚʥʠʭ 

ʚʨʩʪʘ ʥʘʩʪʘʣʝ ʜʝʣʦʚʘˁʝʤ ʥʝʢʦʛ ʝʛʟʦʛʝʥʦʛ ʘʛʝʥʩʘ, ʢʘʜʘ ʩʝ ʧʨʝʤʘʰʫʿʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ 

ʢʘʧʘʮʠʪʝʪʠ ˂ʝʣʠʿʝ ʠ ʦʥʝʤʦʛʫ˂ʘʚʘ ʘʜʝʢʚʘʪʥʘ ʦʜʙʨʘʥʘ, ʘ ʪʘʢʦʹʝ ʤʦʞʝ ʙʠʪʠ ʧʦʩʣʝʜʠʮʘ 

ʠʥʭʠʙʠʨʘʥʝ ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ, ʠʣʠ ʧʘʢ ˁʠʭʦʚʝ ʩʤʘˁʝʥʝ de novo ʩʠʥʪʝʟʝ. ʋʩʣʝʜ 

ʪʝʥʜʝʥʮʠʿʝ ʟʘ ʝʣʝʢʪʨʦʥʩʢʦʤ ʩʪʘʙʠʣʥʦʰ˂ʫ ʦʨʙʠʪʘʣʘ, ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʜʘˀʝ ʦʢʩʠʜʫʿʫ ʚʠʪʘʣʥʝ 

˂ʝʣʠʿʩʢʝ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣʝ, ʧʨʦʪʝʠʥʝ, ʫʛˀʝʥʝ ʭʠʜʨʘʪʝ, ʣʠʧʠʜʝ ʠ ʥʫʢʣʝʠʥʩʢʝ ʢʠʩʝʣʠʥʝ, 

ʠʟʘʟʠʚʘʿʫ˂ʠ ˁʠʭʦʚʫ ʩʪʨʫʢʪʫʨʥʫ ʠ ʬʫʥʢʮʠʦʥʘʣʥʫ ʜʝʩʪʘʙʠʣʠʟʘʮʠʿʫ. ʆʰʪʝ˂ʝʥʝ ˂ʝʣʠʿʝ ʫʣʘʟʝ ʫ 

ʧʨʦʮʝʩ ʘʧʦʧʪʦʟʝ ʠʣʠ ʥʝʢʨʦʟʝ, ʚʦʜʝ˂ʠ ʢʘ ʧʨʦʛʨʝʩʠʿʠ ʪʢʠʚʥʠʭ ʦʰʪʝ˂ʝˁʘ, ʰʪʦ ʜʦʧʨʠʥʦʩʠ 

ʧʘʪʦʬʠʟʠʦʣʦʛʠʿʠ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʙʦʣʝʩʪʠ. ʍʨʦʥʠʯʥʦ ʧʦʚʠʰʝʥ ʥʠʚʦ ʧʨʦʜʫʢʮʠʿʝ 

ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʠ ʦʢʩʠʜʘʪʠʚʥʠ/ʥʠʪʨʦʟʘʪʠʚʥʠ ʩʪʨʝʩ ʩʫ ʠʥʜʫʢʪʦʨʠ ʙʠʦʣʦʰʢʦʛ ʩʪʘʨʝˁʘ, 

ʜʠʩʬʫʥʢʮʠʿʝ ʠʤʫʥʦʛ ʩʠʩʪʝʤʘ ʠ ʠʥʬʣʘʤʘʮʠʿʝ ʠ ʧʦʚʝʟʘʥʠ ʩʫ ʩʘ ʨʘʟʚʦʿʝʤ ʜʠʿʘʙʝʪʝʩʘ, 

ʤʘʣʠʛʥʠʭ, ʢʘʨʜʠʦʚʘʩʢʠʣʘʨʥʠʭ ʠ ʤʥʦʛʠʭ ʥʝʫʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠʭ ʙʦʣʝʩʪʠ (Halliwell ʠ 

Gutteridge, 2015; Pisoschi ʠ Pop, 2015; Gupta ʠ ʩʘʨ., 2020; Costa ʠ ʩʘʨ., 2021).  
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2.1. ʈʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʢʠʩʝʦʥʠʢʘ ʠ ʘʟʦʪʘ 

 

ʋ ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʢʠʩʝʦʥʠʢa ʩʧʘʜʘʿʫ ʩʫʧʝʨʦʢʩʠʜ ʘʥʿʦʥ ʨʘʜʠʢʘʣ (ʆ2
Åī), ʢʦʿʠ ʥʘʩʪʘʿʝ 

ʿʝʜʥʦʝʣʝʢʪʨʦʥʩʢʦʤ ʨʝʜʫʢʮʠʿʦʤ ʤʦʣʝʢʫʣʩʢʦʛ ʢʠʩʝʦʥʠʢʘ, ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜ (H2O2), ʢʦʿʠ 

ʥʘʩʪʘʿʝ ʜʚʦʝʣʝʢʪʨʦʥʩʢʦʤ ʨʝʜʫʢʮʠʿʦʤ ʢʠʩʝʦʥʠʢʘ (ʥʝʨʘʜʠʢʘʣʩʢʠ ʦʙʣʠʢ), ʭʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣ 

(OHÅ), ʢʦʿʠ ʥʘʩʪʘʿʝ ʪʨʦʝʣʝʢʪʨʦʥʩʢʦʤ ʨʝʜʫʢʮʠʿʦʤ ʢʠʩʝʦʥʠʢʘ ʠʣʠ ʨʘʟʛʨʘʜˁʦʤ H2O2. ʆʩʪʘʣʝ 

ʬʦʨʤʝ ʩʫ ʩʝʢʫʥʜʘʨʥʠ ʨʘʜʠʢʘʣʠ ʢʠʩʝʦʥʠʢʘ (ʭʠʜʨʦʧʝʨʦʢʩʠʣ ʨʘʜʠʢʘʣ - ʅʆʆÅ, ʧʝʨʦʢʩʠʣ 

ʨʘʜʠʢʘʣ - ROʆÅ, ʘʣʢʦʢʩʠʣ ʨʘʜʠʢʘʣ - ROÅ) ʠ ʥʝʨʘʜʠʢʘʣʩʢʝ ʚʨʩʪʝ ʢʠʩʝʦʥʠʢʘ (ʩʠʥʛʣʝʪ ʢʠʩʝʦʥʠʢ 

- 1O2, ʦʨʛʘʥʩʢʠ ʧʝʨʦʢʩʠʜʠ - ROOH, ʦʟʦʥ - O3), ʥʘʩʪʘʣʠ ʫʩʣʝʜ ʚʠʩʦʢʦʛ ʩʪʝʧʝʥʘ 

ʝʣʝʢʪʨʦʬʠʣʥʦʩʪʠ ʧʨʠʤʘʨʥʠʭ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ. ɼʦʥʠʨʘˁʝʤ ʠʣʠ ʧʨʝʫʟʠʤʘˁʝʤ ʝʣʝʢʪʨʦʥʘ ʩʘ 

ʜʨʫʛʠʭ ʨʝʘʢʪʠʚʥʠʭ ʤʦʣʝʢʫʣʘ, ʧʨʠʤʘʨʥʝ ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʠʥʠʮʠʨʘʿʫ ʢʘʩʢʘʜʥʫ ʨʝʘʢʮʠʿʫ 

ʦʢʩʠʜʦ/ʨʝʜʫʢʫʿʫ˂ʠʭ ʧʨʦʮʝʩʘ.  

ʋ ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʘʟʦʪʘ ʩʧʘʜʘʿʫ ʘʟʦʪ ʤʦʥʦʢʩʠʜ (NOÅ) ʠ ʘʟʦʪ ʜʠʦʢʩʠʜ (NO2
Å) ʢʦʿʠ ʩʫ 

ʨʘʜʠʢʘʣʩʢʠ ʦʙʣʠʮʠ RNS, ʜʦʢ ʩʫ ʥʝʨʘʜʠʢʘʣʩʢʠ ʦʙʣʠʮʠ ʦʚʠʭ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ, 

ʧʝʨʦʢʩʠʥʠʪʨʠʪ (ONOOī), ʧʝʨʦʢʩʠʥʠʪʨʠʪʥʘ ʢʠʩʝʣʠʥʘ (ONOOH), ʘʣʢʠʣ ʧʝʨʦʢʩʠʥʠʪʨʠʪ 

(ROONO) ʠ ʜʨ. (ʊʘʙʝʣʘ 2) (Halliwell ʠ Gutteridge, 2015; Gupta ʠ ʩʘʨ., 2020). ʅʘʚʝʜʝʥʝ 

ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʩʚʝʜʦʯʝ ʦ ʫʩʢʦʿ ʬʫʥʢʮʠʦʥʘʣʥʦʿ ʧʦʚʝʟʘʥʦʩʪʠ ROS ʠ RNS, ʦʜʥʦʩʥʦ ˁʠʭʦʚʠʤ 

ʫʥʘʢʨʩʥʠʤ ʨʝʘʢʮʠʿʘʤʘ.  
 

ʊʘʙʝʣʘ 2. ʇʨʠʢʘʟ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʢʠʩʝʦʥʠʢʘ ʠ ʘʟʦʪʘ 

 

ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʅʝʨʘʜʠʢʘʣʩʢʝ ʨʝʘʢʪʠʚʥʝ ʚʨʩʪʝ 

ROS 

ʉʫʧʝʨʦʢʩʠʜ ʘʥʿʦʥ ʨʘʜʠʢʘʣ, ʆ2
Åī ɺʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜ,  H2O2 

ʍʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣ, OHÅ ʉʠʥʛʣʝʪ ʢʠʩʝʦʥʠʢ, 1O2 

ʍʠʜʨʦʧʝʨʦʢʩʠʣ ʨʘʜʠʢʘʣ, ʅʆʆÅ ʆʨʛʘʥʩʢʠ ʧʝʨʦʢʩʠʜʠ, ROOH 

ʇʝʨʦʢʩʠʣ ʨʘʜʠʢʘʣ, ROʆÅ ʆʟʦʥ, O3 

ɸʣʢʦʢʩʠʣ ʨʘʜʠʢʘʣ, ROÅ ʍʠʧʦʭʣʦʨʥʘ ʢʠʩʝʣʠʥʘ, HOCl 

ʋʛˀʝʥ ʜʠʦʢʩʠʜ ʨʘʜʠʢʘʣ, CO2
Åī ʍʠʧʦʙʨʦʤʥʘ ʢʠʩʝʣʠʥʘ, HOBr 

ʂʘʨʙʦʥʘʪʥʠ ʨʘʜʠʢʘʣ, CO3
Åī  

RNS 

ɸʟʦʪ ʤʦʥʦʢʩʠʜ ʨʘʜʠʢʘʣ, NOÅ ʇʝʨʦʢʩʠʥʠʪʨʠʪ, ONOOī 

ʅʠʪʨʘʪ ʨʘʜʠʢʘʣ, NO3
Å
 ʇʝʨʦʢʩʠʥʠʪʨʘʪ, O2NOOī 

ɸʟʦʪ ʜʠʦʢʩʠʜ ʨʘʜʠʢʘʣ, NO2
Å ʇʝʨʦʢʩʠʥʠʪʨʠʪʥʘ ʢʠʩʝʣʠʥʘ, ONOOH 

 ɸʣʢʠʣ ʧʝʨʦʢʩʠʥʠʪʨʠʪ, ROONO 

 ɸʣʢʠʣ ʧʝʨʦʢʩʠʥʠʪʨʘʪ, RO2ONO 

 

ʇʦʨʝʤʝ˂ʘʿʠ ʦʢʩʠʜʘʪʠʚʥʦʛ ʤʝʪʘʙʦʣʠʟʤʘ ʫ ʦʨʛʘʥʠʟʤʫ ʫʢˀʫʯʫʿʫ ʭʠʧʦʢʩʠʿʫ, 

ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦ-ʨʝʪʠʢʫʣʘʨʥʠ ʩʪʨʝʩ, ʦʢʩʠʜʘʪʠʚʥʫ ʜʠʩʬʫʥʢʮʠʿʫ ʤʠʪʦʭʦʥʜʨʠʿʘ ʠ 

ʦʢʩʠʜʘʪʠʚʥʠ, ʥʠʪʨʦʟʘʪʠʚʥʠ ʠ ʢʘʨʙʦʥʠʣʥʠ ʩʪʨʝʩ. ʅʠʪʨʦʟʘʪʠʚʥʠ ʩʪʨʝʩ ʿʝ ʫ ʙʣʠʩʢʦʿ 

ʢʦʨʝʣʘʮʠʿʠ ʩʘ ʦʢʩʠʜʘʪʠʚʥʠʤ ʩʪʨʝʩʦʤ. ʈʝʘʢʪʠʚʥʠ ʢʠʩʝʦʥʠʯʥʠ ʤʝʪʘʙʦʣʠʪʠ ʤʦʛʫ 

ʠʥʪʝʨʘʛʦʚʘʪʠ ʩʘ ʘʟʦʪʥʠʤ ʩʠʛʥʘʣʥʠʤ ʤʧʦʣʝʢʫʣʠʤʘ, ʫ ʧʨʚʦʤ ʨʝʜʫ ʘʟʦʪ ʤʦʥʦʢʩʠʜʦʤ ʠ 

ʧʦʿʘʯʘʪʠ ʬʦʨʤʠʨʘˁʝ ʩʣʦʙʦʜʥʦʨʘʜʠʢʘʣʩʢʠʭ ʚʨʩʪʘ ʙʘʟʠʨʘʥʠʭ ʥʘ ʘʟʦʪʫ. ɸʟʦʪʥʠ ʨʘʜʠʢʘʣʠ, ʧʨʝ 

ʩʚʝʛʘ NOÅ ʠ ʥʠʪʨʠʪʠ (NO2
ī), ʚʦʜʝ ʜʘˀʦʿ ʧʨʦʜʫʢʮʠʿʠ ʩʝʢʫʥʜʘʨʥʠʭ ʘʟʦʪʥʠʭ ʠ ʢʠʩʝʦʥʠʯʥʠʭ 

ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ, ʢʘʦ ʰʪʦ ʩʫ ONOOī, OHÅ, ʠ ʥʝʨʘʜʠʢʘʣʩʢʠʭ ʪʦʢʩʠʯʥʠʭ ʤʦʣʝʢʫʣʘ ʧʦʧʫʪ 

H2O2, ʜʠʥʠʪʨʦʜʠʦʢʩʠʜʘ (N2O2) ʠ ʘʟʦʪʘʩʪʝ ʢʠʩʝʣʠʥʝ (HNO2) (Stykel ʠ Ryan, 2022). 

 



ɼʦʢʪʦʨʩʢʘ ʜʠʩʝʨʪʘʮʠʿʘ                                                                                                          ʋʚʦʜ          

11 
 

ʋ ʩʢʣʘʜʫ ʩʘ ʩʚʦʿʦʤ ʬʫʥʢʮʠʿʦʤ ʦʙʝʟʙʝʹʠʚʘˁʘ ʝʥʝʨʛʠʿʝ ʢʨʦʟ ʧʨʦʮʝʩʝ ʦʢʩʠʜʘʪʠʚʥʝ 

ʬʦʩʬʦʨʠʣʘʮʠʿʝ, ʤʠʪʦʭʦʥʜʨʠʿʝ ʩʘ ʩʚʦʿʠʤ ʝʥʟʠʤʩʢʠʤ ʢʦʤʧʣʝʢʩʠʤʘ ʨʝʩʧʠʨʘʪʦʨʥʦʛ ʣʘʥʮʘ ʩʫ 

ʧʨʠʤʘʨʥʠ ʛʝʥʝʨʘʪʦʨʠ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ, ʘ ʪʠʤʝ ʠ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ. ɺʠʩʦʢ ʧʨʦʮʝʥʘʪ ROS 

ʩʝ ʪʘʢʦʹʝ ʛʝʥʝʨʠʰʝ ʘʢʪʠʚʥʦʰ˂ʫ ʪʨʘʥʩʤʝʤʙʨʘʥʩʢʝ NOX.  

ʇʦʯʝʪʘʢ ʢʘʩʢʘʜʝ ʦʢʩʠʜʘʪʠʚʥʦʛ 

ʩʪʨʝʩʘ ʿʝ Ăʮʫʨʝˁʝñ ʝʣʝʢʪʨʦʥʘ ʪʦʢʦʤ 

ʝʥʟʠʤʩʢʝ ʘʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʘ 

ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʛ ʨʝʩʧʠʨʘʪʦʨʥʦʛ ʣʘʥʮʘ 

ʠ ʪʦ ʢʦʤʧʣʝʢʩʘ I (NADH ʜʝʭʠʜʨʦʛʝʥʘʟʘ), 

ʢʦʿʠ ʦʢʩʠʜʫʿʝ ʥʠʢʦʪʠʥʘʤʠʜ ʘʜʝʥʠʥ 

ʜʠʥʫʢʣʝʦʪʠʜ (NADH) ʘ ʢʘʦ ʘʢʮʝʧʪʦʨ 

ʝʣʝʢʪʨʦʥʘ ʢʦʨʠʩʪʠ ʢʦʝʥʟʠʤ Q, ʠ 

ʢʦʤʧʣʝʢʩʘ III  (ʫʙʠʭʠʥʦʥ-ʮʠʪʦʭʨʦʤ c 

ʨʝʜʫʢʪʘʟʘ) ʢʦʿʠ ʦʢʩʠʜʫʿʝ ʢʦʝʥʟʠʤ Q, ʘ 

ʢʘʦ ʘʢʮʝʧʪʦʨ ʝʣʝʢʪʨʦʥʘ ʢʦʨʠʩʪʠ 

ʮʠʪʦʭʨʦʤ c (ʝʥʛʣ. Cytochrome c - Cyt c). 

ʉʫʧʝʨʦʢʩʠʜ ʘʥʿʦʥ ʨʘʜʠʢʘʣ ʧʨʦʜʫʢʦʚʘʥ 

ʘʢʪʠʚʥʦʰ˂ʫ ʢʦʤʧʣʝʢʩʘ I ʥʘʣʘʟʠ ʩʝ 

ʠʩʢˀʫʯʠʚʦ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʤ 

ʤʘʪʨʠʢʩʫ, ʜʦʢ ʩʝ ʆ2
Åī ʧʨʦʜʫʢʦʚʘʥ 

ʘʢʪʠʚʥʦʰ˂ʫ ʢʦʤʧʣʝʢʩʘ III  ʥʘʣʘʟʠ ʠ ʫ 

ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʤ ʤʘʪʨʠʢʩʫ ʠ ʫ 

˂ʝʣʠʿʩʢʦʤ ʮʠʪʦʩʦʣʫ. ɼʘˀʦʤ ʨʝʜʫʢʮʠʿʦʤ 

ʥʦʩʘʯʘ ʝʣʝʢʪʨʦʥʘ, ʬʣʘʚʠʥ ʘʜʝʥʠʥ 

ʜʠʥʫʢʣʝʦʪʠʜʘ (FAD) ʠ NADH, 

ʝʣʝʢʪʨʦʥʠ ʩʝ ʧʨʝʥʦʩʝ ʜʦ ʢʦʤʧʣʝʢʩʘ IV, 

ʛʜʝ ʩʝ ʫʩʣʝʜ ʢʘʪʘʣʠʪʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ 

ʮʠʪʦʭʨʦʤ-c-ʦʢʩʠʜʘʟʘ (COX) ʚʨʰʠ 

ʪʝʪʨʘʚʘʣʝʥʪʥʘ ʨʝʜʫʢʮʠʿʘ ʆ2 ʜʦ H2O.  

ʇʨʦʜʫʢʮʠʿʘ ROS ʦʜ ʩʪʨʘʥʝ NOX ʝʥʟʠʤʩʢʦʛ ʢʦʤʧʣʝʢʩʘ ʧʨʠʤʘʨʥʦ ʣʦʢʘʣʠʟʦʚʘʥʦʛ ʥʘ 

ʧʣʘʟʤʘʤʝʤʙʨʘʥʠ, ʘʣʠ ʠ ʥʘ ʤʝʤʙʨʘʥʠ ʥʫʢʣʝʫʩʘ, ʤʠʪʦʭʦʥʜʨʠʿʘ ʠ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʛ 

ʨʝʪʠʢʫʣʫʤʘ, ʥʘʩʪʘʿʝ ʘʢʪʠʚʘʮʠʿʦʤ NOX ʝʥʟʠʤʩʢʦʛ ʢʦʤʧʣʝʢʩʘ ʮʠʪʦʢʠʥʠʤʘ, ʬʘʢʪʦʨʠʤʘ ʨʘʩʪʘ 

ʠʣʠ ʘʛʦʥʠʩʪʠʤʘ ʨʝʮʝʧʪʦʨʘ ʩʧʨʝʛʥʫʪʠʭ ʟʘ G-ʧʨʦʪʝʠʥ. ʂʘʦ ʥʫʩʧʨʦʜʫʢʪ ʥʘʚʝʜʝʥʠʭ ʧʨʦʮʝʩʘ 

ʬʦʨʤʠʨʘ ʩʝ ʆ2
Åī, ʘ ˁʝʛʦʚʦʤ ʜʠʩʤʫʪʘʮʠʿʦʤ, ʢʘʪʘʣʠʟʦʚʘʥʦʤ ʩʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʦʤ (SOD), 

ʥʘʩʪʘʿʝ H2O2 ʢʦʿʠ ʩʝ ʧʦʩʨʝʜʩʪʚʦʤ ʪʨʘʥʩʤʝʤʙʨʘʥʩʢʠʭ ʘʢʚʘʧʦʨʠʥʘ ʪʨʘʥʩʧʦʨʪʫʿʝ ʫ 

ʠʥʪʨʘʮʝʣʫʣʘʨʥʫ ʩʨʝʜʠʥʫ (Ghoneum ʠ ʩʘʨ., 2020). ʇʨʦʜʫʢʮʠʿʘ ROS ʧʫʪʝʤ ʘʢʪʠʚʘʮʠʿʝ 

ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʛ ʨʝʩʧʠʪʘʪʦʨʥʦʛ ʣʘʥʮʘ ʠ  NOX ʧʨʠʢʘʟʘʥʘ ʿʝ ʥʘ ʉʣʠʮʠ 4. 

ʇʦʨʝʜ ʥʘʚʝʜʝʥʠʭ, ʧʨʦʜʫʢʮʠʿʘ ʆ2
Åī ʿʝ ʤʦʛʫ˂ʘ ʠ ʫ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʤ ʨʝʪʠʢʫʣʫʤʫ ʫ 

ʨʝʘʢʮʠʿʘʤʘ ʦʢʩʠʜʘʟʘ ʢʘʦ ʰʪʦ ʩʫ NADPH ʦʢʩʠʜʘʟʘ, ʢʩʘʥʪʠʥ ʦʢʩʠʜʘʟʘ, ʮʠʢʣʦʦʢʩʠʛʝʥʘʟʘ, 

ʣʠʧʦʦʢʩʠʛʝʥʘʟʘ, ʢʘʦ ʠ ʫ ʧʨʦʮʝʩʠʤʘ ʬʘʛʦʮʠʪʦʟʝ ʠ ʜʝʛʨʘʜʘʮʠʿʝ ʢʩʝʥʦʙʠʦʪʠʢʘ ʘʢʪʠʚʥʦʰ˂ʫ 

ʝʥʟʠʤʩʢʦʛ ʢʦʤʧʣʝʢʩʘ ʮʠʪʦʭʨʦʤʘ P450 (Pisoschi ʠ Pop, 2015). ʋ ʮʠʪʦʩʦʣʫ ʆ2
Åī ʩʝ ʤʦʞʝ ʥʘ˂ʠ 

ʫ ʧʨʦʪʦʥʦʚʘʥʦʤ ʦʙʣʠʢʫ ʦʟʥʘʯʝʥʦʤ ʢʘʦ HOOÅ ʢʦʿʠ ʿʝ ʠʥʪʝʥʟʠʚʥʠʿʠ ʦʢʩʠʜʦ/ʨʝʜʫʢʫʿʫ˂ʠ ʘʛʝʥʩ 

ʦʜ ʆ2
Åī ʠ ʫ ʙʠʦʣʦʰʢʠʤ ʩʠʩʪʝʤʠʤʘ ʤʦʞʝ ʠʥʠʮʠʨʘʪʠ ʣʘʥʯʘʥʫ ʨʝʘʢʮʠʿʫ ʣʠʧʠʜʥʝ 

ʧʝʨʦʢʩʠʜʘʮʠʿʝ. ʄʝʹʫʪʠʤ, HOOÅ ʿ ʝ ʠʟʫʟʝʪʥʦ ʥʝʩʪʘʙʠʣʘʥ ʠ ʧʨʠ ʬʠʟʠʦʣʦʰʢʦʿ pH ʚʨʝʜʥʦʩʪʠ ʦʜ 

7.4 ʙʨʟʦ ʜʠʩʦʮʠʨʘ ʥʘ ʆ2
Åī (Pisoschi ʠ Pop, 2015). ʅʘ ˂ʝʣʠʿʩʢʦʤ ʥʠʚʦʫ, ʬʠʟʠʦʣʦʰʢʠ ʩʪʘʙʠʣʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʆ2
Åī ʿʝ ʧʠʢʦʤʦʣʘʨʥʦʛ ʦʧʩʝʛʘ, ʜʦʢ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ H2O2 ʥʘʥʦʤʦʣʘʨʥʦʛ 

 
 

ʉʣʠʢʘ 4. ʇʨʠʤʘʨʥʠ ʝʥʜʦʛʝʥʠ ʛʝʥʝʨʘʪʦʨʠ ROS 

(ʤʦʜʠʬʠʢʦʚʘʥʦ ʠʟ Ghoneum ʠ ʩʘʨ., 2020) 
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ʦʧʩʝʛʘ. ʈʘʟʣʦʛ ʦʚʘʢʚʠʭ ʢʦʥʮʝʥʪʨʘʮʠʦʥʠʭ ʨʘʟʣʠʢʘ ʤʦʞʝ ʙʠʪʠ ʚʠʩʦʢʘ ʥʝʩʪʘʙʠʣʥʦʩʪ ʆ2
Åī ʢʦʿʠ 

ʧʦʜʣʝʞʝ ʨʝʘʢʮʠʿʠ ʜʠʩʤʫʪʘʮʠʿʝ ʢʘʜʘ ʜʚʘ ʤʦʣʝʢʫʣʘ ʆ2
Åī ʤʝʹʫʩʦʙʥʦ ʨʝʘʛʫʿʫ ʩʧʦʥʪʘʥʦ ʠʣʠ ʫʟ 

ʢʘʪʘʣʠʪʠʯʢʫ ʘʢʪʠʚʥʦʩʪ SOD, ʧʨʦʜʫʢʫʿʫ˂ʠ H2O2 (Ghoneum ʠ ʩʘʨ., 2020). ɼʦʜʘʪʥʦ, ʫ 

ʧʨʠʩʫʩʪʚʫ ʧʨʝʣʘʟʥʠʭ ʤʝʪʘʣʘ ʆ2
Åī ʩʝ ʢʦʥʚʝʨʪʫʿʝ ʫ ʠʟʫʟʝʪʥʦ ʨʝʘʢʪʠʚʘʥ  OHÅ, ʘ ʪʘʢʦʹʝ ʚʝʦʤʘ 

ʙʨʟʦ ʨʝʘʛʫʿʝ ʩʘ Nʆ ʛʜʝ ʩʝ ʢʘʦ ʧʨʦʜʫʢʪ ʨʝʘʢʮʠʿʝ ʬʦʨʤʠʨʘ ʚʠʩʦʢʦ ʪʦʢʩʠʯʘʥ ʧʨʦʦʢʩʠʜʘʥʩ, 

ONOOī (Costa ʠ ʩʘʨ., 2021). ʆ2
Åī ʩʝ ʩʤʘʪʨʘ ʧʨʠʤʘʨʥʠʤ ʨʝʘʢʪʠʚʥʠʤ ʤʦʣʝʢʫʣʦʤ ʢʦʿʠ ʫ ʜʘˀʠʤ 

ʨʝʘʢʮʠʿʘʤʘ ʠʥʜʫʢʫʿʝ ʬʦʨʤʠʨʘˁʝ ʩʝʢʫʥʜʘʨʥʠʭ ʪʦʢʩʠʯʥʠʿʠʭ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ, ʪʝ ʩʪʦʛʘ 

ʤʠʥʠʤʘʣʥʘ ʦʜʩʪʫʧʘˁʘ ʦʜ ʬʠʟʠʦʣʦʰʢʠ ʩʪʘʙʠʣʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʤʦʛʫ ʧʦʢʨʝʥʫʪʠ ʙʠʦʣʦʰʢʠ 

ʦʜʛʦʚʦʨ ʢʘʩʢʘʜʥʝ ʧʨʦʜʫʢʮʠʿʝ ROS ʚʦʜʝ˂ʠ ʜʦ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʠ ˂ʝʣʠʿʩʢʝ ʩʤʨʪʠ 

(Ghoneum ʠ ʩʘʨ., 2020). 

ɺʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜ ʿʝ ʥʘʿʩʪʘʙʠʣʥʠʿʠ ʦʙʣʠʢ ROS ʢʦʿʠ ʥʝʤʘ ʥʝʩʧʘʨʝʥʝ ʝʣʝʢʪʨʦʥʝ, ʘʣʠ 

ʫʩʣʝʜ ʭʠʜʨʦʬʠʣʥʦʩʪʠ ʣʘʢʦ ʜʠʬʫʥʜʫʿʝ ʢʨʦʟ ˂ʝʣʠʿʩʢʝ ʤʝʤʙʨʘʥʝ ʧʫʪʝʤ ʘʢʚʘʧʦʨʠʥʘ ʠ ʦʢʩʠʜʫʿʝ 

˂ʝʣʠʿʩʢʝ ʙʠʦʤʘʢʨʦʤʦʣʝʢʫʣʝ ʢʦʿʠ ʤʦʛʫ ʙʠʪʠ ʫʜʘˀʝʥʠ ʦʜ ʤʝʩʪʘ ˁʝʛʦʚʦʛ ʛʝʥʝʨʠʩʘˁʘ. 

ʇʨʠʤʘʨʥʘ ʤʝʩʪʘ ʧʨʦʜʫʢʮʠʿʝ H2O2 ʩʫ ʧʝʨʦʢʩʠʟʦʤʠ ʫ ʢʦʿʠʤʘ ʿʝ ʠʟʨʘʞʝʥʘ ʠʥʭʠʙʠʪʦʨʥʘ 

ʘʢʪʠʚʥʦʩʪ ʢʘʪʘʣʘʟʝ (CAT) ʫ ʮʠˀʫ ʩʧʨʝʯʘʚʘˁʘ ʦʢʩʠʜʘʪʠʚʥʦʛ ʦʰʪʝ˂ʝˁʘ ʦʚʦʛ ˂ʝʣʠʿʩʢʦʛ 

ʢʦʤʧʘʨʪʤʘʥʘ. ʊʘʢʦʹʝ, H2O2 ʤʦʞʝ ʥʘʩʪʘʪʠ ʠ ʫ ʤʠʢʨʦʟʦʤʠʤʘ, ʤʠʪʦʭʦʥʜʠʿʘʤʘ ʠ ʥʘ ˂ʝʣʠʿʩʢʦʿ 

ʤʝʤʙʨʘʥʠ ʧʨʝʚʘʩʭʦʜʥʦ ʜʝʣʦʚʘˁʝʤ ʦʢʩʠʜʘʟʘ (Nimse ʠ Pal, 2015). ʂʘʦ ʰʪʦ ʿʝ ʚʝ˂ ʧʦʤʝʥʫʪʦ, 

ʜʦ ʧʨʦʜʫʢʮʠʿʝ H2O2 ʤʦʞʝ ʜʦ˂ʠ ʜʠʨʝʢʪʥʦ ʜʚʦʝʣʝʢʪʨʦʥʩʢʦʤ ʨʝʜʫʢʮʠʿʦʤ ʤʦʣʝʢʫʣʩʢʦʛ 

ʢʠʩʝʦʥʠʢʘ, ʨʝʜʫʢʮʠʿʦʤ ʆ2
Åī, ʠʣʠ ʫ ʨʝʘʢʮʠʿʠ ʜʠʩʤʫʪʘʮʠʿʝ ʆ2

Åī ʢʘʪʘʣʠʟʦʚʘʥʝ ʝʥʟʠʤʦʤ SOD: 
 

O2 + 2e- Ÿ H2O2  

O2
Åī+ e- + 2H+ Ÿ H2O2  

O2
Åī + O2

ÅīŸ H2O2 

 

 ʅʝʫʪʨʘʣʠʟʘʮʠʿʘ H2O2 ʚʨʰʠ ʩʝ ʝʥʟʠʤʩʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ CAT ʠ ʛʣʫʪʘʪʠʦʥ-ʧʝʨʦʢʩʠʜʘʟʝ 

(GSH-Px) ʢʦʿʝ ʢʘʪʘʣʠʟʫʿʫ ʨʝʜʫʢʮʠʿʫ H2O2 ʜʦ ʚʦʜʝ (Halliwell ʠ Gutteridge, 2015). ʋʢʦʣʠʢʦ ʜʦ 

ʥʝʫʪʨʘʣʠʟʘʮʠʿʝ ʥʝ ʜʦʹʝ, H2O2 ʜʠʨʝʢʪʥʠʤ ʝʬʝʢʪʠʤʘ ʚʨʰʠ ʜʝʛʨʘʜʘʮʠʿʫ ʭʝʤʘ ʫ ʧʨʦʪʝʠʥʠʤʘ ʠ 

ʦʩʣʦʙʘʹʘ ʛʚʦʞʹʝ, ʠʥʘʢʪʠʚʠʨʘ ʧʦʿʝʜʠʥʝ ʝʥʟʠʤʝ, ʦʢʩʠʜʫʿʝ ɼʅʂ, ʣʠʧʠʜʝ ʠ ʪʠʦʣʥʝ ʠ 

ʩʫʣʬʭʠʜʨʠʣʥʝ ʧʨʦʪʝʠʥʩʢʝ ʛʨʫʧʝ (Pisoschi ʠ Pop, 2015). ʆʚʘʢʘʚ ʥʘʯʠʥ ʜʝʣʦʚʘˁʘ ʜʝʰʘʚʘ ʩʝ 

ʢʘʜʘ ʿʝ ʢʦʥʮʝʥʪʨʘʮʠʿʘ H2O2 ʯʝʪʠʨʠ ʧʫʪʘ ʚʝ˂ʘ ʥʝʛʦ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫ ʥʦʨʤʘʣʥʠʤ 

ʬʠʟʠʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ (Nimse ʠ Pal, 2015). ʉʪʦʛʘ ʿʝ ʪʦʢʩʠʯʥʦʩʪ H2O2 ʧʨʝʚʘʩʭʦʜʥʦ 

ʧʦʩʣʝʜʠʮʘ ʠʥʜʠʨʝʢʪʥʦʛ ʜʝʣʦʚʘˁʘ ʢʦʿʝ ʧʦʜʨʘʟʫʤʝʚʘ ʢʦʥʚʝʨʪʦʚʘˁʝ ʦʚʦʛ ʤʦʣʝʢʫʣʘ ʫ 

ʧʨʠʩʫʩʪʚʫ ʨʝʜʫʢʦʚʘʥʠʭ ʧʨʝʣʘʟʥʠʭ ʤʝʪʘʣʘ (Fe2+ ʠʣʠ Cu+) ʫ ʚʠʩʦʢʦ ʨʝʘʢʪʠʚʥʠ OHÅ 

(ʌʝʥʪʦʥʦʚʘ ʨʝʘʢʮʠʿʘ): 
 

H2O2 + Fe2+ Ÿ Fe3+ + OHÅ + OHī 

O2
Åī + Fe3+ Ÿ Fe2+ + O2 

 

OHÅ ʿʝ ʪʘʢʦʹʝ ʧʨʦʜʫʢʪ ʍʘʙʝʨ-ɺʘʿʩʦʚʝ ʨʝʘʢʮʠʿʝ ʢʦʿʘ ʧʦʜʨʘʟʫʤʝʚʘ ʠʥʪʝʨʘʢʮʠʿʫ ʠʟʤʝʹʫ 

H2O2 ʠ ʆ2
Åī ʠ ʟʘʭʪʝʚʘ ʧʨʠʩʫʩʪʚʦ ʤʝʪʘʣʘ ʩʘ ʧʨʦʤʝʥˀʠʚʦʤ ʚʘʣʝʥʮʦʤ (Halliwell ʠ Gutteridge, 

2015):  
 

H2O2 + O2
Åī Ÿ O2 + OHÅ + OHī  

 

ʍʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣ ʿʝ ʤʦʣʝʢʫʣ ʩʘ ʠʟʫʟʝʪʥʦ ʢʨʘʪʢʠʤ in vivo ʧʦʣʫʞʠʚʦʪʦʤ (~ 10-9 

ʩʝʢʫʥʜʠ) ʘʣʠ ʚʠʩʦʢʠʤ ʘʬʠʥʠʪʝʪʦʤ ʧʨʝʤʘ ʛʝʥʝʨʘʣʥʦ ʩʚʠʤ ˂ʝʣʠʿʩʢʠʤ ʦʨʛʘʥʩʢʠʤ ʤʦʣʝʢʫʣʠʤʘ, 

ʫʩʣʝʜ ʯʝʛʘ ʿʝ ʨʝʘʢʮʠʿʘ ʙʨʟʘ ʠ ʣʦʢʘʣʠʟʦʚʘʥʘ ʥʘ ʦʢʦʣʥʝ ʙʠʦʤʦʣʝʢʫʣʝ. ʄʝʹʫʪʠʤ, ʦʢʩʠʜʘʮʠʿʦʤ 
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ʙʠʦʤʦʣʝʢʫʣʘ, ʧʨʝʚʘʩʭʦʜʥʦ ʤʝʤʙʨʘʥʩʢʠʭ ʧʦʣʠʥʝʟʘʩʠ˂ʝʥʠʭ ʤʘʩʥʠʭ ʢʠʩʝʣʠʥʘ, ʦʚʘʿ ʤʦʣʝʢʫʣ 

ʠʥʠʮʠʨʘ ʣʘʥʯʘʥʫ ʨʝʘʢʮʠʿʫ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ ʫ ʢʦʿʦʿ ʜʦʣʘʟʠ ʜʦ ʧʨʦʜʫʢʮʠʿʝ 

ʭʠʜʨʦʧʝʨʦʢʩʠʜʘ, ʥʘʨʫʰʘʚʘ ʩʝ ʠʥʪʝʛʨʠʪʝʪ ˂ʝʣʠʿʩʢʝ ʤʝʤʙʨʘʥʝ ʠ ʧʨʦʜʫʢʫʿʫ ʩʝʢʫʥʜʘʨʥʠ 

ʩʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʨʘʟʣʠʯʠʪʠʭ ʨʝʘʢʪʠʚʥʠʭ ʩʧʦʩʦʙʥʦʩʪʠ (Halliwell ʠ Gutteridge, 2015; Costa 

ʠ ʩʘʨ., 2021). ʆʚʠʤ ʥʘʯʠʥʦʤ ʜʝʣʦʚʘˁʘ OHÅ ʠʟʘʟʠʚʘ ʦʰʪʝ˂ʝˁʘ ˂ʝʣʠʿʘ ʠ ʪʢʠʚʘ ʠ ʤʦʞʝ 

ʠʥʜʫʢʦʚʘʪʠ ˂ʝʣʠʿʩʢʫ ʩʤʨʪ, ʘ ʪʘʢʦ˂ʝ ʠ ʠʥʠʮʠʨʘʪʠ ʢʘʥʮʝʨʦʛʝʥʝʟʫ (Klaunig ʠ Wang, 2018). 

ʅʝʫʪʨʘʣʠʟʘʮʠʿʘ ʦʚʦʛ ʚʠʩʦʢʦ ʨʝʘʢʪʠʚʥʦʛ ʤʦʣʝʢʫʣʘ ʥʠʿʝ ʤʦʛʫ˂ʘ ʜʠʨʝʢʪʥʦʤ ʨʝʘʢʮʠʿʦʤ 

ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ, ʪʝ ʿʝ ʩʪʦʛʘ ʩʪʨʘʪʝʛʠʿʘ ʟʘʰʪʠʪʝ ʦʜ ʪʦʢʩʠʯʥʠʭ ʝʬʝʢʘʪʘ OHÅ ʫʩʤʝʨʝʥʘ ʥʘ 

ʩʫʟʙʠʿʘˁʝ ˁʝʛʦʚʝ ʧʨʦʜʫʢʮʠʿʝ ʢʦʿʝ ʿʝ ʤʦʛʫ˂ʝ ʧʦʩʪʠ˂ʠ ʥʝʫʪʨʘʣʠʟʘʮʠʿʦʤ ʠ ʨʘʟʣʘʛʘˁʝʤ ʆ2
Åī ʠ 

H2O2 ʘʢʪʠʚʥʦʰ˂ʫ ʝʥʟʠʤʘ SOD, CAT, GSH-Px, ʘ ʪʘʢʦʹʝ ʠ ʝʣʠʤʠʥʘʮʠʿʦʤ ʿʦʥʘ Fe2+ ʠʣʠ Cu+ 

(Halliwell ʠ Gutteridge, 2015). 

ʇʦʨʝʜ ROS, ʟʘ ʦʜʨʞʘʚʘˁʝ ʨʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʝ ʙʠʪʥʘ ʿʝ ʠ ʢʦʥʪʨʦʣʠʩʘʥʘ ʧʨʦʜʫʢʮʠʿʘ RNS. 

ʆʚʠ ʨʘʜʠʢʘʣʠ ʤʦʛʫ ʜʘ ʦʢʩʠʜʫʿʫ, ʥʠʪʨʠʨʘʿʫ ʠ ʥʠʪʨʦʟʠʣʫʿʫ ʙʠʦʤʦʣʝʢʫʣʝ ʯʠʤʝ ʜʦʚʦʜʝ ʜʦ 

ʥʘʨʫʰʘʚʘˁʘ ˁʠʭʦʚʝ ʬʫʥʢʮʠʿʝ. ʋ ʦʩʥʦʚʠ ʧʨʦʜʫʢʮʠʿʝ ʩʚʠʭ RNS ʥʘʣʘʟʠ ʩʝ NOÅ, ʥʝʧʦʣʘʨʘʥ 

ʠʥʪʨʘ˂ʝʣʠʿʩʢʠ ʩʠʛʥʘʣʥʠ ʤʦʣʝʢʫʣ ʩʘ ʠʟʨʘʞʝʥʦʤ ʜʠʬʫʟʠʙʠʣʥʦʤ ʩʧʦʩʦʙʥʦʰ˂ʫ, ʢʦʿʠ ʫ ʩʚʦʿʦʿ 

ʩʪʨʫʢʪʫʨʠ ʠʤʘ ʿʝʜʘʥ ʥʝʩʧʘʨʝʥʠ ʝʣʝʢʪʨʦʥ (Halliwell ʠ Gutteridge, 2015). NOÅ ʫʯʝʩʪʚʫʿʝ ʫ 

ʨʝʛʫʣʘʮʠʿʠ ʤʥʦʛʠʭ ʦʩʥʦʚʥʠʭ ˂ʝʣʠʿʩʢʠʭ ʧʨʦʮʝʩʘ ʢʘʦ ʰʪʦ ʩʫ ʧʨʦʣʦʬʝʨʘʮʠʿʘ, ʪʨʘʥʩʢʨʠʧʮʠʿʘ 

ʠ ʨʝʛʫʣʘʮʠʿʘ ʝʥʝʨʛʝʪʩʢʦʛ ʤʝʪʘʙʦʣʠʟʤʘ (Chirino ʠ Pedraza-Chaverri, 2009), ʘ ʪʘʢʦʹʝ ʠ ʫ 

ʨʝʛʫʣʘʮʠʿʠ ʚʘʟʦʜʠʣʘʪʘʮʠʿʝ, ʥʝʫʨʦʪʨʘʥʩʤʠʩʠʿʝ, ʠʤʫʥʩʢʝ ʨʝʘʢʮʠʿʝ ʥʘʩʪʘʣʝ ʢʘʦ ʦʜʛʦʚʦʨ 

ʜʦʤʘ˂ʠʥʘ ʥʘ ʧʨʠʩʫʩʪʚʦ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʧʘʪʦʛʝʥʘ (Costa ʠ ʩʘʨ., 2021). ʉʠʥʪʝʟʘ NOÅ ʚʨʰʠ 

ʩʝ ʝʥʟʠʤʩʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʘʟʦʪ ʦʢʩʠʜ ʩʠʥʪʘʟʘ (ʝʥʛʣ. Nitric Oxide Synthase, NOS) ʫ ʧʨʠʩʫʩʪʚʫ 

ʆ2 ʠ NADPH ʦʢʩʠʜʘʟʝ ʢʘʦ ʢʦʩʫʧʩʪʨʘʪʘ, ʜʦʢ ʢʘʦ ʩʫʧʩʪʨʘʪ, NOS ʢʦʨʠʩʪʝ ʘʤʠʥʦʢʠʩʝʣʠʥʫ L-

ʘʨʛʠʥʠʥ (L-Arg) ʢʦʿʫ ʦʢʩʠʜʫʿʫ ʜʦ ʮʠʪʨʫʣʠʥʘ (Nimse ʠ Pal, 2015). 
 

L-Arg + O2 + NADPH Ÿ NOÅ + ʮʠʪʨʫʣʠʥ 
 

NOS ʧʦʩʪʦʿʝ ʫ ʪʨʠ ʨʘʟʣʠʯʠʪʝ ʝʥʟʠʤʩʢʝ ʠʟʦʬʦʨʤʝ ʥʘʟʚʘʥʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʪʢʠʚʘ ʫ ʢʦʤʝ 

ʩʫ ʧʨʚʠ ʧʫʪ ʠʜʝʥʪʠʬʠʢʦʚʘʥʝ: ʥʝʫʨʘʣʥʘ (nNOS), ʠʥʜʫʮʠʙʠʣʥʘ (iNOS) ʠ ʝʥʜʦʪʝʣʥʘ (eNOS) 

(Chirino ʠ Pedraza-Chaverri, 2009; Costa ʠ ʩʘʨ., 2021).  

ʇʦʨʝʤʝ˂ʘʿ ʫ ʨʝʛʫʣʘʮʠʿʠ ʩʠʥʪʝʟʝ NOÅ ʢʦʿʠ ʜʦʚʦʜʠ ʜʦ ˁʝʛʦʚʝ ʧʨʝʢʦʤʝʨʥʝ ʧʨʦʜʫʢʮʠʿʝ 

ʤʦʞʝ ʠʥʜʫʢʦʚʘʪʠ ʠʩʧʦˀʘʚʘˁʝ ʪʦʢʩʠʯʥʠʭ ʝʬʝʢʘʪʘ ʦʚʦʛ ʤʦʣʝʢʫʣʘ. ʎʠʪʦʪʦʢʩʠʯʥʦʩʪ NOÅ ʿʝ 

ʟʘʩʥʦʚʘʥʘ ʥʘ ˁʝʛʦʚʦʿ ʠʟʫʟʝʪʥʦ ʙʨʟʦʿ ʠʥʪʝʨʘʢʮʠʿʠ ʩʘ O2 ʠ ROS. ʆʢʩʠʜʘʮʠʿʦʤ NOÅ ʧʨʦʜʫʢʫʿʫ 

ʩʝ ʥʠʪʨʘʪʠ (NO3
ī) ʠ NO2

ī, ʢʦʿʠ ʩʝ ʢʦʨʠʩʪʝ ʢʘʦ ʙʠʦʠʥʜʠʢʘʪʦʨʠ NOÅ ʠ ʯʠʿʘ ʧʦʚʝ˂ʘʥʘ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʫʢʘʟʫʿʝ ʥʘ ʥʘʩʪʘʥʘʢ ʥʠʪʨʦʟʘʪʠʚʥʦʛ ʩʪʨʝʩʘ. ɹʨʟʦʤ ʠʥʪʝʨʘʢʮʠʿʦʤ NOÅ ʩʘ ʆ2
Åī, 

ʢʦʿʘ ʧʨʝʚʘʟʠʣʘʟʠ ʙʨʟʠʥʫ SOD ʧʦʩʨʝʜʦʚʘʥʝ ʜʠʩʤʫʪʘʮʠʿʝ ʆ2
Åī, ʧʨʦʜʫʢʫʿʝ ʩʝ ONOO-, ʚʠʩʦʢʦ 

ʨʝʘʢʪʠʚʘʥ ʤʦʣʝʢʫʣ ʯʠʿʠ ʩʫ ʪʦʢʩʠʯʥʠ ʝʬʝʢʪʠ ʧʨʝʤʘ ʙʠʦʣʦʰʢʠʤ ʤʦʣʝʢʫʣʠʤʘ ʠʥʪʝʥʟʠʚʥʠʿʠ 

ʦʜ ʝʬʝʢʘʪʘ NOÅ ʠ ʆ2
Åī (Chirino ʠ Pedraza-Chaverri, 2009, Halliwell ʠ Gutteridge, 2015; Di Meo 

ʠ Venditti, 2020).  
 

NOÅ + O2
Åī Ÿ ONOOī 

 

ʆʚʦʤ ʨʝʘʢʮʠʿʦʤ ʨʝʜʫʢʫʿʝ ʩʝ ʥʠʚʦ ʆ2
Åī ʘʣʠ ʩʝ ʧʦʚʝ˂ʘʚʘ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ONOOī ʢʦʿʠ ʫ 

ʧʨʦʪʦʥʦʚʘʥʦʿ ʬʦʨʤʠ (ONOOH) ʤʦʞʝ ʜʘ ʨʝʘʛʫʿʝ ʩʘ ʩʫʣʬʭʠʜʨʠʣʥʠʤ (-SH) ʛʨʫʧʘʤʘ, ʘ ʪʘʢʦʹʝ 

ʠ ʜʘ ʠʥʜʫʢʫʿʝ ʦʢʩʠʜʘʮʠʿʫ ʠ ʥʠʪʨʘʮʠʿʫ ʣʠʧʠʜʘ ʠ ʧʨʦʪʝʠʥʘ, ʬʨʘʛʤʝʥʪʘʮʠʿʫ ɼʅʂ ʤʦʣʝʢʫʣʘ, 

ʥʠʪʨʘʮʠʿʫ ʠ ʜʝʘʤʠʥʘʮʠʿʫ ʘʟʦʪʥʠʭ ʙʘʟʘ, ʢʘʦ ʠ ʦʢʩʠʜʘʮʠʿʫ ʮʠʩʪʝʠʥʘ, ʤʝʪʠʦʥʠʥʘ, ʠ ʜʨʫʛʠʭ 

ʧʨʦʪʝʠʥʩʢʠʭ ʨʝʟʠʜʫʘ, ʠʟʘʟʠʚʘʿʫ˂ʠ ˁʠʭʦʚʫ ʩʪʨʫʢʪʫʨʥʫ ʜʝʩʪʘʙʠʣʠʟʘʮʠʿʫ ʠ ʠʥʘʢʪʠʚʘʮʠʿʫ 

(Halliwell ʠ Gutteridge, 2015). ʋ ʧʨʠʩʫʩʪʚʫ ʧʨʝʣʘʟʥʠʭ ʤʝʪʘʣʘ ʜʦʣʘʟʠ ʜʦ ʨʝʘʢʮʠʿʝ ʨʘʟʣʘʛʘˁʘ 
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ONOOī ʢʦʿʘ ʿʝ ʢʘʪʘʣʠʟʦʚʘʥʘ ʝʥʟʠʤʩʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ SOD, ʘ ʯʠʿʠ ʩʫ ʧʨʦʜʫʢʪʠ NOÅ2 + OHÅ (Di 

Meo ʠ Venditti, 2020):  
 

ONOOī + H+ Ÿ ONOOH Ÿ NOÅ2 + OHÅ 

 

ʀʘʢʦ ʢʨʘʪʘʢ (~ 10-20 ms), ʧʦʣʫʞʠʚʦʪ ONOOī ʿʝ ʜʦʚʦˀʘʥ ʜʘ ʦʙʝʟʙʝʜʠ ʜʠʬʫʟʠʿʫ ʦʚʦʛ 

ʤʦʣʝʢʫʣʘ ʢʨʦʟ ˂ʝʣʠʿʩʢʝ ʤʝʤʙʨʘʥʝ ʠ ʠʥʪʝʨʘʢʮʠʿʫ ʩʘ ʙʠʦʤʦʣʝʢʫʣʠʤʘ ʣʦʢʘʣʠʟʦʚʘʥʠʤ ʜʘˀʝ ʦʜ 

ʠʥʠʮʠʿʘʣʥʦʛ ʤʝʩʪʘ ˁʝʛʦʚʦʛ ʥʘʩʪʘʥʢʘ, ʯʠʤʝ ʩʝ ʧʦʚʝ˂ʘʚʘ ʤʦʛʫ˂ʥʦʩʪ ʠʥʜʫʢʦʚʘˁʘ 

ʦʢʩʠʜʘʪʠʚʥʠʭ ʦʰʪʝ˂ʝˁʘ ʦʢʦʣʥʠʭ ˂ʝʣʠʿʘ (Szabó ʠ ʩʘʨ, 2007). ʎʠʪʦʪʦʢʩʠʯʥʠ ʝʬʝʢʪʠ 

ʧʝʨʦʢʩʠʥʠʪʨʠʪʘ ʠʩʧʦˀʘʚʘʿʫ ʩʝ ʧʨʝʢʦ ʤʦʛʫ˂ʥʦʩʪʠ ʠʥʠʮʠʿʘʮʠʿʝ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ, 

ʜʠʨʝʢʪʥʝ ʠʥʭʠʙʠʮʠʿʝ ʘʢʪʠʚʥʦʩʪʠ ʝʥʟʠʤʘ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʛ ʨʝʩʧʠʨʘʪʦʨʥʦʛ ʣʘʥʮʘ, 

ʠʥʭʠʙʠʮʠʿʝ ATP-ʘʟʥʝ ʘʢʪʠʚʥʦʩʪʠ Na+/K+ ʧʫʤʧʝ, ʢʘʦ ʠ ʠʥʘʢʪʠʚʘʮʠʿʝ ʪʨʘʥʩʤʝʤʙʨʘʥʩʢʠʭ 

ʥʘʪʨʠʿʫʤʦʚʠʭ ʢʘʥʘʣʘ (Szabo, 2003). 

 

 

2.2. ɽʬʝʢʪʠ ʦʢʩʠʜʘʪʠʚʥʦʛ/ʥʠʪʨʦʟʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʥʘ ʙʠʦʤʦʣʝʢʫʣʝ 

 

ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʨʝʜʦʢʩ ʜʠʩʙʘʣʘʥʩʘ ʧʨʦʫʟʨʦʢʦʚʘʥʦʛ ʧʦʚʝ˂ʘʥʦʤ ʧʨʦʜʫʢʮʠʿʦʤ ROS ʠ RNS 

ʠʣʠ ʩʤʘˁʝʥʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʝʥʟʠʤʘ AOS, ʨʘʟʚʠʿʘ ʩʝ ʦʢʩʠʜʘʪʠʚʥʠ/ʥʠʪʨʦʟʘʪʠʚʥʠ ʩʪʨʝʩ ʢʦʿʠ 

ʬʘʚʦʨʠʟʫʿʝ ʜʘˀʫ ʧʨʦʜʫʢʮʠʿʫ ʩʝʢʫʥʜʘʨʥʠʭ ʠ ʪʝʨʮʠʿʘʨʥʠʭ ʨʝʘʢʪʠʚʥʠʭ ʤʦʣʝʢʫʣʘ ʠʥʜʫʢʫʿʫ˂ʠ 

ʦʢʩʠʜʘʪʠʚʥʘ ʦʰʪʝ˂ʝˁʘ ˂ʝʣʠʿʩʢʠʭ ʙʠʦʤʦʣʝʢʫʣʘ (ʣʠʧʠʜʘ, ʧʨʦʪʝʠʥʘ, ʫʛˀʝʥʠʭ ʭʠʜʨʘʪʘ ʠ 

ʥʫʢʣʝʠʥʩʢʠʭ ʢʠʩʝʣʠʥʘ), ˂ʝʣʠʿʘ ʠ ʪʢʠʚʘ, ʘ ʪʠʤʝ ʠ ˁʠʭʦʚʫ ʜʠʩʬʫʥʢʮʠʿʫ, ʫʙʨʟʘʚʘʿʫ˂ʠ ʥʘ ʪʘʿ 

ʥʘʯʠʥ ʧʨʦʮʝʩ ʩʪʘʨʝˁʘ ʠ ʚʦʜʝ˂ʠ ʜʦ ʨʘʟʚʦʿʘ ʙʨʦʿʥʠʭ ʧʘʪʦʣʦʰʢʠʭ ʩʪʘˁʘ (Halliwell ʠ Gutteridge, 

2015; Nimse ʠ Pal, 2015; Checa ʠ Aran, 2020).  

ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʥʘʿʯʝʰ˂ʝ ʨʝʘʛʫʿʫ ʩʘ ʧʦʣʠʥʝʟʘʩʠ˂ʝʥʠʤ ʤʘʩʥʠʤ ʢʠʩʝʣʠʥʘʤʘ (ʝʥʛʣ. 

polyunsaturated fatty acids ï PUFA) ˂ʝʣʠʿʩʢʝ ʤʝʤʙʨʘʥʝ, ʯʠʿʦʤ ʦʢʩʠʜʘʮʠʿʦʤ ʩʝ ʠʥʠʮʠʨʘ 

ʧʨʦʮʝʩ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ ʢʦʿʘ ʟʘ ʧʦʩʣʝʜʠʮʫ ʠʤʘ ʨʝʜʫʢʦʚʘˁʝ ʬʣʫʠʜʥʦʩʪʠ ˂ʝʣʠʿʩʢʝ 

ʤʝʤʙʨʘʥʝ, ʥʝʘʜʝʢʚʘʪʥʫ ʩʝʤʠʧʝʨʤʝʘʙʠʣʥʦʩʪ, ʘ ʪʘʢʦʹʝ ʠ ʧʦʨʝʤʝ˂ʝʥʫ ʬʫʥʢʮʠʦʥʘʣʥʦʩʪ 

ʤʝʤʙʨʘʥʩʢʠʭ ʧʨʦʪʝʠʥʘ (ʝʥʟʠʤʘ, ʨʝʮʝʧʪʦʨʘ ʠ ʪʨʘʥʩʧʦʨʪʥʠʭ ʧʨʦʪʝʠʥʘ). ʋ ʩʢʣʘʜʫ ʩʘ 

ʬʠʟʠʦʣʦʰʢʠʤ ʧʦʪʨʝʙʘʤʘ, ʥʘʚʝʜʝʥʠʤ ʧʨʦʮʝʩʠʤʘ ʩʝ ʨʝʛʫʣʠʰʝ ʧʝʨʤʝʘʙʠʣʥʦʩʪ ˂ʝʣʠʿʩʢʝ 

ʤʝʤʙʨʘʥʝ, ʚʨʰʠ ʤʝʪʘʙʦʣʠʟʘʤ ʣʠʧʠʜʥʠʭ ʠ ʧʨʦʪʝʠʥʩʢʠʭ ʤʦʣʝʢʫʣʘ, ʠ ʢʦʥʪʨʦʣʘ 

ʧʨʦʣʠʬʝʨʘʮʠʿʝ ʠ ʘʧʦʧʪʦʟʝ ˂ʝʣʠʿʘ (Halliwell ʠ Gutteridge, 2015). ʃʠʧʠʜʥʘ ʧʝʨʦʢʩʠʜʘʮʠʿʘ ʿʝ 

ʚʠʩʦʢʦ ʜʝʩʪʨʫʢʪʠʚʘʥ ʘʫʪʦʢʘʪʘʣʠʟʦʚʘʥ ʧʨʦʮʝʩ ʢʦʿʠ ʩʝ ʦʜʚʠʿʘ ʫ ʚʠʜʫ ʣʘʥʯʘʥʝ ʨʝʘʢʮʠʿʝ ʪʦʢʦʤ 

ʢʦʿʝ ʩʝ ʧʨʦʜʫʢʫʿʫ ʣʠʧʠʜʥʠ ʧʝʨʦʢʩʠʜʠ (LPO). ʀʥʠʮʠʿʘʮʠʿʘ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ ʚʨʰʠ ʩʝ 

ʦʜʫʟʠʤʘˁʝʤ H+ ʠʟ ʤʝʪʠʣʝʥʩʢʝ ʛʨʫʧʝ ʥʝʟʘʩʠ˂ʝʥʝ ʤʘʩʥʝ ʢʠʩʝʣʠʥʝ ʣʠʧʠʜʘ (LH) ʦʜ ʩʪʨʘʥʝ 

ʨʘʜʠʢʘʣʘ (RÅ), ʥʘʿʯʝʰ˂ʝ OHÅ, ʫʩʣʝʜ ʯʝʛʘ ʩʝ ʛʝʥʝʨʠʰʝ ʣʠʧʠʜʥʠ ʨʘʜʠʢʘʣ (LÅ) (Nimse ʠ Pal, 

2015): 
 

LH + RÅ Ÿ LÅ + RH 
 

ʋ ʘʝʨʦʙʥʠʤ ʫʩʣʦʚʠʤʘ ʣʠʧʠʜʥʠ ʨʘʜʠʢʘʣ ʨʝʘʛʫʿʝ ʩʘ O2 ʬʦʨʤʠʨʘʿʫ˂ʠ ʠʟʫʟʝʪʥʦ ʨʝʘʢʪʠʚʘʥ 

ʧʝʨʦʢʩʠʣ ʨʘʜʠʢʘʣ (LOOÅ) ʢʦʿʠ ʧʨʝʫʟʠʤʘˁʝʤ H+ ʘʪʦʤʘ ʩʘ ʜʨʫʛʦʛ ʣʠʧʠʜʥʦʛ ʤʦʣʝʢʫʣʘ 

ʧʨʦʜʫʢʫʿʝ ʥʦʚ ʣʠʧʠʜʥʠ ʨʘʜʠʢʘʣ ʠ ʣʠʧʠʜʥʠ ʭʠʜʨʦʧʝʨʦʢʩʠʜ (LOOH): 
 

LÅ + O2 Ÿ LOOÅ 

LOOÅ + LH Ÿ LOOH + L Å 
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 ʃʠʧʠʜʥʠ ʭʠʜʨʦʧʝʨʦʢʩʠʜʠ ʩʝ ʫ ʧʨʠʩʫʩʪʚʫ Fe2+
 ʠʣʠ ʉu+ ʨʘʟʣʘʞʫ ʥʘ ʨʝʘʢʪʠʚʥʠʿʝ 

ʨʘʜʠʢʘʣʩʢʝ ʚʨʩʪʝ, ʘʣʢʦʢʩʠʣ ʨʘʜʠʢʘʣ (LOÅ) ʠʣʠ LOOÅ, ʢʦʿʠ ʤʦʛʫ ʨʝʘʛʦʚʘʪʠ ʩʘ ʜʨʫʛʠʤ 

ʣʠʧʠʜʠʤʘ ʬʦʨʤʠʨʘʿʫ˂ʠ LÅ ʠ ʣʠʧʠʜʥe ʘʣʜʝʭʠʜe (LOH): 
 

Fe2+ + LOOH Ÿ Fe3+ + OHÅ + LOÅ  

LOÅ + LH Ÿ LÅ + LOH  

Fe3+ + LOOH Ÿ Fe2+ + LOOÅ + H+ 
 

ʋʩʣʝʜ ʤʦʛʫ˂ʥʦʩʪʠ ʧʦʥʦʚʥʦʛ ʦʢʩʠʜʦʚʘˁʘ PUFA ʠ ʧʨʦʜʫʢʦʚʘˁʘ ʩʝʢʫʥʜʘʨʥʠʭ ʠ 

ʪʝʨʮʠʿʝʨʥʠʭ ʨʘʜʠʢʘʣʘ, ʧʝʨʦʢʩʠʣ ʨʘʜʠʢʘʣ ʠ ʣʠʧʠʜʥʠ ʭʠʜʨʦʧʝʨʦʢʩʠʜ, ʯʠʿʦʤ ʜʠʩʦʮʠʿʘʮʠʿʦʤ 

ʥʘʩʪʘʿʝ ʠʟʫʟʝʪʥʦ ʨʝʘʢʪʠʚʘʥ ʘʣʢʦʢʩʠʣ ʨʘʜʠʢʘʣ, ʩʫ ʥʦʩʠʦʮʠ ʣʘʥʯʘʥʝ ʨʝʘʢʮʠʿʝ ʣʠʧʠʜʥʝ 

ʧʝʨʦʢʩʠʜʘʮʠʿʝ. ʋʢʦʣʠʢʦ ʜʦʹʝ ʜʦ ʤʝʹʫʩʦʙʥʠʭ ʠʥʪʝʨʘʢʮʠʿʝ ʜʚʘ LÅ, ʜʚʘ LOOÅ ʠʣʠ LÅ ʠ LOOÅ 

ʣʠʧʠʜʥʘ ʧʝʨʦʢʩʠʜʘʮʠʿʘ ʩʝ ʤʦʞʝ ʧʨʝʢʠʥʫʪʠ. ʇʦʿʝʜʠʥʠ ʘʥʪʠʦʢʩʠʜʘʥʩʠ, ʢʘʦ ʰʪʦ ʩʫ 

ʛʣʫʪʘʪʠʦʥʠ, ʝʥʟʠʤʠ ʛʣʫʪʘʪʠʦʥ ʨʝʜʦʢʩ ʮʠʢʣʫʩʘ, ʘʩʢʦʨʙʠʥʩʢʘ ʢʠʩʝʣʠʥʘ (Vit  C), ʧʦʿʝʜʠʥʠ 

ʧʦʣʠʬʝʥʦʣʠ, ʪʘʢʦʹʝ ʠʤʘʿʫ ʤʦʛʫ˂ʥʦʩʪ ʧʨʝʢʠʜʘ ʣʘʥʯʘʥʝ ʨʝʘʢʮʠʿʝ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ 

ʫʩʣʝʜ ʜʠʨʝʢʪʥʝ ʥʝʫʪʨʘʣʠʟʘʮʠʿʝ ʦʚʠʭ ʣʠʧʠʜʥʠʭ ʨʘʜʠʢʘʣʘ. ʇʦʨʝʜ ʥʘʨʫʰʘʚʘˁʘ ʠʥʪʝʛʨʠʪʝʪʘ 

˂ʝʣʠʿʩʢʝ ʤʝʤʙʨʘʥʝ, ʧʦʩʣʝʜʠʮʘ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ ʿʝ ʠ ʛʝʥʝʨʠʩʘˁʝ ʘʣʜʝʭʠʜʘ, ʙʠʦʣʦʰʢʠ 

ʘʢʪʠʚʥʠʭ ʿʝʜʠˁʝˁʘ ʢʦʿʘ ʜʠʬʫʥʜʫʿʫ ʩʘ ʧʨʚʦʙʠʪʥʦʛ ʤʝʩʪʘ ʥʘʩʪʘʥʢʘ ʫ ʜʨʫʛʝ ˂ʝʣʠʿʩʢʝ 

ʢʦʤʧʘʨʪʤʘʥʝ, ʛʜʝ ʤʦʛʫ ʠʥʜʫʢʦʚʘʪʠ ʦʰʪʝ˂ʝˁʘ ɼʅʂ ʠ ʧʨʦʪʝʠʥʘ (Nimse ʠ Pal, 2015). 
ʅʘʿʪʦʢʩʠʯʥʠʿʠ ʤʝʹʫ ˁʠʤʘ ʩʫ 4-ʭʠʜʨʦʢʩʠ-2,3-ʪʨʘʥʩʥʦʥʝʥʘʣ (HNE) ʠ ʤʘʣʦʥʜʠʘʣʜʝʭʠʜ 

(MDA) ʥʘ ʦʩʥʦʚʫ ʯʠʿʠʭ ʠʟʤʝʨʝʥʠʭ ʢʦʥʮʝʥʪʨʘʮʠʿʘ ʩʝ ʤʦʞʝ ʦʜʨʝʜʠʪʠ ʩʪʝʧʝʥ ʦʰʪʝ˂ʝˁʘ 

˂ʝʣʠʿʩʢʠʭ ʤʝʤʙʨʘʥʘ (Valko ʠ ʩʘʨ., 2007). ɸʢʫʤʫʣʘʮʠʿʦʤ ʦʢʩʠʜʘʪʠʚʥʠʭ ʦʰʪʝ˂ʝˁʘ ʫ ʪʢʠʚʠʤʘ, 

ʥʘʩʪʘʣʠʭ ʢʘʦ ʧʦʩʣʝʜʠʮʘ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ, ʜʦʣʘʟʠ ʜʦ ʜʠʩʬʫʥʢʮʠʿʝ ˂ʝʣʠʿʘ ʠ ʪʢʠʚʘ 

ʫʩʣʝʜ ʯʝʛʘ ʩʝ ʫʙʨʟʘʚʘ ʩʪʘʨʝˁʝ ʦʨʛʘʥʠʟʤʘ ʠ ʠʥʜʫʢʫʿʝ ʨʘʟʚʦʿ ʤʥʦʛʠʭ ʙʦʣʝʩʪʠ ʢʘʦ ʰʪʦ ʩʫ 

ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʝ ʠ ʥʝʫʨʦʜʝʛʝʥʝʨʘʪʠʚʥʝ ʙʦʣʝʩʪʠ, ʜʠʿʘʙʝʪʝʩ ʠ ʘʪʝʨʦʩʢʣʝʨʦʟʘ, ʙʦʣʝʩʪʠ ʿʝʪʨʝ 

ʠ ʙʫʙʨʝʛʘ ʠ ʨʘʟʚʦʿ ʪʫʤʦʨʘ (Negre-Salvayre ʠ ʩʘʨ., 2010).  

ɿʙʦʛ ʫʢˀʫʯʝʥʦʩʪʠ ʫ ʤʥʦʛʦʙʨʦʿʥʝ ʝʩʝʥʮʠʿʘʣʥʝ ˂ʝʣʠʿʩʢʝ ʬʫʥʢʮʠʿʝ ʢʘʦ ʰʪʦ ʩʫ 

ʪʨʘʥʩʜʫʢʮʠʿʘ ʩʠʛʥʘʣʘ, ʜʝʦʙʘ, ʠ ˂ʝʣʠʿʩʢʠ ʪʨʘʥʩʧʦʨʪ, ʧʨʦʪʝʠʥʠ, ʛʣʘʚʥʝ ʢʦʤʧʦʥʝʥʪʝ 

ʙʠʦʣʦʰʢʠʭ ʩʠʩʪʝʤʘ, ʩʫ ʪʘʢʦʹʝ ʮʠˀʥʠ ʤʦʣʝʢʫʣʠ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ. ʉʣʦʙʦʜʥʠ ʨʘʜʠʢʘʣʠ ʫ 

ʧʨʠʩʫʩʪʚʫ ʿʦʥʘ ʧʨʝʣʘʟʥʠʭ ʤʝʪʘʣʘ, ʤʦʛʫ ʠʥʪʝʨʘʛʦʚʘʪʠ ʩʘ ʛʦʪʦʚʦ ʩʚʠʤ ʘʤʠʥʦʢʠʩʝʣʠʥʘʤʘ 

ʧʨʦʪʝʠʥʘ, ʦʜ ʢʦʿʠʭ ʩʫ ʙʦʯʥʝ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʝ ʩʝʢʚʝʥʮʝ, ʧʦʩʝʙʥʦ ʤʝʪʠʦʥʠʥ, ʮʠʩʪʝʠʥ, ʣʠʟʠʥ, 

ʧʨʦʣʠʥ, ʭʠʩʪʠʜʠʥ ʠ ʘʨʛʠʥʠʥ, ʠʟʫʟʝʪʥʦ ʦʩʝʪˀʠʚʝ ʥʘ ʦʢʩʠʜʘʪʠʚʥʘ ʦʰʪʝ˂ʝˁʘ (Bokov ʠ ʩʘʨ., 

2004; Nimse ʠ Pal, 2015). ʈʝʘʢʮʠʿʝ ʢʦʿʠʤʘ ʩʝ ʠʥʜʫʢʫʿʫ ʦʢʩʠʜʘʪʠʚʥʘ ʦʰʪʝ˂ʝˁʘ ʧʨʦʪʝʠʥʘ ʤʦʛʫ 

ʙʠʪʠ ʨʘʟʣʠʯʠʪʝ: ʦʜʫʟʠʤʘˁʝ H+, ʨʝʘʢʮʠʿʘ ʘʜʠʮʠʿʝ, ʛʫʙʠʪʘʢ ʭʠʩʪʠʜʠʥʩʢʝ ʨʝʟʠʜʫʝ, ʫʥʘʢʨʩʥʦ 

ʧʦʚʝʟʠʚʘˁʝ ʜʚʘ ʪʠʨʦʟʠʥʘ, ʥʘʩʪʘʥʘʢ ʭʠʜʨʦʢʩʠʣʥʠʭ ʠ ʢʘʨʙʦʥʠʣʥʠʭ ʛʨʫʧʘ, ʬʦʨʤʠʨʘˁʝ ʜʠʤʝʨʘ 

ʢʘʦ ʠ ʬʨʘʛʤʝʥʪʘʮʠʿʘ ʧʨʦʪʝʠʥʘ; ʠ ʫʛʣʘʚʥʦʤ ʩʫ ʠʥʠʮʠʨʘʥʝ ʤʦʣʝʢʫʣʦʤ OHÅ. ʍʠʜʨʦʢʩʠʣ 

ʨʘʜʠʢʘʣ, ʦʜʫʟʠʤʘˁʝʤ ʿʦʥʘ H+ ʠʟ ʧʨʦʪʝʠʥʩʢʝ ʧʦʣʠʧʝʧʪʠʜʥʝ ʢʠʯʤʝ, ʠʥʜʫʢʫʿʝ ʬʦʨʤʠʨʘˁʝ 

ʚʝʣʠʢʦʛ ʙʨʦʿʘ ʧʨʦʪʝʠʥʩʢʠʭ ʨʘʜʠʢʘʣʘ ʢʦʿʠ ʫ ʘʝʨʦʙʥʠʤ ʫʩʣʦʚʠʤʘ ʤʦʛʫ ʠʥʪʝʨʘʛʦʚʘʪʠ ʩʘ ʆ2 ʠ 

ʧʨʦʜʫʢʦʚʘʪʠ ʧʝʨʦʢʩʠʣ ʨʘʜʠʢʘʣʝ, ʢʦʿʠ ʩʝ ʜʘˀʝ ʫ ʨʝʘʢʮʠʿʠ ʩʘ ʭʠʜʨʦʧʝʨʦʢʩʠʣ ʨʘʜʠʢʘʣʦʤ 

ʢʦʥʚʝʨʪʫʿʫ ʜʦ ʘʣʢʠʣ, ʘʣʢʦʢʩʠʣ ʠ ʘʣʢʠʣʧʝʨʦʢʩʠʣ ʨʘʜʠʢʘʣʘ. ʆʚʠ ʨʘʜʠʢʘʣʠ ʩʫ ʩʧʦʩʦʙʥʠ ʜʘ 

ʮʝʧʘˁʝʤ ʧʝʧʪʠʜʥʠʭ ʚʝʟʘ ʠʥʜʫʢʫʿʫ ʩʝʢʫʥʜʘʨʥʘ ʦʰʪʝ˂ʝˁʘ ʥʘ ʜʨʫʛʠʤ ʧʨʦʪʝʠʥʩʢʠʤ 

ʤʦʣʝʢʫʣʠʤʘ (Valko ʠ ʩʘʨ., 2007). ʇʦʿʝʜʠʥʘ ʦʢʩʠʜʘʪʠʚʥʘ ʦʰʪʝ˂ʝˁʘ ʧʨʦʪʝʠʥʘ ʩʫ 

ʨʝʚʝʨʟʠʙʠʣʥʘ ʠ ʤʦʛʫ ʩʝ ʨʝʧʘʨʠʨʘʪʠ, ʜʦʢ ʩʫ ʧʦʿʝʜʠʥʘ ʠʨʝʚʝʨʟʠʙʠʣʥʘ ʪʝ ʩʝ ʩʪʦʛʘ ʪʘʢʚʠ 

ʧʨʦʪʝʠʥʠ ʤʦʨʘʿʫ ʝʣʠʤʠʥʠʩʘʪʠ ʠʟ ˂ʝʣʠʿʝ. ʂʘʦ ʧʦʩʣʝʜʠʮʘ ʠʥʜʫʢʦʚʘʥʠʭ ʦʰʪʝ˂ʝˁʘ, ʥʘʨʫʰʘʚʘ 

ʩʝ ʩʪʨʫʢʪʫʨʘ ʧʨʦʪʝʠʥʘ ʯʠʤʝ ʦʥ ʧʦʩʪʘʿʝ ʥʝʬʫʥʢʮʠʦʥʘʣʘʥ. ɻʫʙʠʪʘʢ ʬʫʥʢʮʠʿʝ ʧʦʿʝʜʠʥʠʭ 

ʧʨʦʪʝʠʥʘ, ʥʧʨ. ʨʝʮʝʧʪʦʨʘ, ʩʠʛʥʘʣʥʠʭ ʧʨʦʪʝʠʥʘ, ʝʥʟʠʤʘ, ʪʨʘʥʩʧʦʨʪʥʠʭ ʠ ʩʪʨʫʢʪʫʨʥʠʭ 
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ʧʨʦʪʝʠʥʘ, ʘʥʪʠʪʝʣʘ, ʤʦʞʝ ʠʤʘʪʠ ʦʟʙʠˀʥʝ ʧʦʩʣʝʜʠʮʝ ʥʘ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʦʨʛʘʥʠʟʤʘ 

(Halliwell ʠ Gutteridge, 2015). 

ʍʠʜʨʦʢʩʠʣ ʨʘʜʠʢʘʣ, ʢʘʦ ʥʘʿʨʝʘʢʪʠʚʥʠʿʘ ʩʣʦʙʦʜʥʦʨʘʜʠʢʘʣʩʢʘ ʚʨʩʪʘ, ʠʤʘ ʚʠʩʦʢ ʘʬʠʥʠʪʝʪ 

ʧʨʝʤʘ ʤʦʣʝʢʫʣʫ ɼʅʂ ʠ ʨʝʘʛʫʿʝ ʩʘ ʩʚʠʤ ˁʝʛʦʚʠʤ ʩʘʩʪʘʚʥʠʤ ʢʦʤʧʦʥʝʥʪʘʤʘ, ʧʫʨʠʥʩʢʠʤ ʠ 

ʧʠʨʠʤʠʜʠʥʩʢʠʤ ʙʘʟʘʤʘ, ʢʘʦ ʠ ʩʘ ʜʝʟʦʢʩʠʨʠʙʦʟʦʤ ʥʫʢʣʝʦʪʠʜʘ. ʍʠʜʨʦʢʩʠʣʥʠ ʨʘʜʠʢʘʣ ʿʝ 

ʩʧʦʩʦʙʘʥ ʜʘ ʨʝʘʢʮʠʿʦʤ ʘʜʠʮʠʿʝ ʠʥʪʝʨʘʛʫʿʝ ʩʘ ʙʘʟʥʠʤ ʧʘʨʦʚʠʤʘ ɼʅʂ, ʜʦʢ ʩʝ ˁʝʛʦʚʘ 

ʠʥʝʨʘʢʮʠʿʘ ʩʘ ʤʝʪʠʣ ʛʨʫʧʦʤ ʪʠʤʠʥʘ ʠ ʩʘ ʫʛˀʝʥʠʢʦʚʠʤ ʘʪʦʤʠʤʘ 2'-ʜʝʟʦʢʩʠʨʠʙʦʟʝ ʟʘʩʥʠʚʘ ʥʘ 

ʦʜʫʟʠʤʘˁʫ H+, ʧʨʠ ʯʝʤʫ ʩʝ ʬʦʨʤʠʨʘʿʫ ʨʘʜʠʢʘʣʠ ɼʅʂ ʙʘʟʘ ʠ ʘʣʠʣʥʠ ʨʘʜʠʢʘʣʠ ʪʠʤʠʥʘ ʠ 2'-

ʜʝʟʦʢʩʠʨʠʙʦʟʝ (Nimse ʠ Pal, 2015). ʅʘʩʪʘʣʠ ʨʘʜʠʢʘʣʠ ʜʘˀʝ ʤʦʜʠʬʠʢʫʿʫ ʙʘʟʥʝ ʠ ʰʝ˂ʝʨʥʝ 

ʢʦʤʧʦʥʝʥʪʘ ɼʅʂ ʠʥʜʫʢʫʿʫ˂ʠ ʧʨʦʤʝʥʝ ʥʘ ɼʅʂ ʤʦʣʝʢʫʣʫ ʫ ʚʠʜʫ ʣʝʟʠʿʘ ʘʟʦʪʥʠʭ ʙʘʟʘ, 

ʫʥʘʢʨʩʥʦʛ ʧʦʚʝʟʠʚʘˁʘ ɼʅʂ ʩʘ ʧʨʦʪʝʠʥʠʤʘ ʢʘʦ ʠ ʧʨʝʢʠʜʘ ʿʝʜʥʦʣʘʥʯʘʥʝ ʠ ʜʚʦʣʘʥʯʘʥʝ 

ʩʪʨʫʢʪʫʨʝ. ʆʚʠ ʪʠʧʦʚʠ ʦʰʪʝ˂ʝˁʘ ɼʅʂ ʤʦʣʝʢʫʣʘ ʤʦʛʫ ʜʘ ʟʘʫʩʪʘʚʝ ʠʣʠ ʫʙʨʟʘʿʫ 

ʪʨʘʥʩʢʨʠʧʮʠʿʫ, ʠʥʜʫʢʫʿʫ ʨʘʟʣʠʯʠʪʝ ʧʫʪʝʚʝ ʪʨʘʥʩʜʫʢʮʠʿʝ ʩʠʛʥʘʣʘ, ʛʨʝʰʢʝ ʪʦʢʦʤ ʧʨʦʮʝʩʘ 

ʨʝʧʣʠʢʘʮʠʿʝ ʠ ʛʝʥʦʤʩʢʫ ʥʝʩʪʘʙʠʣʥʦʩʪ. ʋʢʦʣʠʢʦ ʥʝ ʜʦʹʝ ʜʦ ʨʝʧʘʨʘʮʠʿʝ ʦʰʪʝ˂ʝʥʦʛ ʜʝʣʘ ɼʅʂ 

ʤʦʣʝʢʫʣʘ ʘʢʪʠʚʘʮʠʿʦʤ ʢʦʤʧʦʥʝʥʪʠ ʩʠʩʪʝʤʘ ʟʘ ʧʦʧʨʘʚʢʫ ɼʅʂ, ʛʝʥʝʪʩʢʠ ʤʘʪʝʨʠʿʘʣ ʩʝ ʪʨʘʿʥʦ 

ʤʦʜʠʬʠʢʫʿʝ ʚʦʜʝ˂ʠ ʢʘ ʨʘʟʚʦʿʫ ʤʫʪʘʮʠʿʘ ʢʦʿʝ ʩʫ ʧʨʝʜʫʩʣʦʚ ʟʘ ʢʘʥʮʝʨʦʛʝʥʝʟʫ (Valko ʠ ʩʘʨ., 

2007).    

 

 

2.3. Aʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʦʜʙʨʘʤʙʝʥʠ ʩʠʩʪʝʤ  

 

ʇʝʨʤʘʥʝʥʪʥʘ ʠʟʣʦʞʝʥʦʩʪ ʘʝʨʦʙʥʠʭ ʦʨʛʘʥʠʟʘʤʘ ʦʢʩʠʜʘʪʠʚʥʦʤ ʜʝʣʦʚʘˁʫ ʢʠʩʝʦʥʠʢʘ 

ʫʩʣʦʚʠʣʘ ʿʝ ʨʘʟʚʦʿ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʟʘʰʪʠʪʥʦʛ ʩʠʩʪʝʤʘ ʢʦʿʠ Ăʭʚʘʪʘˁʝʤñ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ 

ʥʝʫʪʨʘʣʠʰʝ ˁʠʭʦʚʦ ʜʝʿʩʪʚʦ ʯʠʤʝ ʦʜʣʘʞʝ, ʩʧʨʝʯʘʚʘ ʠʣʠ ʫʢʣʘˁʘ ʦʢʩʠʜʘʪʠʚʥʘ ʦʰʪʝ˂ʝˁʘ 

˂ʝʣʠʿʩʢʠʭ ʙʠʦʤʦʣʝʢʫʣʘ (Halliwell ʠ Gutteridge, 2015). ʇʦʩʪʦʿʘˁʝ ʦʚʦʛ ʩʠʩʪʝʤʘ ʟʘʰʪʠʪʝ 

ʦʙʝʟʙʝʹʫʿʝ ʦʜʨʞʘʚʘˁʝ ʨʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʝ, ʦʜʥʦʩʥʦ ʧʨʦʜʫʢʮʠʿʝ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʥʘ 

ʬʠʟʠʦʣʦʰʢʦʤ ʥʠʚʦʫ ʥʝʦʧʭʦʜʥʦʤ ʟʘ ʧʨʘʚʠʣʥʦ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ˂ʝʣʠʿʝ. ɼʘ ʙʠ ʘʥʪʠʦʢʩʠʜʘʥʩ 

ʝʬʠʢʘʩʥʦ ʦʜʞʘʚʘʦ ˂ʝʣʠʿʩʢʫ ʨʝʜʦʢʩ ʩʪʘʙʠʣʥʦʩʪ ʧʦʪʨʝʙʥʦ ʿʝ ʜʘ ʧʦʩʝʜʫʿʝ ʩʧʦʩʦʙʥʦʩʪ: 

 

¶ ʜʠʨʝʢʪʥʝ ʥʝʫʪʨʘʣʠʟʘʮʠʿʝ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ;  

¶ ʭʝʣʠʨʘˁʘ ʤʝʪʘʣʥʠʭ ʧʨʦʦʢʩʠʜʘʥʘʩʘ; 

¶ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʜʨʫʛʠʤ ʘʥʪʠʦʢʩʠʜʘʥʩʠʤʘ ʢʦʿʝ ʨʝʛʝʥʝʨʠʰʝ; 

¶ ʧʦʟʠʪʠʚʥʦʛ ʫʪʠʮʘʿʘ ʥʘ ʛʝʥʩʢʫ ʝʢʩʧʨʝʩʠʿʫ; 

¶ ʚʘʨʠʨʘˁʘ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʫ ʪʝʣʝʩʥʠʤ ʪʝʯʥʦʩʪʠʤʘ ʠ ʪʢʠʚʠʤʘ ʫ ʩʢʣʘʜʫ ʩʘ 

ʬʠʟʠʦʣʦʰʢʠʤ ʧʦʪʨʝʙʘʤʘ ʦʨʛʘʥʠʟʤʘ; 

¶ ʦʣʘʢʰʘʥʝ ʘʧʩʦʨʧʮʠʿʝ; 

¶ ʘʢʪʠʚʘʮʠʿʝ ʢʘʢʦ ʫ ʚʦʜʝʥʠʤ ʪʘʢʦ ʠ ʫ ʣʠʧʠʜʥʠʤ ˂ʝʣʠʿʩʢʠʤ ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ (Valko 

ʠ ʩʘʨ., 2007).  

 

ʋ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʤʝʩʪʘ ʧʦʨʝʢʣʘ ʘʥʪʠʦʢʩʠʜʘʥʩʠ ʩʫ ʧʦʜʝˀʝʥʠ ʥʘ ʝʛʟʦʛʝʥʝ (ʩʧʦˀʘʰˁʝ 

ʘʥʪʠʦʢʩʠʜʘʥʩʝ ʢʦʿʠ ʩʝ ʫ ʦʨʛʘʥʠʟʘʤ ʫʥʦʩʝ ʠʩʭʨʘʥʦʤ; ʧʨʠʨʦʜʥʠ ʠ ʩʠʥʪʝʪʠʯʢʠ ʘʥʪʠʦʢʩʠʜʘʥʩʠ) 

ʠ ʝʥʜʦʛʝʥʝ (ʩʠʥʪʝʪʠʩʘʥʝ ʫʥʫʪʘʨ ʦʨʛʘʥʠʟʤʘ), ʜʦʢ ʿʝ ʧʦʜʝʣʘ ʥʘ ʧʨʠʤʘʨʥʫ ʠ ʩʝʢʫʥʜʘʨʥʫ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʫ ʟʘʰʪʠʪʫ ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʝʭʘʥʠʟʤʫ ˁʠʭʦʚʦʛ ʜʝʣʦʚʘˁʘ. ʇʨʠʤʘʨʥʫ ʟʘʰʪʠʪʫ 

ʦʙʝʟʙʝʹʫʿʫ ʝʥʟʠʤʩʢʝ ʠ ʥʝʝʥʟʠʤʩʢʝ ʢʦʤʧʦʥʝʥʪʝ AOS-a ʢʦʿʝ ʬʫʥʢʮʠʦʥʠʰʫ ʢʘʢʦ ʧʨʠ 

ʬʠʟʠʦʣʦʰʢʠ ʩʪʘʙʠʣʥʠʤ, ʪʘʢʦ ʠ ʫ ʫʩʣʦʚʠʤʘ ʜʝʩʪʘʙʠʣʠʟʘʮʠʿʝ ʨʝʜʦʢʩ ʨʘʚʥʦʪʝʞʝ ʠʥʜʫʢʦʚʘʥʝ 

ʧʦʚʝ˂ʘʥʦʤ ʧʨʦʜʫʢʮʠʿʦʤ ROS-a (ʉʣʠʢʘ 5). ʉʝʢʫʥʜʘʨʥʘ ʟʘʰʪʠʪʘ, ʨʝʧʘʨʘʮʠʿʘ ʥʘʩʪʘʣʠʭ 
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ʦʢʩʠʜʘʪʠʚʥʠʭ ʦʰʪʝ˂ʝˁʘ ʙʠʦʤʦʣʝʢʫʣʘ, ʦʙʝʟʙʝʹʝʥʘ ʿʝ ʘʢʪʠʚʥʦʰ˂ʫ ʝʥʟʠʤʘ ʢʦʿʠʤʘ ʫʣʦʛʘ 

ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ ʥʠʿʝ ʧʨʠʤʘʨʥʘ. ʊʘʢʚʠ ʝʥʟʠʤʠ ʩʫ ʧʦʿʝʜʠʥʝ ʧʨʦʪʝʠʥ-ʩʧʝʮʠʬʠʯʥʝ 

ʦʢʩʠʜʦʨʝʜʫʢʪʘʟʝ (ʧʨʦʪʝʠʥ-ɸDP-ʨʠʙʦʟʠʣ-ʪʨʘʥʩʬʝʨʘʟʘ, ʪʠʦʣʪʨʘʥʩʬʝʨʘʟʘ ʠ ATP ʠ Ca2+
 

ʥʝʟʘʚʠʩʥʘ ʧʨʦʪʝʘʟʘ) (Halliwell ʠ Gutteridge, 2015).  

ɽʥʟʠʤʩʢʝ ʢʦʤʧʦʥʝʥʪʝ ʦʙʫʭʚʘʪʘʿʫ ʥʝʢʦʣʠʢʦ ʠʟʫʟʝʪʥʦ ʟʥʘʯʘʿʥʠʭ ʝʥʟʠʤʘ: SOD, CAT, 

GSH-Px, ʛʣʫʪʘʪʠʦʥ ʨʝʜʫʢʪʘʟʘ (GR), ʛʣʫʪʘʪʠʦʥ-S-ʪʨʘʥʩʬʝʨʘʟʘ (GST). ɸʢʪʠʚʥʦʰ˂ʫ ʦʚʠʭ 

ʝʥʟʠʤʘ ʦʙʝʟʙʝʹʫʿʝ ʩʝ ʨʝʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʝ ʜʦ ʚʦʜʝ ʚʠʰʝʩʪʝʧʝʥʠʤ ʧʨʦʮʝʩʠʤʘ ʢʦʿʠ 

ʟʘʭʪʝʚʘʿʫ ʧʨʠʩʫʩʪʚʦ ʧʨʝʣʘʟʥʠʭ ʤʝʪʘʣʘ (Fe, Cu, Zn, Mn) ʢʘʦ ʢʦʬʘʢʪʦʨʘ. ʅʝʝʥʟʠʤʩʢʝ 

ʢʦʤʧʦʥʝʥʪʝ AOS ʦʙʫʭʚʘʪʘʿʫ ʩʫʧʩʪʘʥʮʝ ʤʘʣʝ ʤʦʣʝʢʫʣʩʢʝ ʤʘʩʝ ʯʠʿʘ ʿʝ ʜʘˀʘ ʧʦʜʝʣʘ ʦʜʨʝʹʝʥʘ 

ʥʘ ʦʩʥʦʚʫ ʘʬʠʥʠʪʝʪʘ ʠ ʨʘʩʪʚʘʨˀʠʚʦʩʪʠ ʫ ˂ʝʣʠʿʩʢʠʤ ʣʠʧʠʜʥʠʤ ʢʦʥʩʪʠʪʫʝʥʪʠʤʘ, ʪʝ ʩʪʦʛʘ ʦʥʝ 

ʤʦʛʫ ʙʠʪʠ ʣʠʧʦʩʦʣʫʙʠʣʥʝ (ʚʠʪʘʤʠʥʠ ɸ ʠ ɽ (Vit E), ʢʦʝʥʟʠʤ Q ʠ b-ʢʘʨʦʪʝʥ) ʠ 

ʭʠʜʨʦʩʦʣʫʙʠʣʥʝ (ʛʣʫʪʘʪʠʦʥ, ʘʩʢʦʨʙʠʥʩʢʘ ʢʠʩʝʣʠʥʘ, ʘʣʙʫʤʠʥ, ʮʠʩʪʝʠʥ, ʤʝʪʠʦʥʠʥ, 

ʪʨʘʥʩʬʝʨʠʥ, ʮʝʨʫʣʦʧʣʘʟʤʠʥ, ʙʠʣʠʨʫʙʠʥ, ʙʠʣʠʚʝʨʜʠʥ, ʭʠʩʪʠʜʠʥ, ʬʝʨʠʪʠʥ, ʤʦʢʨʘ˂ʥʘ 

ʢʠʩʝʣʠʥʘ). ʆʜ ʨʘʩʪʚʦʨˀʠʚʦʩʪʠ ʟʘʚʠʩʠ ʠ ˁʠʭʦʚʦ ʤʝʩʪʦ ʜʝʣʦʚʘˁʘ ʢʦʿʝ ʤʦʞʝ ʙʠʪʠ ʚʝʟʘʥʦ ʟʘ 

˂ʝʣʠʿʩʢʝ ʤʝʤʙʨʘʥʝ ʠʣʠ ˂ʝʣʠʿʩʢʝ ʪʝʯʥʦʩʪʠ. ɸʢʪʠʚʥʦʩʪ ʥʝʝʥʟʠʤʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ ʟʘʩʥʠʚʘ ʩʝ 

ʥʘ ʧʨʝʢʠʜʘˁʫ ʣʘʥʯʘʥʠʭ ʨʝʘʢʮʠʿʘ ʩʣʦʙʦʜʥʠʭ ʨʘʜʠʢʘʣʘ (Nimse ʠ Pal, 2015). 

 

 
 

ʉʣʠʢʘ 5. ʄʝʭʘʥʠʟʘʤ ʜʝʿʩʪʚʘ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʟʘʰʪʠʪʥʦʛ ʩʠʩʪʝʤʘ (ʤʦʜʠʬʠʢʦʚʘʥʦ ʠʟ Kurutas 2016) 
 

ʋʩʣʝʜ ʭʨʦʥʠʯʥʦʛ ʠʟʣʘʛʘˁʘ ʥʝʛʘʪʠʚʥʦʤ ʫʪʠʮʘʿʫ ʩʧʦˀʘʰˁʠʭ ʧʨʦʦʢʩʠʜʘʪʠʚʥʠʭ ʬʘʢʪʦʨʘ, 

ʨʘʜ ʝʥʜʦʛʝʥʦʛ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʩʠʩʪʝʤʘ ʙʠʚʘ ʥʝʜʦʚʦˀʘʥ ʜʘ ʦʜʨʞʠ ʦʧʪʠʤʘʣʘʥ ʬʠʟʠʦʣʦʰʢʠ 

ʥʠʚʦ ʧʨʦʜʫʢʮʠʿʝ ʨʘʜʠʢʘʣʘ, ʪʝ ʿʝ ʩʪʦʛʘ ʥʝʦʧʭʦʜʥʦ ʠʩʭʨʘʥʦʤ ʫʥʝʪʠ ʝʛʟʦʛʝʥʝ ʘʥʪʠʦʢʩʠʜʘʥʩʝ 

ʢʦʿʠ ʙʠ ʧʦʤʦʛʣʠ ʫ ʧʨʝʚʝʮʠʿʠ ʠ ʝʚʝʥʪʫʘʣʥʦʿ ʩʘʥʘʮʠʿʠ ʦʢʩʠʜʘʪʠʚʥʠʭ ʦʰʪʝ˂ʝˁʘ. ʂʘʦ ʰʪʦ ʿʝ 

ʧʦʤʝʥʫʪʦ, ʝʛʟʦʛʝʥʠ ʘʪʠʦʢʩʠʜʘʥʩʠ ʤʦʛʫ ʙʠʪʠ ʧʨʠʨʦʜʥʦʛ ʧʦʨʝʢʣʘ, ʧʨʝʚʘʩʭʦʜʥʦ ʙʠˀʥʦʛ, 

ʢʘʢʚʠ ʩʫ ʬʝʥʦʣʠ, ʬʣʘʚʦʥʦʠʜʠ ʠ ˁʠʭʦʚʠ ʜʝʨʠʚʘʪʠ, ʠʣʠ ʩʠʥʪʝʪʩʢʦʛ ʧʦʨʝʢʣʘ, ʢʦʿʠ ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʢʦʨʠʩʪʝ ʢʘʦ ʩʪʘʙʠʣʠʟʘʪʦʨʠ ʫ ʧʨʝʭʨʘʤʙʝʥʦʿ ʠʥʜʫʩʪʨʠʿʠ (Hamid ʠ ʩʘʨ., 2010). 
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2.3.1. ɽʥʟʠʤʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʟʘʰʪʠʪʥʦʛ ʩʠʩʪʝʤʘ 

 

ʇʨʚʫ ʣʠʥʠʿʫ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʝ ʦʜʙʨʘʥʝ ʯʠʥʝ ʪʨʠ ʝʥʟʠʤʘ, SOD, CAT, ʠ GSH-Px ʢʦʿʠ 

ʫʟʘʿʘʤʥʠʤ ʜʝʣʦʚʘˁʝʤ ʨʝʛʫʣʠʰʫ ʧʨʦʠʟʚʦʜˁʫ ROS/RNS ʠ ˁʠʭʦʚʠʭ ʤʝʪʘʙʦʣʠʪʘ ʦʜʨʞʘʚʘʿʫ˂ʠ 

˂ʝʣʠʿʩʢʫ ʨʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʫ.  

ʉʫʧʝʨʦʢʩʠʜ ʜʠʩʤʫʪʘʟʘ (EC 1.15.1.1) ʿ ʝ ʤʝʪʘʣʦʧʨʦʪʝʠʥ ʫʛʣʘʚʥʦʤ ʣʦʢʘʣʠʟʦʚʘʥ ʫ ʮʠʪʦʩʦʣʫ 

ʠ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ ʯʠʿʦʤ ʩʝ ʢʘʪʘʣʠʪʠʯʢʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʦʜʠʛʨʘʚʘ ʨʝʘʢʮʠʿʘ ʜʠʩʤʫʪʘʮʠʿʝ 

ʚʠʩʦʢʦ ʨʝʘʢʪʠʚʥʦʛ ʆ2
Åī ʜʦ ʤʘˁʝ ʨʝʘʢʪʠʚʥʦʛ H2O2 ʠ ʤʦʣʝʢʫʣʩʢʦʛ ʢʠʩʝʦʥʠʢʘ: 

 

2O2
Å- + 2H+ Ÿ H2O2 + O2 

 

SOD ʧʦʩʪʦʿʠ ʫ ʯʝʪʠʨʠ ʠʟʦʬʦʨʤʝ ʢʦʿʝ ʩʝ ʧʨʠʤʘʨʥʦ ʨʘʟʣʠʢʫʿʫ ʥʘ ʦʩʥʦʚʫ ʧʨʝʣʘʟʥʠʭ ʤʝʪʘʣʘ 

ʢʦʿʝ ʩʘʜʨʞʝ ʫ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʫ: ʤʦʥʦʥʫʢʣʝʘʨʥʝ Fe SOD, Ni SOD, Mn SOD ʠ ʜʠʥʫʢʣʝʘʨʥʘ 

CuZn SOD. ʂʦʜ ʩʠʩʘʨʘ ʧʦʩʪʦʿʝ ʪʨʠ ʠʟʦʬʦʨʤʝ ʦʚʦʛ ʝʥʟʠʤʘ ʩʘ ʨʘʟʣʠʯʠʪʦʤ ʠʥʪʨʘʮʝʣʫʣʘʨʥʦʤ 

ʣʦʢʘʣʠʟʘʮʠʿʦʤ: ʮʠʪʦʩʦʣʥʘ CuZn SOD, ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʘ Mn SOD ʠ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʘ EC 

SOD. CuZn SOD (ʤʦʣʝʢʫʣʩʢa ʪʝʞʠʥa 32 kDa), ʣʦʢʘʣʠʟʦʚʘʥʘ ʫ ʮʠʪʦʩʦʣʫ, ʣʠʟʦʟʦʤʠʤʘ, ʿʝʜʨʫ 

ʠ ʤʠʪʦʭʦʥʜʨʠʿʩʢʦʤ ʠʥʪʝʨʤʝʤʙʨʘʥʩʢʦʤ ʧʨʦʩʪʦʨʫ, ʿ ʝ ʭʦʤʦʜʠʤʝʨ ʩʘʩʪʘʚˁʝʥ ʦʜ ʜʚʝ ʠʜʝʥʪʠʯʥʝ 

ʧʨʦʪʝʠʥʩʢʝ ʩʫʙʿʝʜʠʥʠʮʝ ʦʜ ʢʦʿʠʭ ʩʚʘʢʘ ʫ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʫ ʩʘʜʨʞʠ ʦʙʘ ʿʦʥʘ ʤʝʪʘʣʘ, Cu ʠ Zn. 

ɱʦʥ ʙʘʢʨʘ ʿʝ ʘʢʪʠʚʥʠ ʤʝʪʘʣ ʢʦʿʠ ʪʦʢʦʤ ʢʘʪʘʣʠʪʠʯʢʠʭ ʨʝʘʢʮʠʿʘ ʤʝˁʘ ʦʢʩʠʜʘʮʠʦʥo ʩʪʘˁe 

(Cu2+/Cu3+), ʜʦʢ ʮʠʥʢ ʝʥʟʠʤʫ ʦʙʝʟʙʝʹʫʿʝ ʩʪʘʙʠʣʥʫ ʢʦʥʬʦʨʤʘʮʠʿʫ ʠ ʬʫʥʢʮʠʦʥʠʩʘˁʝ ʫ ʰʠʨʝʤ 

ʦʧʩʝʛʫ pH ʚʨʝʜʥʦʩʪʠ (5 ï 9.5). Mn SOD (ʤʦʣʝʢʫʣʩʢʘ ʪʝʞʠʥʘ 96 kDa), ʣʦʢʘʣʠʟʦʚʘʥʘ ʫʛʣʘʚʥʦʤ 

ʫ ʤʠʪʦʭʦʥʜʠʿʘʤʘ, ʿʝ ʭʦʤʦʪʝʪʨʘʤʝʨʥʠ ʧʨʦʪʝʠʥ ʩʘʩʪʘʚˀʝʥ ʦʜ ʯʝʪʠʨʠ ʩʫʙʿʝʜʠʥʠʮʝ ʢʦʿʝ ʫ 

ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʫ ʩʘʜʨʞʝ ʧʦ ʿʝʜʘʥ ʘʪʦʤ ʤʘʥʛʘʥʘ. ʂʘʪʘʣʠʪʠʯʢʘ ʘʢʪʠʚʥʦʩʪ ʦʚʝ ʬʦʨʤʝ ʝʥʟʠʤʘ 

ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʦʢʩʠʜʦ-ʨʝʜʫʢʮʠʿʠ ʿʦʥʘ ʤʘʥʛʘʥʘ (Mn2+/Mn3+). EC SOD (ʤʦʣʝʢʫʣʩʢʘ ʪʝʞʠʥʘ 135 

kDa), ʣʦʢʘʣʠʟʦʚʘʥʘ ʫ ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʦʿ ʪʝʯʥʦʩʪʠ, ʠʥʪʝʨʩʪʠʮʠʿʘʣʥʠʤ ʪʢʠʚʥʠʤ ʧʨʦʩʪʦʨʠʤʘ, 

ʧʣʘʟʤʠ, ʣʠʤʬʠ ʠ ʩʠʥʦʚʠʿʘʣʥʦʿ ʪʝʯʥʦʩʪʠ, ʿʝ ʪʝʪʨʘʤʝʨʥʠ ʛʣʠʢʦʧʨʦʪʝʠʥ ʢʦʿʠ ʫ ʩʚʦʤ ʩʘʩʪʘʚʫ 

ʩʘʜʨʞʠ Cu ʠ Zn. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʜʨʫʛʠʭ, ʘʢʪʠʚʥʦʩʪ ʦʚʝ ʠʟʦʬʦʨʤʝ ʝʥʟʠʤʘ SOD ʢʦʨʜʠʥʠʩʘʥʘ ʿʝ 

ʮʠʪʦʢʠʥʠʤʘ ʘ ʥʝ ʧʨʦʦʢʩʠʜʘʪʠʚʥʠʤ ʘʛʝʥʩʠʤʘ, ʠ ʫʩʤʝʨʝʥʘ ʿʝ ʧʨʝʚʘʩʭʦʜʥʦ ʥʘ ʠʥʘʢʪʠʚʘʮʠʿʫ 

NO (Valko ʠ ʩʘʨ, 2007; Patleviļ ʠ ʩʘʨ., 2016). 

ʂʘʪʘʣʘʟʘ (EC 1.11.1.6) ʿ ʝ ʭʝʤʦʭʨʦʤʦʧʨʦʪʝʠʜ ʣʦʢʘʣʠʟʦʚʘʥ ʫʛʣʘʚʥʦʤ ʫ ʧʝʨʦʢʩʠʟʦʤʠʤʘ, 

ʯʠʿʦʤ ʿʝ ʘʢʪʠʚʥʦʰ˂ʫ ʢʘʪʘʣʠʟʦʚʘʥʘ ʨʝʘʢʮʠʿʘ ʜʠʩʤʫʪʘʮʠʿʝ H2O2 ʜʦ ʚʦʜʝ ʠ ʤʦʣʝʢʫʣʩʢʦʛ 

ʢʠʩʝʦʥʠʢʘ: 
 

2H2O2 Ÿ 2H2O + O2 
 

CAT  ʿʝ ʪʝʪʨʘʤʝʨʥʠ ʧʨʦʪʝʠʥ ʩʘʩʪʘʚˁʝʥ ʦʜ ʯʝʪʠʨʠ ʩʫʙʿʝʜʠʥʠʮʝ (ʤʦʢʣʝʢʫʣʩʢʘ ʪʝʞʠʥʘ 

ʩʚʘʢʝ ʿʝ 60 kDa) ʢʦʿʝ ʫ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʫ ʩʘʜʨʞʝ Hem ʛʨʫʧʫ (ʩʘ Fe3+) ʠ ʤʦʣʝʢʫʣ NADPH. 

ɸʢʪʠʚʥʦʩʪ CAT ʟʘʚʠʩʥʘ ʿʝ ʦʜ ʢʦʥʮʝʥʪʨʘʮʠʿʝ H2O2. ʇʨʠ ʚʠʩʦʢʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ H2O2, CAT 

ʤʘʥʠʬʝʩʪʫʿʝ ʢʘʪʘʣʠʪʠʯʢʫ ʘʢʪʠʚʥʦʩʪ ʠ ʨʝʜʫʢʫʿʝ H2O2 ʜʦ ʚʦʜʝ ʠ ʤʦʣʝʢʫʣʩʢʦʛ ʢʠʩʝʦʥʠʢʘ. 

ʂʘʪʘʣʠʪʠʯʢʘ ʘʢʪʠʚʥʦʩʪ CAT ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʨʝʘʢʮʠʿʠ H2O2 ʩʘ Fe3+ ʫ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʫ, ʧʨʠ 

ʯʝʤʫ ʥʘʩʪʘʿʝ ʚʠʩʦʢʦ ʚʘʣʝʥʪʥʠ Fe-ʠʥʪʝʨʤʝʜʠʿʝʨ. Fe-ʠʥʪʝʨʤʝʜʠʿʝʨ ʦʢʩʠʜʫʿʝ ʜʨʫʛʠ ʤʦʣʝʢʫʣ 

ʚʦʜʦʥʠʢ ʧʝʨʦʢʩʠʜʘ ʠ ʪʠʤʝ ʩʝ ʚʨʘ˂ʘ ʫ ʧʨʚʦʙʠʪʘʥ CAT-Fe3+ ʦʙʣʠʢ (Patleviļ ʠ ʩʘʨ., 2016). ʇʨʠ 

ʥʠʩʢʦʿ ʢʦʥʮʝʥʪʨʘʮʠʿʠ H2O2, CAT ʤʘʥʠʬʝʩʪʫʿʝ ʧʝʨʦʢʩʠʜʘʟʥʫ ʘʢʪʠʚʥʦʩʪ, ʧʨʠ ʯʝʤʫ ʩʝ ʪʘʢʦʹʝ 

ʨʝʜʫʢʫʿʝ H2O2, ʘʣʠ ʫʟ ʧʨʠʩʫʩʪʚʦ ʦʜʛʦʚʘʨʘʿʫ˂ʝʛ ʦʨʛʘʥʩʢʦʛ ʠʣʠ ʥʝʦʨʛʘʥʩʢʦʛ ʩʫʧʩʪʨʘʪʘ 

(ʘʣʢʦʭʦʣʠ, ʧʠʨʦʛʘʣʦʣ, ʥʠʪʨʠʪʠ, ʘʩʢʦʨʙʠʥʩʢʘ ʢʠʩʝʣʠʥʘ) ʢʘʦ ʜʦʥʦʨʘ H+ ʿʦʥʘ. ʇʨʦʜʫʢʪ ʦʚʝ 
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ʨʝʘʢʮʠʿʝ ʿʝ ʥʘʪʠʚʥʠ ʦʙʣʠʢ ʝʥʟʠʤʘ, ʦʢʩʠʜʦʚʘʥʠ ʩʫʧʩʪʨʘʪ ʠ ʚʦʜʘ (Valko ʠ ʩʘʨ, 2007; Ali ʠ ʩʘʨ., 

2020).  

ɻʣʫʪʘʪʠʦʥ ʧʝʨʦʢʩʠʜʘʟʘ (EC 1.11.1.9) ʿʝ ʩʝʣʝʥʦʧʨʦʪʝʠʥ ʣʦʢʘʣʠʟʦʚʘʥ ʫ ʧʝʨʦʢʩʠʟʦʤʠʤʘ, 

ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ, ʮʠʪʦʩʦʣʫ ʠ ʠʥʪʝʨʤʝʤʙʨʘʥʩʢʦʤ ʧʨʦʩʪʦʨʫ, ʯʠʿʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʿʝ 

ʢʘʪʘʣʠʟʦʚʘʥʘ ʨʝʜʫʢʮʠʿʘ H2O2 ʠ ʦʨʛʘʥʩʢʠʭ ʭʠʜʨʦʧʝʨʦʢʩʠʜʘ ʜʦ ʚʦʜʝ ʠ ʦʜʛʦʚʘʨʘʿʫ˂ʠʭ 

ʘʣʢʦʭʦʣʘ ʫʟ ʧʨʠʩʫʩʪʚʦ ʨʝʜʫʢʦʚʘʥʦʛ ʛʣʫʪʘʪʠʦʥʘ (GSH) ʢʘʦ ʢʦʬʘʢʪʦʨʘ:  
 

2GSH + H2O2 Ÿ GSSG + 2H2O  

2GSH + ROOH Ÿ GSSG + ROH + H2O  
 

ɽʥʟʠʤ GSH-Px ʿʝ ʪʝʪʨʘʤʝʨʥʠ ʧʨʦʪʝʠʥ ʩʘʩʪʘʚˁʝʥ ʦʜ ʯʝʪʠʨʠ ʠʜʝʥʪʠʯʥʝ ʩʫʙʿʝʜʠʥʠʮʝ 

(ʤʦʢʣʝʢʫʣʩʢʘ ʪʝʞʠʥʘ ʩʚʘʢʝ ʿʝ 21 kDa) ʢʦʿʝ ʫ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʫ ʩʘʜʨʞʝ ʩʝʣʝʥʦʮʠʩʪʝʠʥ. 

ʂʣʘʩʠʬʠʢʫʿʝ ʩʝ ʥʘ ʜʚʝ ʛʣʘʚʥʝ ʝʥʟʠʤʩʢʝ ʠʟʦʬʦʨʤʝ: ʩʝʣʝʥ-ʥʝʟʘʚʠʩʥʘ, ʢʦʿʘ ʢʘʪʘʣʠʟʫʿʝ 

ʨʝʜʫʢʮʠʿʫ ʦʨʛʘʥʩʢʠʭ ʧʝʨʦʢʩʠʜʘ ʠ ʩʝʣʝʥ-ʟʘʚʠʩʥʘ ʠʟʦʬʦʨʤʘ, ʢʦʿʘ ʢʘʪʘʣʠʟʫʿʝ ʨʝʜʫʢʮʠʿʫ ʠ 

ʦʨʛʘʥʩʢʠʭ ʠ ʥʝʦʨʛʘʥʩʢʠʭ ʧʝʨʦʢʩʠʜʘ. ʋ ʦʢʚʠʨʫ ʩʝʣʝʥ-ʟʘʚʠʩʥʝ ʠʟʦʬʦʨʤʝ ʢʦʜ ʩʠʩʘʨʘ ʩʫ 

ʧʨʠʩʫʪʥʘ ʯʝʪʠʨʠ ʪʠʧʘ ʦʚʦʛ ʝʥʟʠʤʘ: GSH-Px1 (ʮʠʪʦʩʦʣʥʘ GSH-Px) ʥʘʿʯʝʰ˂ʝ ʿʝ ʟʘʩʪʫʧˀʝʥʘ ʫ 

ʝʨʠʪʨʦʮʠʪʠʤʘ, ʿʝʪʨʠ ʠ ʙʫʙʨʝʟʠʤʘ, GSH-Px2 (ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʘ GSH-Px) ʪʘʢʦʹʝ 

ʣʦʢʘʣʠʟʦʚʘʥʘ ʫ ʮʠʪʦʩʦʣʫ ʘʣʠ ʧʨʝʚʘʩʭʦʜʥʦ ʛʘʩʪʨʦʠʥʝʩʪʠʥʘʣʥʠʭ ˂ʝʣʠʿʘ, GSH-Px3 

(ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʘ GSH-Px) ʥʘʣʘʟʠ ʩʝ ʫ ʧʣʘʟʤʠ ʫ ʬʦʨʤʠ ʛʣʠʢʦʧʨʦʪʝʠʥʘ ʠ GSH-Px4 

(ʬʦʩʬʦʣʠʧʠʜʥʘ GSH-Px) ʣʦʢʘʣʠʟʦʚʘʥʘ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ. ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʘʢʪʠʚʥʦʩʪ 

GSH-Px ʿ ʝ ʚʝʦʤʘ ʟʘʯʘʿʥʘ ʿʝʨ ʫʩʣʝʜ ʚʝ˂ʝʛ ʘʬʠʥʠʪʝʪʘ ʧʨʝʤʘ H2O2 ʫ ʦʜʥʦʩʫ ʥʘ CAT ʫʯʝʩʪʚʫʿʝ 

ʫ ʧʨʠʤʘʨʥʦʿ ʦʜʙʨʘʥʠ ʦʜ ʥʠʩʢʦʛ ʥʠʚʦʘ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ. ʊʘʢʦʹʝ ʥʝʫʪʨʘʣʠʟʘʮʠʿʦʤ 

ʧʝʨʦʢʩʠʜʘ ʝʣʠʤʠʥʠʰʝ ʧʦʪʝʥʮʠʿʘʣʥʠ ʩʫʧʩʪʨʘʪ ʟʘ ʌʝʥʪʦʥʦʚʫ ʨʝʘʢʮʠʿʫ ʩʧʨʝʯʘʚʘʿʫ˂ʠ 

ʥʘʩʪʘʥʘʢ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ (Valko ʠ ʩʘʨ, 2006; Patleviļ ʠ ʩʘʨ., 2016; Ali ʠ ʩʘʨ., 2020). 

ɻʣʫʪʘʪʠʦʥ ʨʝʜʫʢʪʘʟʘ (EC 1.6.4.2) ʿʝ ʜʠʤʝʨʥʠ ʬʣʘʚʦʧʨʦʪʝʠʥ ʩʘʩʪʘʚˀʝʥ ʦʜ ʜʚʝ 

ʩʫʙʿʝʜʠʥʠʮʝ (ʤʦʣʝʢʫʣʩʢʘ ʪʝʞʠʥʘ 58 kDa) ʢʦʿʝ ʫ ʘʢʪʠʚʥʦʤ ʮʝʥʪʨʫ ʩʘʜʨʞʝ ʧʦ ʿʝʜʘʥ ʤʦʣʝʢʫʣ 

FAD (Adwas ʠ ʩʘʨ, 2019). GR ʿ ʝ ʣʦʢʘʣʠʟʦʚʘʥʘ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ ʠ ʮʠʪʦʩʦʣʫ ʠ ʝʩʝʥʮʠʿʘʣʥʘ 

ʿʝ ʟʘ ʦʜʨʞʘʚʘˁʝ ˂ʝʣʠʿʩʢʝ ʨʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʝ. ɸʢʪʠʚʥʦʩʪ GR ʫʩʤʝʨʝʥʘ ʿʝ ʥʘ ʨʝʜʫʢʮʠʿʫ 

ʦʢʩʠʜʦʚʘʥʦʛ ʛʣʫʪʘʪʠʦʥʘ (GSSG) ʧʨʦʜʫʢʦʚʘʥʦʛ ʫ ʨʝʘʢʮʠʿʠ ʝʣʠʤʠʥʘʮʠʿʝ ʧʝʨʦʢʩʠʜʘ ʦʜ ʩʪʨʘʥʝ 

GSH-Px. ʈʝʜʫʢʦʚʘʥʠ ʛʣʫʪʘʪʠʦʥ (GSH) ʩʝ ʫ ʧʦʥʦʚʥʦʤ ʮʠʢʣʫʩʫ ʢʦʨʠʩʪʠ ʢʘʦ ʜʦʥʦʨ ʿʦʥʘ H+ ʟʘ 

GSH-Px. ʆʚʦʤ ʨʝʘʢʮʠʿʦʤ GR ʦʜʨʞʘʚʘ ʚʠʩʦʢ ʦʜʥʦʩ GSH/GSSG ʫ ʢʦʨʠʩʪ ʨʝʜʫʢʦʚʘʥʦʛ ʦʙʣʠʢʘ 

ʛʣʫʪʘʪʠʦʥʘ ʜʦʧʨʠʥʦʩʝ˂ʠ ʝʬʠʢʘʩʥʦʿ ʦʜʙʨʘʥʠ ʦʜ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ.  ʂʘʪʘʣʠʪʠʯʢʘ 

ʘʢʪʠʚʥʦʩʪ GR ʟʘʚʠʩʥʘ ʿʝ ʦʜ NADPH ʠ ʦʜʚʠʿʘ ʩʝ ʫ ʜʚʝ ʬʘʟʝ. ʋ ʧʨʚʦʿ, ʨʝʜʫʢʪʠʚʥʦʿ ʬʘʟʠ, 

NADPH ʨʝʜʫʢʫʿʝ FAD ʤʦʣʝʢʫʣ ʫ ʦʢʚʠʨʫ ʝʟʠʤʩʢʦʛ ʘʢʪʠʚʥʦʛ ʮʝʥʪʨʘ, ʢʦʿʠ ʟʘʪʠʤ ʫʣʘʟʠ ʫ 

ʜʨʫʛʫ, ʦʢʩʠʜʘʪʠʚʥʫ ʬʘʟʫ, ʛʜʝ ʨʝʘʛʫʿʝ ʩʘ ʜʠʩʫʣʬʠʜʥʠʤ ʛʣʫʪʘʪʠʦʥʦʤ ʬʦʨʤʠʨʘʿʫ˂ʠ ʜʚʘ 

ʤʦʣʝʢʫʣʘ GSH (Patleviļ ʠ ʩʘʨ., 2016):  
 

GSSG + NADPH + H+ Ÿ 2GSH + NADP+ 
 

ɻʣʫʪʘʪʠʦʥ-S-ʪʨʘʥʩʬʝʨʘʟʘ (EC 2.5.1.18) ʦʙʫʭʚʘʪʘ ʤʫʣʪʠʛʝʥʩʢʫ ʬʘʤʠʣʠʿʫ ʩʪʨʫʢʪʫʨʥʦ ʠ 

ʬʫʥʢʮʠʦʥʘʣʥʦ ʨʘʟʣʠʯʠʪʠʭ ʧʨʦʪʝʠʥʘ ʣʦʢʘʣʠʟʦʚʘʥʠʭ ʫ ʮʠʪʦʩʦʣʫ ʠ ʫ ʥʝʧʦʩʨʝʜʥʦʿ ʙʣʠʟʠʥʠ 

ʤʝʤʙʨʘʥʝ, ʥʘ ʦʩʥʦʚʫ ʯʝʛʘ ʩʫ ʛʨʫʧʠʩʘʥʝ ʫ ʪʨʠ ʬʘʤʠʣʠʿʝ: ʮʠʪʦʩʦʣʥʝ, ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʝ ʠ 

ʤʠʢʨʦʟʦʤʘʣʥʝ GST. ʂʦʜ ʩʠʩʘʨʘ ʿʝ ʠʜʝʥʪʠʬʠʢʦʚʘʥʦ ʩʝʜʘʤ ʢʣʘʩʘ GST ʦʟʥʘʯʝʥʠʭ ʢʘʦ Ŭ, µ, ,̄ 

,̀ ̒ , y Σ ˖. GST ʩʫ ʜʠʤʝʨʥʠ ʝʥʟʠʤʠ ʫʛʣʘʚʥʦʤ ʩʘʩʪʘʚˁʝʥʠ ʦʜ ʜʚʝ ʠʜʝʥʪʠʯʥʝ ʩʫʙʿʝʜʠʥʠʮʝ, ʘʣʠ 

ʟʘʙʝʣʝʞʝʥʠ ʩʫ ʠ ʭʝʪʝʨʦʜʠʤʝʨʥʠ ʦʙʣʠʮʠ. ʆʚʠ ʝʥʟʠʤʠ ʠʤʘʿʫ ʝʩʝʥʮʠʿʘʣʥʫ ʫʣʦʛʫ ʫ 

ʜʝʪʦʢʩʠʬʠʢʘʮʠʿʠ ʰʠʨʦʢʦʛ ʩʧʝʢʪʨʘ ʘʛʝʥʘʩʘ. ʉʭʦʜʥʦ ʪʦʤʝ, ʦʚʘ ʛʨʫʧʘ ʝʥʟʠʤʘ ʩʝ ʧʨʝʚʘʩʭʦʜʥʦ 

ʥʘʣʘʟʠ ʫ ʿʝʪʨʠ, ʙʫʙʨʝʟʠʤʘ ʠ ʝʨʠʪʨʦʮʠʪʠʤʘ. ʇʨʦʮʝʩ ʜʝʪʦʢʩʠʬʠʢʘʮʠʿʝ ʨʘʟʣʠʯʠʪʠʭ ʪʦʢʩʠʥʘ 
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(ʣʝʢʦʚʠ, ʢʘʥʮʝʨʦʛʝʥʠ ʘʛʝʥʩʠ, ʧʝʩʪʠʮʠʜʠ) ʧʨʝʢʦ GST ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʢʘʪʘʣʠʪʠʯʢʦʿ ʨʝʘʢʮʠʿʠ 

ʢʦˁʫʛʘʮʠʿʝ ʩʫʣʬʭʠʜʨʠʣʥʠʭ ʛʨʫʧʘ ʤʦʣʝʢʫʣʘ GSH ʩʘ ʝʣʝʢʪʨʦʬʠʣʥʠʤ ʩʫʧʩʪʨʘʪʦʤ (R-X) ʧʨʠ 

ʯʝʤʫ ʥʘʩʪʘʿʫ ʤʘˁʝ ʨʝʘʢʪʠʚʥʠ ʭʠʜʨʦʬʠʣʥʠ ʢʦˁʫʛʘʪʠ (G-SR) ʢʦʿʠ ʩʝ ʤʦʛʫ ʝʢʩʢʨʝʪʦʚʘʪʠ ʠʟ 

ʦʨʛʘʥʠʟʤʘ: 
 

GSH + R-X Ÿ G-SR + HX 

 

 ʇʦʨʝʜ ʜʝʪʦʢʩʠʬʠʢʘʮʠʿʝ ʪʦʢʩʠʥʘ, GST ʢʘʪʘʣʠʰʝ ʨʘʟʛʨʘʜˁʫ ʚʠʩʦʢʦ ʨʝʘʢʪʠʚʥʠʭ 

ʝʥʜʦʛʝʥʠʭ ʧʨʦʜʫʢʘʪʘ ʢʘʢʚʠ ʩʫ ʥʝʟʘʩʠ˂ʝʥʠ ʘʣʜʝʭʠʜʠ, ʝʧʦʢʩʠʜʠ, ʭʠʜʨʦ ʠ ʣʠʧʠʜʥʠ ʧʝʨʦʢʩʠʜʠ, 

ʧʨʫʞʘʿʫ˂ʠ ʟʘʰʪʠʪʫ ˂ʝʣʠʿʠ ʦʜ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ (Halliwell ʠ Gutteridge, 2015; Allocati ʠ 

ʩʘʨ., 2018).   

 

 

2.3.2. ɻʣʫʪʘʪʠʦʥ ï ʛʣʘʚʥʠ ʧʨʝʜʩʪʘʚʥʠʢ ʥʝʝʟʠʤʩʢʠʭ ʢʦʤʧʦʥʝʥʪʠ AOS-ʘ 

 

ɻʣʫʪʘʪʠʦʥ (L-ɔ-glutamil-L-cisteinil-glicin) ʿʝ ʥʘʿʟʥʘʯʘʿʥʠʿʠ ʥʠʩʢʦʤʦʣʝʢʫʣʩʢʠ ʪʠʦʣʥʠ 

ʘʥʪʠʦʢʩʠʜʘʥʩ ʫ ˂ʝʣʠʿʠ. ʊʦ ʿʝ ʪʨʠʧʝʧʪʠʜ ʢʦʿʠ ʩʝ ʥʘʣʘʟʠ ʛʦʪʦʚʦ ʫ ʩʚʠʤ ˂ʝʣʠʿʘʤʘ, ʣʦʢʘʣʠʟʦʚʘʥ 

ʫ ʮʠʪʦʩʦʣʫ, ʿʝʜʨʫ, ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ ʠ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʤ ʨʝʪʠʢʫʣʫʤʫ ʫ ʚʠʩʦʢʠʤ 

ʢʦʥʮʝʥʪʨʘʮʠʿʘʤʘ (ʤʠʣʠʤʦʣʘʨʥʦʛ ʨʘʥʛʘ) (Valko ʠ ʩʘʨ, 2007). ɹʠʦʩʠʥʪʝʟʘ ʛʣʫʪʘʪʠʦʥʘ ʠʟ ʪʨʠ 

ʘʤʠʥʦʢʠʩʝʣʠʥʝ, ʮʠʩʪʝʠʥ, ʛʣʫʪʘʤʘʪ ʠ ʛʣʠʮʠʥ, ʦʙʘʚˀʘ ʩʝ ʠʩʢˀʫʯʠʚʦ ʫ ʮʠʪʦʩʦʣʫ ʜʝʣʦʚʘˁʝʤ 

ʜʚʘ ATP-ʟʘʚʠʩʥʘ ʝʥʟʠʤʘ, ɔ-ʛʣʫʪʘʤʠʣʮʠʩʪʝʠʥ ʩʠʥʪʝʪʘʟʝ ʠ ʛʣʫʪʘʪʠʦʥ ʩʠʥʪʝʪʘʟʝ. ʆʩʥʦʚʥʘ 

ʫʣʦʛʘ ʛʣʫʪʘʪʠʦʥʘ ʿʝ ʨʝʛʫʣʘʮʠʿʘ ˂ʝʣʠʿʩʢʝ ʨʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʝ ʥʝʫʪʨʘʣʠʟʘʮʠʿʦʤ ʨʝʘʢʪʠʚʥʠʭ 

ʚʨʩʪʘ ʧʫʪʝʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʝ ʨʝʜʫʢʦʚʘʥʝ ʫ ʦʢʩʠʜʦʚʘʥʫ ʬʦʨʤʫ ʢʦʿʘ ʿʝ ʨʝʚʝʨʟʠʙʠʣʥʦʛ 

ʢʘʨʘʢʪʝʨʘ. ʆʢʩʠʜʦʚʘʥʘ ʜʠʩʫʣʬʠʜʥʘ ʬʦʨʤʘ ʛʣʫʪʘʪʠʦʥʘ ʿʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʪʦʢʩʠʯʥʘ ʟʘ ˂ʝʣʠʿʫ 

ʪʝ ʩʝ ʩʪʦʛʘ ʝʣʠʤʠʥʠʰʝ ʠʟ ˂ʝʣʠʿʝ ʠʣʠ ʨʝʜʫʢʫʿʝ ʥʘʟʘʜ ʫ GSH ʜʝʣʦʚʘˁʝʤ ʝʥʟʠʤʘ GR ʫʟ 

ʧʨʠʩʫʩʪʚʦ NADPH ʢʘʦ ʢʦʬʘʢʪʦʨʘ. ʆʜʨʞʘʚʘˁʝ ʦʜʥʦʩʘ GSH/GSSG ʫ ʢʦʨʠʩʪ ʨʝʜʫʢʦʚʘʥʝ 

ʬʦʨʤʝ ʢʦʿʘ ʿʝ ʟʘʩʪʫʧˀʝʥʘ ʫ ˂ʝʣʠʿʠ ʩʘ ʧʨʝʢʦ 98% ʿʝ ʦʜ ʢʨʫʮʠʿʘʣʥʦʛ ʟʥʘʯʘʿʘ ʟʘ ʧʨʘʚʠʣʥʦ 

ʬʫʥʢʮʠʦʥʠʩʘˁʝ ˂ʝʣʠʿʝ. ʋ ʫʩʣʦʚʠʤʘ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʜʦʣʘʟʠ ʜʦ ʜʝʩʪʘʙʠʣʠʟʘʮʠʿʝ ʦʜʥʦʩʘ 

ʠ ʧʦʚʝ˂ʘˁʘ ʧʨʦʮʝʥʪʫʘʣʥʝ ʟʘʩʪʫʧˀʝʥʦʩʪʠ ʜʠʩʫʣʬʠʜʥʝ ʬʦʨʤʝ ʢʦʿʘ ʤʦʞʝ ʫʟʨʦʢʦʚʘʪʠ 

ʦʢʩʠʜʘʪʠʚʥʘ ʦʰʪʝ˂ʝˁʘ ʙʠʦʤʦʣʝʢʫʣʘ (Sreekumar ʠ ʩʘʨ, 2021). ɸʥʪʠʦʢʩʠʜʘʪʠʚʥʘ ʘʢʪʠʚʥʦʩʪ 

GSH ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʩʫʤʧʦʨʘ ʠʟ ʩʫʣʬʭʠʜʨʠʣʥʝ ʛʨʫʧʝ ʮʠʩʪʝʠʥʘ ʜʘ ʫ ʨʝʘʢʮʠʿʠ ʩʘ 

ʩʣʦʙʦʜʥʠʤ ʨʘʜʠʢʘʣʠʤʘ (RÅ) ʦʪʧʫʰʪʘ ʝʣʝʢʪʨʦʥ ʬʦʨʤʠʨʘʿʫ˂ʠ ʪʠʦʣʥʝ ʨʘʜʠʢʘʣʝ (GSÅ) ʢʦʿʠ ʩʫ 

ʩʪʘʙʠʣʥʠʿʠ. ʊʠʦʣʥʠ ʨʘʜʠʢʘʣʠ ʜʘˀʝ ʤʦʛʫ ʠʥʪʝʨʘʛʦʚʘʪʠ ʠ ʬʦʨʤʠʨʘʪʠ ʛʣʫʪʘʪʠʦʥ ʜʠʩʫʣʬʠʜ: 
 

GSH + RÅ Ÿ GSÅ + RH  

GSÅ + GSÅ Ÿ GSSG 
 

ʇʦʨʝʜ ʥʘʚʝʜʝʥʝ ʜʠʨʝʢʪʥʝ ʥʝʫʪʨʘʣʠʟʘʮʠʿʝ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ, GSH ʩʚʦʿʫ 

ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʫ ʬʫʥʢʮʠʿʫ ʠʩʧʦˀʘʚʘ ʠ ʠʥʜʠʨʝʢʪʥʦ ʢʘʦ ʢʦʬʘʢʪʦʨ ʫ ʨʝʘʢʮʠʿʠ ʨʝʜʫʢʮʠʿʝ H2O2 

ʠ ʦʨʛʘʥʩʢʠʭ ʭʠʜʨʦʧʝʨʦʢʩʠʜʘ ʢʦʿʘ ʿʝ ʢʘʪʘʣʠʟʦʚʘʥʘ ʝʥʟʠʤʦʤ GSH-Px, ʘ ʪʘʢʦʹʝ ʠ ʢʘʦ 

ʜʝʪʦʢʩʠʬʠʢʫʿʫ˂ʠ ʢʦˁʫʛʫʿʫ˂ʠ ʘʛʝʥʩ ʫ ʨʝʘʢʮʠʿʠ ʩʘ ʝʣʝʢʪʨʦʬʠʣʥʠʤ ʤʦʣʝʢʫʣʠʤʘ ʠ 

ʢʩʝʥʦʙʠʦʪʠʮʠʤʘ ʢʦʿʘ ʿʝ ʢʘʪʘʣʠʟʦʚʘʥʘ ʝʥʟʠʤʦʤ GST. ɼʨʫʛʝ ʪʘʢʦʹʝ ʬʠʟʠʦʣʦʰʢʠ ʚʘʞʥʝ ʫʣʦʛʝ 

ʩʫ ʤʝʤʙʨʘʥʩʢʠ ʪʨʘʥʩʧʦʨʪ ʧʦʿʝʜʠʥʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʘ, ʨʝʛʝʥʝʨʘʮʠʿʘ ʥʝʝʥʟʠʤʩʢʠʭ 

ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ, Vit C ʠ Vit E ʥʘʟʘʜ ʫ ʘʢʪʠʚʥʝ ʬʦʨʤʝ (Valko ʠ ʩʘʨ, 2007), ʨʝʛʫʣʘʮʠʿʘ 

ʬʫʥʢʮʠʿʝ ˂ʝʣʠʿʩʢʠʭ ʧʨʦʪʝʠʥʘ, ʨʝʛʫʣʘʮʠʿʘ ROS-ʟʘʚʠʩʥʠʭ ʪʨʘʥʩʢʨʠʧʮʠʦʥʠʭ ʬʘʢʪʦʨʘ, 

ʨʝʛʫʣʘʮʠʿʘ ʧʨʦʣʠʬʝʨʘʮʠʿʝ, ʜʠʬʝʨʝʥʮʠʿʘʮʠʿʝ ʠ ʘʧʦʧʪʦʟʝ ˂ʝʣʠʿʝ. ʉʭʦʜʥʦ ʬʫʥʢʮʠʿʘʤʘ ʢʦʿʝ 

ʦʙʘʚˀʘ, ʩʤʘˁʝʥ ʥʠʚʦ GSH ʧʦʚʝʟʘʥ ʿʝ ʩʘ ʧʘʪʦʣʦʛʠʿʦʤ ʨʘʟʣʠʯʠʪʠʭ ʥʝʫʨʦʜʝʛʝʥʝʨʘʪʠʚʥʠʭ ʠ 
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ʢʘʨʜʠʦʚʘʩʢʫʣʘʨʥʠʭ ʙʦʣʝʩʪʠ, ʘ ʪʘʢʦʹʝ ʠ ʩʘ ʭʝʧʘʪʠʯʥʠʤ ʧʦʨʝʤʝ˂ʘʿʠʤʘ ʠ ʨʘʟʚʦʿʝʤ ʜʠʿʘʙʝʪʝʩʘ 

ʠ ʪʫʤʦʨʘ (Giustarini ʠ ʩʘʨ., 2015; Bansal ʠ Simon, 2018). ʄʝʹʫʪʠʤ, ʥʘʩʫʧʨʦʪ 

ʜʝʪʦʢʩʠʬʠʢʫʿʫ˂ʝʛ ʝʬʝʢʪʘ ʛʣʫʪʘʪʠʦʥʘ ʢʦʿʠʤ ʩʝ ʩʧʨʝʯʘʚʘ ʧʦʪʝʥʮʠʿʘʣʥʘ ʤʫʪʘʮʠʿʘ ˂ʝʣʠʿʘ ʠ 

ʠʥʜʫʢʮʠʿʘ ʪʫʤʦʨʘ, ʧʦʢʘʟʘʥʦ ʿʝ ʜʘ ʧʦʚʠʰʝʥʠ ʥʠʚʦʠ ʛʣʫʪʘʪʠʦʥʘ ʫ ʪʫʤʦʨʩʢʠʤ ˂ʝʣʠʿʘʤʘ 

ʜʦʧʨʠʥʦʩʝ ʧʦʿʘʚʠ ʨʝʟʠʩʪʝʥʮʠʿʝ ʦʚʠʭ ˂ʝʣʠʿʘ ʥʘ ʭʝʤʦʪʝʨʘʧʠʿʫ (Bansal ʠ Simon, 2018).  

 

 

2.4. ʋʣʦʛʘ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʫ ʧʨʦʮʝʩʫ ʨʘʟʚʦʿʘ ʪʫʤʦʨʘ 

 

ʀʘʢʦ ʬʠʟʠʦʣʦʰʢʠ ʥʠʚʦʠ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʨʝʛʫʣʠʰʫ ʧʦʿʝʜʠʥʝ ʩʫʙ˂ʝʣʠʿʩʢʝ ʧʨʦʮʝʩʝ, 

ʝʢʩʧʨʝʩʠʿʫ ʛʝʥʘ, ʩʠʥʪʝʟʫ ʧʨʦʪʝʠʥʘ ʠ ʘʢʪʠʚʥʦʩʪ ʝʥʟʠʤʘ, ʧʦʚʠʰʝʥʠ ʥʠʚʦʠ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ 

ʤʦʛʫ ʤʝˁʘʪʠ ʠ ʦʰʪʝʪʠʪʠ ʤʥʦʛʝ ʠʥʪʨʘʮʝʣʫʣʘʨʥʝ ʤʦʣʝʢʫʣʝ ʥʘʨʫʰʘʚʘʿʫ˂ʠ ˁʠʭʦʚʫ ʩʪʨʫʢʪʫʨʫ 

ʠ ʬʫʥʢʮʠʿʫ, ʘ ʧʦʩʣʝʜʠʯʥʦ ʭʦʤʝʦʩʪʘʟʫ ʠ ʠʥʪʝʛʨʠʪʝʪ ˂ʝʣʠʿʝ. ɴʝʣʠʿʝ ʢʦʿʝ ʩʫ ʧʦʛʦʹʝʥʝ 

ʦʢʩʠʜʘʪʠʚʥʠʤ ʩʪʨʝʩʦʤ ʫʣʘʟʝ ʫ ʧʨʦʮʝʩ ʘʧʦʧʪʦʟʝ, ʥʝʢʨʦʟʝ ʠʣʠ ʤʫʪʘʛʝʥʝʟʝ, ʜʦʧʨʠʥʦʩʝ˂ʠ 

ʩʪʘʨʝˁʫ ʦʨʛʘʥʠʟʤʘ ʠ ʧʘʪʦʣʦʛʠʿʠ ʨʘʟʣʠʯʠʪʠʭ ʙʦʣʝʩʪʠ ʫʢˀʫʯʫʿʫ˂ʠ ʠ ʨʘʟʚʦʿ ʪʫʤʦʨʘ (Halliwell 

ʠ Gutteridge, 2015).  

ɸʧʦʧʪʦʟʘ ʿʝ ʩʪʨʦʛʦ ʨʝʛʫʣʠʩʘʥ ʧʨʦʮʝʩ ʧʨʦʛʨʘʤʠʨʘʥʝ ˂ʝʣʠʿʩʢʝ ʩʤʨʪʠ ʧʦʩʨʝʜʦʚʘʥ 

ʘʢʪʠʚʥʦʰ˂ʫ ʧʨʦʪʝʘʟʘ ʥʘʟʚʘʥʠʭ ʢʘʩʧʘʟʝ ʢʦʿoʤ ʩʝ ʦʜʨʞʘʚʘ ʬʠʟʠʦʣʦʰʢʘ ʩʪʘʙʠʣʥʦʩʪ ʥʘ ʥʠʚʦʫ 

ʮʝʣʦʛ ʦʨʛʘʥʠʟʤʘ. ɳʦʤʝ ʩʝ ʝʣʠʤʠʥʠʰʫ ʦʰʪʝ˂ʝʥʝ, ʧʦʪʝʥʮʠʿʘʣʥʦ ʰʪʝʪʥʝ ˂ʝʣʠʿʝ, ʫʩʣʝʜ ʯʝʛʘ ʩʝ 

ʩʧʨʝʯʘʚʘ ʧʨʦʛʨʝʩʠʿʘ ʦʰʪʝ˂ʝˁʘ ʥʘ ʦʢʦʣʥʝ ˂ʝʣʠʿʝ ʠ ʪʢʠʚʘ, ʠʣʠ ʦʧʩʪʘʥʘʢ ʤʫʪʠʨʘʥʠʭ ˂ʝʣʠʿʘ. ʋ 

ʬʠʟʠʦʣʦʰʢʠʤ ʫʩʣʦʚʠʤʘ, ʘʧʦʧʪʦʪʩʢʠ ʩʠʛʥʘʣʥʠ ʧʫʪʝʚʠ ʩʫ ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʩʘʥʠ ʠ ʧʦʚʝʟʘʥʠ 

ʩʫ ʩʘ ʨʝʛʫʣʘʮʠʿʦʤ ʥʠʚʦʘ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ. ʅʝʧʨʘʚʠʣʥʦʩʪʠ ʫ ʧʨʝʥʦʩʫ ʩʠʛʥʘʣʘ ʦʚʠʤ 

ʧʫʪʝʚʠʤʘ ʤʦʛʫ ʠʟʘʟʚʘʪʠ ʜʝʨʝʛʫʣʘʮʠʿʫ ʘʧʦʧʪʦʟʝ ʠ ʠʥʜʫʢʦʚʘʪʠ ʨʘʟʚʦʿ ʪʫʤʦʨʘ. ɸʧʦʧʪʦʟʘ ʤʦʞʝ 

ʙʠʪʠ ʠʥʠʮʠʨʘʥʘ ʩʧʦˀʘʰˁʠʤ ʩʠʛʥʘʣʥʠʤ ʧʫʪʝʤ, ʚʝʟʠʚʘˁʝʤ ʘʜʝʢʚʘʪʥʦʛ ʣʠʛʘʥʜʘ ʟʘ ʨʝʮʝʧʪʦʨ 

ʩʤʨʪʠ (ʨʝʮʝʧʪʦʨ ʬʘʢʪʦʨʘ ʥʝʢʨʦʟʝ ʪʫʤʦʨʘ ï TNFR ʠ Fas ʨʝʮʝʧʪʦʨ - FasR), ʠ ʫʥʫʪʨʘʰˁʠʤ 

ʩʠʛʥʘʣʥʠʤ ʧʫʪʝʤ, ʧʦʩʨʝʜʩʪʚʦʤ ʦʩʣʦʙʦ́ ʝʥʦʛ Cyt c ʠʟ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʦʛ ʣʫʤʝʥʘ. ʇʦʚʝ˂ʘʥʘ 

ʧʝʨʤʝʘʙʠʣʥʦʩʪ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʝ ʤʝʤʙʨʘʥʝ ʿʝ ʧʦʚʝʟʘʥʘ ʩʘ ʧʨʦʜʫʢʮʠʿʦʤ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ. 

ʈʝʛʫʣʠʮʠʿʘ ʘʧʦʧʪʦʪʩʢʠʭ ʩʠʛʥʘʣʥʠʭ ʧʫʪʝʚʘ ʪʘʢʦʹʝ ʿʝ ʟʘʚʠʩʥʘ ʦʜ ʩʪʝʧʝʥʘ ʧʨʦʜʫʢʮʠʿʝ 

ROS/RNS. ʈʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʚʨʰʝ ʦʢʩʠʜʘʮʠʿʫ ʪʠʦʣʥʠʭ ʧʨʦʪʝʠʥʘ ʘʢʪʠʚʠʨʘʿʫ˂ʠ ʙʨʦʿʥʝ 

ʩʠʛʥʘʣʥʝ ʧʫʪʝʚʝ ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʝ ʬʘʢʪʦʨʝ ʧʦʚʝʟʘʥʝ ʩʘ ʘʢʪʠʚʘʮʠʿʦʤ/ʩʫʧʨʝʩʠʿʦʤ ʘʧʦʧʪʦʟʝ. 

ʋʢʦʣʠʢʦ ʘʧʦʧʪʦʟʘ ʥʠʿʝ ʘʜʝʢʚʘʪʥʦ ʨʝʛʫʣʠʩʘʥʘ, ˂ʝʣʠʿʩʢʘ ʩʤʨʪ ʤʦʞʝ ʥʘʩʪʫʧʠʪʠ ʧʨʝʨʘʥʦ ʠʣʠ 

ʧʘʢ ʤʦʞʝ ʜʦ˂ʠ ʜʦ ʩʫʧʨʝʩʠʿʝ ʘʧʦʧʪʦʟʝ ʘ ʪʠʤʝ ʠ ʥʝʢʦʥʪʨʦʣʠʩʘʥʦʛ ʨʘʩʪʘ ʠ ʘʙʥʦʨʤʘʣʥʝ 

ʧʨʦʣʠʬʝʨʘʮʠʿʝ ˂ʝʣʠʿʘ (ʉʣʠʢʘ 6) (Matés ʠ ʩʘʨ., 2012; Galadari ʠ ʩʘʨ., 2017). ɸʢʪʠʚʠʨʘʥʝ 

ʬʦʩʬʦʠʥʦʟʠʪʠʜ 3-ʢʠʥʘʟʘ (PI3K)/ʧʨʦʪʝʠʥ ʢʠʥʘʟʘ B (Akt), MAPK/ʝʢʩʪʨʘʮʝʣʫʣʘʨʥʠʤ 

ʩʠʛʥʘʣʦʤ ʨʝʛʫʣʠʩʘʥʘ ʢʠʥʘʟʘ (ERK), NF-əB, ʢʘʦ ʠ ʪʫʤʦʨ ʩʫʧʨʝʩʦʨ ʧʨʦʪʝʠʥ p53, ʜʘˀʝ 

ʠʥʜʫʢʫʿʫ ˂ʝʣʠʿʩʢʫ ʩʤʨʪ (ʘʢʪʠʚʘʮʠʿʦʤ ʧʨʦʘʧʦʧʪʦʪʩʢʠʭ ʧʫʪʝʚʘ Bax, Bid, Puma, Noxa, Apaf-1, 

Fas, ʠ FasL) ʠʣʠ ʩʫʧʨʠʤʠʨʘʿʫ ʘʧʦʧʪʦʟʫ ʬʘʚʦʨʠʟʫʿʫ˂ʠ ˂ʝʣʠʿʩʢʦ ʧʨʝʞʠʚˀʘʚʘˁʝ (ʘʢʪʠʚʘʮʠʿʦʤ 

ʘʥʪʠʘʧʦʧʪʦʪʩʢʠʭ ʧʨʦʪʝʠʥʘ Bcl-2, Bcl-XL, IAP ʠ Mcl-1), ʦʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʦʧʩʪʘʥʘʢ 

ʪʨʘʥʩʬʦʨʤʠʩʘʥʝ ˂ʝʣʠʿʝ (Marengo ʠ ʩʘʨ., 2016; Moldogazieva ʠ ʩʘʨ., 2018; 

NavaneethaKrishnan ʠ ʩʘʨ., 2019; Hayes ʠ ʩʘʨ., 2020; Kong ʠ Chandel, 2020). 
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ʉʣʠʢʘ 6. ROS ʨʝʛʫʣʘʮʠʿʘ ˂ʝʣʠʿʩʢʠʭ ʩʠʛʥʘʣʥʠʭ ʧʫʪʝʚʘ ʠ ʪʨʘʥʩʢʨʠʧʮʠʦʥʠʭ ʬʘʢʪʦʨʘ ʫʢˀʫʯʝʥʠʭ ʫ 

ʠʥʠʮʠʿʘʮʠʿʫ ʠ ʧʨʦʛʨʝʩʠʿʫ ʪʫʤʦʨʘ (ʤʦʜʠʬʠʢʦʚʘʥʦ ʠʟ Foo ʠ ʩʘʨ., 2021). 

 

ʆʢʩʠʜʘʪʠʚʥʠ ʩʪʨʝʩ ʿʝ ʧʦʚʝʟʘʥ ʩʘ ʠʥʠʮʠʿʘʮʠʿʦʤ, ʧʨʦʤʦʮʠʿʦʤ ʠ ʧʨʦʛʨʝʩʠʿʦʤ ʚʝʣʠʢʦʛ 

ʙʨʦʿʘ ʪʫʤʦʨʘ ʫʢˀʫʯʫʿʫ˂ʠ ʣʝʫʢʝʤʠʿʫ, ʛʣʠʦʤ, ʤʝʣʘʥʦʤ, ʭʝʧʘʪʦʤ, ʪʫʤʦʨ ʜʦʿʢʝ, ʙʝʰʠʢʝ, 

ʧʨʦʩʪʘʪʝ, ʜʝʙʝʣʦʛ ʮʨʝʚʘ, ʧʘʥʢʨʝʘʩʘ ʠ ʧʣʫ˂ʘ (Galadari ʠ ʩʘʨ., 2017). ɼʦʢ ʧʦʚʠʰʝʥ ʥʠʚʦ 

ʧʨʦʜʫʢʮʠʿʝ ROS/RNS ʘʢʪʠʚʘʮʠʿʦʤ ʧʨʦʮʝʩʘ ʘʧʦʧʪʦʟʝ ʠʣʠ ʥʝʢʨʦʟʝ ʩʧʨʝʯʘʚʘ ʪʨʘʥʩʬʦʨʤʘʮʠʿʫ 

ʦʢʩʠʜʘʪʠʚʥʦ ʦʰʪʝ˂ʝʥʝ ˂ʝʣʠʿʝ ʫ ʪʫʤʦʨʩʢʫ ˂ʝʣʠʿʫ, ʫʤʝʨʝʥʠ, ʘʣʠ ʭʨʦʥʠʯʥʠ ʥʠʚʦ ʧʨʦʜʫʢʮʠʿʝ 

ʤʦʞʝ ʜʘ ʜʦʧʨʠʥʝʩʝ ʢʘʥʮʝʨʦʛʝʥʝʟʠ ʠʥʜʫʢʦʚʘˁʝʤ ɼʅʂ ʤʫʪʘʮʠʿʘ (ʉʣʠʢʘ 7). ʈʝʘʢʪʠʚʥʝ ʚʨʩʪʝ 

ʫ ʨʝʘʢʮʠʿʠ ʩʘ ɼʅʂ ʤʦʣʝʢʫʣʦʤ ʫʛʣʘʚʥʦʤ ʠʟʘʟʠʚʘʿʫ ʦʢʩʠʜʘʪʠʚʥʝ ʤʦʜʠʬʠʢʘʮʠʿʝ ʛʫʘʥʠʥʘ ʫ 8-

ʦʢʩʦ-7-ʭʠʜʨʦʜʝʦʢʩʠʛʫʘʥʦʟʠʥ (8-OhdG) ʢʦʿʠ ʫʟʨʦʢʫʿʝ ʪʨʘʥʩʚʝʨʟʠʿʫ ʛʫʘʥʠʥʘ ʫ ʪʠʤʠʥ (Klaunig 

ʠ Wang, 2018; Kong ʠ Chandel, 2020). ʀʘʢʦ ʥʝʦʧʭʦʜʥʘ, ʦʢʩʠʜʘʪʠʚʥʘ ʦʰʪʝ˂ʝˁʘ ɼʅʂ ʩʫ 

ʥʝʜʦʚʦˀʥʘ ʜʘ ʜʦʚʝʜʫ ʜʦ ʨʘʟʚʦʿʘ ʪʫʤʦʨʘ. ʇʦʨʝʜ ʪʦʛʘ ʰʪʦ ʫʪʠʯʫ ʥʘ ʛʝʥʦʤʩʢʫ ʥʝʩʪʘʙʠʣʥʦʩʪ, 

ROS/RNS ʤʦʜʠʬʠʢʘʮʠʿʦʤ ʨʝʜʦʢʩ ʦʩʝʪˀʠʚʠʭ ʘʤʠʥʦʢʠʩʝʣʠʥʩʢʠʭ ʦʩʪʘʪʘʢʘ ʫ ʨʝʛʫʣʘʪʦʨʥʠʤ 

ʧʨʦʪʝʠʥʠʤʘ, ʫʢˀʫʯʫʿʫ˂ʠ ʦʢʩʠʜʘʮʠʿʫ ʮʠʩʪʝʠʥʘ, ʩʫʣʬʝʥʠʣʘʮʠʿʫ, ʉ-ʛʣʫʪʘʪʠʦʥʠʣʘʮʠʿʫ, ʉ-

ʥʠʪʨʦʟʠʣʘʮʠʿʫ ʠ ʥʠʪʨʘʮʠʿʫ ʪʠʨʦʟʠʥʘ, ʧʦʩʨʝʜʫʿʫ ʫ ʨʘʟʣʠʯʠʪʠʤ ʩʠʛʥʘʣʥʠʤ ʧʫʪʝʚʠʤʘ ʢʦʿʠ 

ʢʦʥʪʨʦʣʠʰʫ ʧʨʦʣʠʬʝʨʘʮʠʿʫ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ (Moldogazieva ʠ ʩʘʨ., 2018).  
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ʉʣʠʢʘ 7. ROS-ʧʦʩʨʝʜʦʚʘʥʘ ʢʘʥʮʝʨʦʛʝʥʝʟʘ (ʤʦʜʠʬʠʢʦʚʘʥʦ Foo ʠ ʩʘʨ., 2021). ʅʠʚʦ ʧʨʦʜʫʢʮʠʿʝ ROS 

ʫʩʣʦʚˀʘʚʘ ʨʘʟʣʠʯʠʪʝ ʜʦʛʘʹʘʿʝ ʫ ˂ʝʣʠʿʠ. ʋʤʝʨʝʥʠ ʠ ʥʠʩʢʠ ʥʠʚʦʠ ROS-ʘ ʧʨʦʤʦʚʠʰʫ ʨʘʩʪ ˂ʝʣʠʿʘ ʘʣʠ ʤʦʛʫ 

ʠʥʜʫʢʦʚʘʪʠ ʠ ʥʝʢʦʥʪʨʦʣʠʩʘʥʫ ʧʨʦʣʠʬʝʨʘʮʠʿʫ, ʠ ʠʥʠʮʠʿʘʮʠʿʫ ʪʫʤʦʨʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʚʠʩʦʢʠ ʥʠʚʦʠ ROS-ʘ 

ʜʦʚʦʜʝ ʜʦ ʜʝʩʪʘʙʠʣʠʟʘʮʠʿʝ ʨʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʝ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʠʥʜʫʢʫʿʫ˂ʠ ʘʧʦʧʪʦʟʫ ʯʠʤʝ ʩʝ ʩʧʨʝʯʘʚʘ ʜʘˀʝ 

ʥʘʧʨʝʜʦʚʘˁʝ ʪʫʤʦʨʘ.  

 

ʀʥʠʮʠʿʘʣʥʠ ʧʨʦʮʝʩʠ ʪʫʤʦʨʦʛʝʥʝʟʝ ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʫʯʝʩʪʘʣʝ ʧʨʦʤʝʥʝ ʥʘ ɼʅʂ ʤʦʣʝʢʫʣʫ 

ʢʦʿʝ ʚʦʜʝ ʥʝʦʧʣʘʩʪʠʯʥʠʤ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘʤʘ. ɼʘˀʠ ʨʘʟʚʦʿ ʪʨʘʥʩʬʦʨʤʠʩʘʥʠʭ ˂ʝʣʠʿʘ ʧʦʚʝʟʘʥ 

ʿʝ ʩʘ ʩʧʦʩʦʙʥʦʰ˂ʫ ROS/RNS ʜʘ ʢʦʦʨʜʠʥʠʨʘʿʫ ʩʠʛʥʘʣʥʠʤ ʧʫʪʝʚʠʤʘ ʢʦʿʠ ʩʫ ʧʦʩʨʝʜʦʚʘʥʠ 

ʧʨʝʚʘʩʭʦʜʥʦ ʪʨʘʥʩʢʨʠʧʮʠʦʥʠʤ ʬʘʢʪʦʨʠʤʘ NF-əB ʠ STAT3, ʭʠʧʦʢʩʠʿʦʤ ʠʥʜʫʢʦʚʘʥʠʤ 

ʬʘʢʪʦʨʦʤ-1Ŭ (HIF-1Ŭ), ʮʠʪʦʢʠʥʠʤʘ, ʬʘʢʪʦʨʠʤʘ ʨʘʩʪʘ ʠ ʦʩʪʘʣʠʤ ʧʨʦʪʝʠʥʠʤʘ ʠ ʝʥʟʠʤʠʤʘ 

ʦʜʛʦʚʦʨʥʠʤ ʟʘ ʘʢʪʠʚʘʮʠʿʫ ʦʥʢʦʛʝʥʘ ʠ ʧʦʜʩʪʠʮʘˁʝ ʤʠʪʦʟʝ. ʂʦʨʜʠʥʘʮʠʿʦʤ ʥʘʚʝʜʝʥʠʤ 

ʩʠʛʥʘʣʥʠʤ ʧʫʪʝʚʠʤʘ ʩʪʠʤʫʣʠʰʝ ʩʝ ʥʝʢʦʥʪʨʦʣʠʩʘʥʠ ʨʘʩʪ, ʧʨʝʞʠʚˀʘʚʘˁʝ ʠ ʧʨʦʣʠʬʝʨʘʮʠʿʘ 

ʪʨʘʥʩʬʦʨʤʠʩʘʥʠʭ ˂ʝʣʠʿʘ. ʉʘ ʜʨʫʛʝ ʩʪʨʘʥʝ, ʦʢʩʠʜʘʪʠʚʥʠ ʩʪʨʝʩ ʫ ʦʢʦʣʥʠʤ ʟʜʨʘʚʠʤ ˂ʝʣʠʿʘʤʘ 

ʤʦʞʝ ʩʤʘˁʠʪʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ ˂ʝʣʠʿʘ, ʜʦʧʨʠʥʦʩʝ˂ʠ ʘʥʛʠʦʛʝʥʝʟʠ, ʠʥʚʘʟʠʿʠ ʠ 

ʰʠʨʝˁʫ ʤʝʪʘʩʪʘʟʘ ʘ ʪʠʤʝ ʠ ʧʨʦʛʨʝʩʠʿʠ ʪʫʤʦʨʘ (Galadari ʠ ʩʘʨ., 2017; Prasad ʠ ʩʘʨ., 2017; 

Calaf ʠ ʩʘʨ., 2018; Moldogazieva ʠ ʩʘʨ., 2018; NavaneethaKrishnan ʠ ʩʘʨ., 2019). 

ʈʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʪʘʢʦʹʝ ʤʦʛʫ ʨʝʘʛʦʚʘʪʠ ʩʘ ʧʦʣʠʥʝʟʘʩʠ˂ʝʥʠʤ ʤʘʩʥʠʤ ʢʠʩʝʣʠʥʘʤʘ 

˂ʝʣʠʿʩʢʝ ʤʝʤʙʨʘʥʝ ʠʥʠʮʠʨʘʿʫ˂ʠ ʣʠʧʠʜʥʫ ʧʝʨʦʢʩʠʜʘʮʠʿʫ, ʜʦʢ ʩʝ ʢʘʦ ʧʨʦʜʫʢʪʠ ʦʚʝ ʣʘʥʯʘʥʝ 

ʨʝʘʢʮʠʿʝ ʛʝʥʝʨʠʰʫ ʛʝʥʦʪʦʢʩʠʯʥʘ ʿʝʜʠˁʝˁʘ ʢʘʦ ʰʪʦ ʩʫ ʤʘʣʦʥʜʠʘʣʜʝʭʠʜʠ, 2-ʘʣʢʝʥʘʣʠ ʠ 4-

ʭʠʜʨʦʢʩʠ-2-ʘʣʢʝʥʘʣʠ. ʃʠʧʠʜʥʘ ʧʝʨʦʢʩʠʜʘʮʠʿʘ ʩʘ ʩʚʦʿʠʤ ʬʠʥʘʣʥʠʤ ʧʨʦʜʫʢʪʠʤʘ, ʤʦʞʝ 

ʜʦʚʝʩʪʠ ʜʦ ʩʪʨʫʢʪʫʨʥʠʭ ʧʨʦʤʝʥʘ ʫ ˂ʝʣʠʿʩʢʦʿ ʤʝʤʙʨʘʥʠ ʠ ʥʘʨʫʰʘʚʘˁʘ ʤʝʤʙʨʘʥʩʢʝ 

ʧʝʨʤʝʘʙʠʣʥʦʩʪʠ, ʰʪʦ ʦʥʝʤʦʛʫ˂ʘʚʘ ʧʨʝʧʦʟʥʘʚʘˁʝ ʪʘʢʚʠʭ ˂ʝʣʠʿʘ ʦʜ ʩʪʨʘʥʝ ʠʤʫʥʦʛ ʩʠʩʪʝʤʘ 

ʚʦʜʝ˂ʠ ʜʦ ʠʥʠʮʠʿʘʮʠʿʝ ʠ ʧʨʦʛʨʝʩʠʿʝ ʪʫʤʦʨʘ (Gupta ʠ ʩʘʨ., 2020).  
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2.4.1. ʈʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʘ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ 

 

ʋʩʣʝʜ ʧʦʚʝ˂ʘʥʝ ʤʝʪʘʙʦʣʠʯʢʝ ʘʢʪʠʚʥʦʩʪʠ ʠ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʝ ʜʠʩʬʫʥʢʮʠʿʝ ʙʨʟʦʨʘʩʪʫ˂ʠʭ 

ʪʨʘʥʩʬʦʨʤʠʩʘʥʠʭ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ, ʥʠʚʦ ʧʨʦʜʫʢʮʠʿʝ ROS ʢʦʜ ʦʚʠʭ ˂ʝʣʠʿʘ ʿʝ ʟʥʘʪʥʦ ʚʠʰʠ 

ʦʜ ʥʠʚʦʘ ʢʦʜ ʩʫʩʝʜʥʠʭ ʥʦʨʤʘʣʥʠʭ ˂ʝʣʠʿʘ. ʉʭʦʜʥʦ ʧʦʚʝ˂ʘʥʦʿ ʧʨʦʜʫʢʮʠʿʠ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ, 

ʘʢʪʠʚaʮʠʿʦʤ ʪʨʘʥʩʢʨʠʧʮʠʦʥʦʛ ʬʘʢʪʦʨʘ Nrf2  (ʥʫʢʣʝʘʨʥʠ ʝʨʠʪʨʦʠʜʥʠ ʬʘʢʪʦʨ 2), ʧʦʚʝ˂ʘʚʘ ʩʝ 

ʝʢʩʧʨʝʩʠʿʘ ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ (Klaunig ʠ Wang, 2018), ʘ ʪʠʤʝ ʠ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʠ ʢʘʧʘʮʠʪʝʪ 

ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʢʦʿʠ ʠʤ ʦʙʝʟʙʝʹʫʿʝ ʧʨʝʞʠʚˀʘʚʘˁʝ ʠ ʦʧʩʪʘʥʘʢ ʫ ʥʘʚʝʜʝʥʠʤ ʫʩʣʦʚʠʤʘ. 

ʋʧʨʢʦʩ ʝʬʠʢʘʩʥʦʤ ʦʜʨʞʘʚʘˁʫ ʚʠʩʦʢʠʭ ʥʠʚʦʘ ʧʨʦʜʫʢʮʠʿʝ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ, ʜʠʩʙʘʣʘʥʩ 

ʨʝʜʦʢʩ ʭʦʤʝʦʩʪʘʟʝ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʩʝ ʜʦʛʘʹʘ ʩʘ ʨʝʣʘʪʠʚʥʦ ʤʘʣʠʤ ʧʦʚʝ˂ʘˁʝʤ 

ʠʥʪʨʘʮʝʣʫʣʘʨʥʝ ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʦʚʠʭ ʤʦʣʝʢʫʣʘ. ʈʝʜʦʢʩ ʜʠʩʙʘʣʘʥʩ ʫ ʧʨʦʜʫʢʮʠʿʠ ʨʝʘʢʪʠʚʥʠʭ 

ʚʨʩʪʘ ʤʦʞʝ ʧʦʢʨʝʥʫʪʠ ʧʨʦʮʝʩ ʣʠʧʠʜʥʝ ʧʝʨʦʢʩʠʜʘʮʠʿʝ ʠ ʧʨʦʜʫʢʮʠʿʫ ʮʠʪʦʪʦʢʩʠʯʥʠʭ 

ʣʠʧʠʜʥʠʭ ʨʘʜʠʢʘʣʘ. ɿʘ ʨʘʟʣʠʢʫ ʦʜ ʥʝʪʨʘʥʩʬʦʨʤʠʩʘʥʠʭ ˂ʝʣʠʿʘ, ʪʫʤʦʨʩʢʝ ˂ʝʣʠʿʝ ʟʥʘʪʥʦ ʙʨʞʝ 

ʜʦʩʪʠʞʫ ʧʨʘʛ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʠ ʪʠʤʝ ʩʫ ʫ ʚʝ˂ʝʤ ʨʠʟʠʢʫ ʦʜ ʠʥʜʫʢʮʠʿʝ ˂ʝʣʠʿʩʢʝ ʩʤʨʪʠ, 

ʘʧʦʧʪʦʟʝ, ʥʝʢʨʦʟʝ ʠʣʠ ʘʫʪʦʬʘʛʠʿʝ, ʢʦʿʦʤ ʙʠ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʛʨʘʥʠʯʠʦ ˁʠʭʦʚ ʧʨʦʛʨʝʩʠʚʥʠ 

ʨʘʩʪ (NavaneethaKrishnan ʠ ʩʘʨ., 2019; Gupta ʠ ʩʘʨ., 2020; Hayes ʠ ʩʘʨ., 2020).  

ɱʝʜʘʥ ʦʜ ʥʘʿʚʝ˂ʠʭ ʠʟʘʟʦʚʘ ʩʘ ʢʦʿʠʤʘ ʩʝ ʩʫʩʨʝ˂ʝ ʜʘʥʘʰˁʘ ʤʝʜʠʮʠʥʘ ʿʝ ʧʨʦʥʘʣʘʟʘʢ 

ʝʬʠʢʘʩʥʝ ʪʝʨʘʧʠʿʝ ʩʘ ʚʠʩʦʢʦʤ ʩʝʣʝʢʪʠʚʥʦʰ˂ʫ ʧʨʝʤʘ ʪʫʤʦʨʩʢʠʤ ˂ʝʣʠʿʘʤʘ ʫʟ ʠʩʪʦʚʨʝʤʝʥʦ 

ʩʤʘˁʝˁʝ ʠʣʠ ʧʦʪʧʫʥʦ ʝʣʠʤʠʥʠʩʘˁʝ ʩʠʩʪʝʤʩʢʝ ʪʦʢʩʠʯʥʦʩʪʠ. ɸʥʪʠʪʫʤʦʨʩʢʠ ʣʝʢʦʚʠ ʢʦʿʠ ʩʫ 

ʫ ʫʧʦʪʨʝʙʠ, ʫʩʣʝʜ ʩʪʠʮʘˁʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ, ʨʝʟʫʣʪʫʿʫ ʥʝʛʘʪʠʚʥʠʤ 

ʠʩʭʦʜʦʤ ʜʝʣʦʚʘˁʘ, ʦʜʥʦʩʥʦ ʧʨʝʞʠʚˀʘʚʘˁʫ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ. ʊʘʢʦʹʝ, ʧʦʿʝʜʠʥʠ 

ʘʥʪʠʪʫʤʦʨʩʢʠ ʣʝʢʦʚʠ ʜʘʥʘʰˁʠʮʝ ʥʝ ʧʦʢʘʟʫʿʫ ʩʝʣʝʢʪʠʚʥʦʩʪ, ʪʝ ʩʪʦʛʘ ʠʥʜʫʢʫʿʫ ʦʰʪʝ˂ʝˁʘ ʠ 

ʩʤʨʪ ʟʜʨʘʚʠʭ ˂ʝʣʠʿʘ, ʧʦʩʝʙʥʦ ˂ʝʣʠʿʘ ʩʘ ʚʠʩʦʢʠʤ ʧʨʦʣʠʬʝʨʘʪʠʚʥʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ, ʘ 

ʟʘʙʝʣʝʞʝʥʘ ʿʝ ʠ ʤʦʛʫ˂ʥʦʩʪ ʬʦʨʤʠʨʘˁʘ ʩʝʢʫʥʜʘʨʥʠʭ ʪʫʤʦʨʘ ʠʥʜʫʢʦʚʘʥʠʭ ʭʝʤʦʪʝʨʘʧʠʿʦʤ 

(Ciccarese ʠ ʩʘʨ., 2020). ʉʧʝʮʠʬʠʯʥʦʩʪ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʜʘ ʧʨʦʜʫʢʫʿʫ ROS ʫ ʟʥʘʪʥʦ ʚʝ˂ʦʿ 

ʢʦʥʮʝʥʪʨʘʮʠʿʠ ʥʝʛʦ ʟʜʨʘʚʝ ˂ʝʣʠʿʝ, ʠʩʢʦʨʠʰ˂ʝʥʘ ʿʝ ʫ ʨʘʟʚʦʿʫ ʙʨʦʿʥʠʭ ʘʥʪʠʪʫʤʦʨʩʢʠʭ ʣʝʢʦʚʘ 

ʯʠʿʝ ʩʝ ʜʝʿʩʪʚʦ ʟʘʩʥʠʚʘ ʥʘ ʨʝʛʫʣʘʮʠʿʠ ʧʨʦʜʫʢʮʠʿʝ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʠ/ʠʣʠ ʝʥʟʠʤʩʢʝ 

ʘʢʪʠʚʥʦʩʪʠ ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ (Gupta ʠ ʩʘʨ., 2020). ɸʥʪʠʪʫʤʦʨʩʢʦ ʜʝʣʦʚʘˁʝ ʧʦʿʝʜʠʥʠʭ ʣʝʢʦʚʘ, 

ʢʘʦ ʰʪʦ ʩʫ ʮʠʩʧʣʘʪʠʥʘ, ʜʦʢʩʦʨʫʙʠʮʠʥ, ʤʠʪʦʤʠʮʠʥ ʎ, ʚʠʥʙʣʘʩʪʠʥ, ʠʥʦʩʪʘʤʠʮʠʥ, 

ʥʝʦʢʘʨʟʠʥʦʩʪʘʪʠʥ, ʠ ʢʘʤʧʪʦʪʝʮʠʥ, ʠʩʧʦˀʘʚʘ ʩʝ ʧʨʝʢʦ ʠʥʜʫʢʮʠʿʝ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ ʫ 

ʪʫʤʦʨʩʢʠʤ ˂ʝʣʠʿʘʤʘ, (Ăʦʢʩʠʜʘʪʠʚʥʘ ʪʝʨʘʧʠʿʘñ), ʢʘʦ ʠ ʧʨʝʢʦ ROS ʧʦʩʨʝʜʦʚʘʥʝ ʘʢʪʠʚʘʮʠʿʝ 

ʘʧʦʧʪʦʪʩʢʠʭ ʩʠʛʥʘʣʥʠʭ ʧʫʪʝʚʘ (Barrera, 2012). ʇʦʨʝʜ ʭʝʤʦʪʝʨʘʧʝʫʪʠʢʘ, ʩʧʦʩʦʙʥʦʩʪ 

ʠʥʜʫʢʮʠʿʝ ˂ʝʣʠʿʩʢʝ ʩʤʨʪʠ ʧʫʪʝʤ ʤʦʜʫʣʘʮʠʿʝ ʥʠʚʦʘ ROS-ʘ ʠ ʘʢʪʠʚʥʦʩʪʠ AOS-ʘ ʠʩʧʦˀʘʚʘʿʫ 

ʠ ʧʦʿʝʜʠʥʠ ʧʨʠʨʦʜʥʠ ʘʛʝʥʩʠ, ʘʥʪʠʦʢʩʠʜʘʥʩʠ, ʯʠʿʘ ʿʝ ʧʨʠʤʝʥʘ ʫ ʮʠˀʫ ʧʨʝʚʝʥʮʠʿʝ ʥʘʩʪʘʥʢʘ 

ʪʫʤʦʨʘ, ʿʘʯʘˁʘ ʘʥʪʠʪʫʤʦʨʩʢʠʭ ʝʬʝʢʘʪʘ ʭʝʤʦʪʝʨʘʧʝʫʪʠʢʘ ʧʘ ʯʘʢ ʠ ʠʥʜʫʢʮʠʿʘ ʩʤʨʪʠ 

ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʫ ʝʢʩʧʘʥʟʠʿʠ. ʅʘʚʝʜʝʥʝ ʩʪʨʘʪʝʛʠʿʝ ʩʫ ʪʝʤʝˀ ʟʘ ʜʘˀʠ ʨʘʟʚʦʿ ʥʦʚʠʭ 

ʝʬʠʢʘʩʥʠʿʠʭ ʧʨʝʚʝʥʪʠʚʥʠʭ ʠ ʪʝʨʘʧʝʫʪʩʢʠʭ ʘʛʝʥʘʩʘ ʩʘ ʠʟʨʘʞʝʥʠʤ ʩʝʣʝʢʪʠʚʥʠʤ ʜʝʣʦʚʘˁʝʤ, 

ʘ ʪʘʢʦʹʝ ʩʫ ʠ ʩʪʨʘʪʝʛʠʿʝ ʢʦʿʝ ʙʠ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʙʝʟʙʝʜʠʣʝ ʧʨʝʚʘʟʠʣʘʞʝˁʝ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ 

ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʥʘ ʢʦʤʝʨʮʠʿʘʣʥʝ ʭʝʤʦʪʝʨʘʧʝʫʪʠʢʝ (Galadari ʠ ʩʘʨ., 2017; Calaf ʠ ʩʘʨ., 2018; 

Moldogazieva ʠ ʩʘʨ., 2018; NavaneethaKrishnan ʠ ʩʘʨ., 2019; Gupta ʠ ʩʘʨ., 2020). ʄʝʹʫʪʠʤ, 

ʧʦʪʨʝʙʥʦ ʿʝ ʠʩʪʘ˂ʠ ʠ ʤʦʛʫ˂ʥʦʩʪ ʠʩʧʦˀʘʚʘˁʘ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʥʝʞʝˀʝʥʠʭ ʝʬʝʢʘʪʘ ʢʦʨʠʰ˂ʝˁʘ 

ʨʝʜʦʢʩ ʘʢʪʠʚʥʠʭ ʩʫʧʩʪʘʥʮʠ ʫ ʧʨʝʚʝʥʮʠʿʠ ʠ ʘʥʪʠʪʫʤʦʨʩʢʦʿ ʪʝʨʘʧʠʿʠ. ɼʦʢ ʭʝʤʦʪʝʨʘʧʠʿʘ 

ʘʛʝʥʩʠʤʘ ʩʘ ʧʨʦʦʢʩʠʜʘʪʠʚʥʦʤ ʘʢʪʠʚʥʦʰ˂ʫ ʟʘ ʮʠˀ ʠʤʘ ʧʦʚʝ˂ʘˁʝ ʧʨʦʜʫʢʮʠʿʝ ROS-ʘ, 

ʩʤʘˁʝˁʝ ʘʢʪʠʚʥʦʩʪʠ AOS-ʘ ʠ ʧʦʩʣʝʜʠʯʥʫ ʘʢʪʠʚʘʮʠʿʫ ˂ʝʣʠʿʩʢʝ ʩʤʨʪʠ, ʭʝʤʦʧʨʝʚʝʥʪʠʚʥʘ 

ʧʨʠʤʝʥʘ ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ ʟʘ ʮʠˀ ʠʤʘ ʩʧʨʝʯʘʚʘˁʝ ʤʘʣʠʛʥʠʭ ʪʨʘʥʩʬʦʨʤʘʮʠʿʘ ʥʦʨʤʘʣʥʠʭ 

˂ʝʣʠʿʘ ʧʫʪʝʤ ʩʤʘˁʝˁʘ ʧʨʦʜʫʢʮʠʿʝ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʠ ʩʫʧʨʝʩʠʿʝ ʦʢʩʠʜʘʪʠʚʥʦʛ ʩʪʨʝʩʘ. 
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ʅʝʢʦʥʪʨʦʣʠʩʘʥʘ ʫʧʦʪʨʝʙʘ ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ ʤʦʞʝ ʜʘ ʠʟʘʟʦʚʝ ʢʦʥʪʨʘʝʬʝʢʘʪ ʠ ʜʘ ʩʤʘˁʝˁʝʤ 

ʥʠʚʦʘ ROS-ʘ ʩʧʨʝʯʠ ʠʥʜʫʢʮʠʿʫ ʘʧʦʧʪʦʟʝ ʧʨʝʢʘʥʮʝʨʦʟʥʠʭ ʠ ʪʨʘʥʩʬʦʨʤʠʩʘʥʠʭ ˂ʝʣʠʿʘ, 

ʬʘʚʦʨʠʟʫʿʫ˂ʠ ʧʨʦʤʦʮʠʿʫ ʪʫʤʦʨʘ (Gupta ʠ ʩʘʨ., 2020). ʊʘʢʦʹʝ, ʥʝʘʜʝʢʚʘʪʥʘ ʫʧʦʪʨʝʙʘ 

ʘʥʪʠʦʢʩʠʜʘʥʘʩʘ ʙʠ ʤʦʛʣʘ ʜʘ ʨʝʤʝʪʠ ʝʬʠʢʘʩʥʦʩʪ ʨʘʜʠʦ ʠ ʭʝʤʦʪʝʨʘʧʠʿʝ ʯʠʿʝ ʩʝ ʘʥʪʠʪʫʤʦʨʩʢʦ 

ʜʝʣʦʚʘˁʝ ʙʘʟʠʨʘ ʥʘ ʠʥʜʫʢʮʠʿʠ ʘʧʦʧʪʦʟʝ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʧʫʪʝʤ ʧʦʚʝ˂ʘˁʘ ʥʠʚʦʘ ROS-ʘ (Xu 

ʠ ʩʘʨ., 2017; Hayes ʠ ʩʘʨ., 2020). ʇʨʦʣʦʥʛʠʨʘʥʘ ʭʝʤʦʪʝʨʘʧʠʿʘ ʤʦʞʝ ʫʪʠʮʘʪʠ ʥʘ ʩʪʠʮʘˁʝ 

ʦʪʧʦʨʥʦʩʪʠ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ, ʘ ʪʘʢʦʹʝ ʠ ʠʥʜʫʢʦʚʘʪʠ ʜʦʜʘʪʥʝ ʛʝʥʝʪʩʢʝ ʤʫʪʘʮʠʿʝ ʫʩʣʝʜ 

ʧʦʚʝ˂ʘʥʝ ʧʨʦʜʫʢʮʠʿʝ ROS, ʜʦʧʨʠʥʦʩʝ˂ʠ ʬʦʨʤʠʨʘˁʫ ʩʝʢʫʥʜʘʨʥʠʭ, ʭʝʪʝʨʦʛʝʥʠʭ ʪʫʤʦʨʘ 

ʦʪʧʦʨʥʠʭ ʥʘ ʣʝʢʦʚʝ ʠ ʩʘ ʠʩʪʘʢʥʫʪʠʤ ʤʝʪʘʩʪʘʪʩʢʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ (Yang ʠ ʩʘʨ., 2018). ʉʭʦʜʥʦ 

ʥʘʚʝʜʝʥʦʤ, ʦʜ ʠʟʫʟʝʪʥʝ ʚʘʞʥʦʩʪʠ ʿʝ ʦʜʘʙʠʨ ʘʥʪʠʦʢʩʠʜʘʥʩʘ ʢʦʿʠ ʙʠ ʩʝ ʧʦʪʝʥʮʠʿʘʣʥʦ 

ʢʦʨʠʩʪʠʦ ʢʘʦ ʭʝʤʦʧʨʝʚʝʥʪʠʚʥʦ ʩʨʝʜʩʪʚʦ, ʜʦʟʝ ʫ ʢʦʿʠʤʘ ʙʠ ʙʠʦ ʧʨʠʤʝˁʝʥ, ʠ ʢʘʦ ʥʘʿʚʘʞʥʠʿʝ, 

ʩʘ ʢʦʿʠʤ ʙʠ ʭʝʤʦʪʝʨʘʧʝʫʪʠʢʦʤ ʫ ʢʦʤʙʠʥʦʚʘʥʠʤ ʘʥʪʠʪʫʤʦʨʩʢʠʤ ʪʨʝʪʤʘʥʠʤʘ ʧʦʩʪʠʛʘʦ 

ʥʘʿʚʝ˂ʫ ʝʬʠʢʘʩʥʦʩʪ. 

 

 

3. ɸʥʪʠʪʫʤʦʨʩʢʘ ʪʝʨʘʧʠʿʘ ʠ ʭʝʤʦʪʝʨʘʧʝʫʪʩʢʠ ʤʝʜʠʢʘʤʝʥʪʠ 

 

ʊʝʨʘʧʠʿʩʢʠ ʧʨʠʩʪʫʧʠ ʣʝʯʝˁʘ ʤʘʣʠʛʥʠʪʝʪʘ ʨʘʟʣʠʢʫʿʫ ʩʝ ʫ ʟʘʚʠʩʥʦʩʪʠ ʦʜ ʨʘʟʚʦʿʥʦʛ 

ʩʪʘʜʠʿʫʤʘ ʙʦʣʝʩʪʠ ʠ ʪʠʧʘ ʪʫʤʦʨʘ. ʅʘʿʯʝʰ˂ʠ ʧʨʠʩʪʫʧʠ ʩʫ ʭʠʨʫʨʰʢʦ ʫʢʣʘˁʘˁʝ ʪʫʤʦʨʘ, 

ʨʘʜʠʦʪʝʨʘʧʠʿʘ, ʭʝʤʦʪʝʨʘʧʠʿʘ, ʭʦʨʤʦʥʘʣʥʘ ʠ ʠʤʫʥʦʪʝʨʘʧʠʿʘ. ɳʠʭʦʚʘ ʧʨʠʤʝʥʘ ʿʝ ʚʨʣʦ ʯʝʩʪʦ 

ʢʦʤʙʠʥʦʚʘʥʘ ʩʘ ʮʠˀʝʤ ʧʦʩʪʠʟʘˁʘ ʰʪʦ ʜʝʣʦʪʚʦʨʥʠʿʝʛ ʝʬʝʢʪʘ. ʍʝʤʦʪʝʨʘʧʠʿʘ ʩʝ ʥʘʿʯʝʰ˂ʝ 

ʩʧʨʦʚʦʜʠ ʢʘʦ ʘʜʿʫʚʘʥʪʥʘ, ʥʘʢʦʥ ʦʧʝʨʘʪʠʚʥʦʛ ʟʘʭʚʘʪʘ. ʉʧʨʦʚʦʹʝˁʝ ʦʚʦʛ ʪʠʧʘ ʪʝʨʘʧʠʿʝ 

ʩʤʘˁʫʿʝ ʤʦʛʫ˂ʥʦʩʪ ʜʠʩʝʤʠʥʘʮʠʿʝ ʪʫʤʦʨʘ ʠ ʫʯʝʩʪʘʣʦʩʪ ʤʝʪʘʩʪʘʟʘ, ʜʦʢ ʩʝ ʢʘʦ ʪʨʝʪʤʘʥ ʚʝ˂ 

ʜʠʩʝʤʠʥʦʚʘʥʝ ʙʦʣʝʩʪʠ ʩʧʨʦʚʦʜʠ ʩʘ ʮʠˀʝʤ ʫʙʣʘʞʘʚʘˁʘ ʩʠʤʧʪʦʤʘ ʤʘʣʠʛʥʠʪʝʪʘ ʠ 

ʧʨʦʜʫʞʘʚʘˁʘ ʞʠʚʦʪʘ.  

ʎʠʪʦʩʪʘʪʠʮʠ ʩʚʦʿʝ ʜʝʣʦʚʘˁʝ ʠʩʧʦˀʘʚʘʿʫ ʥʘ ʥʠʚʦʫ ʨʝʛʫʣʘʮʠʿʝ ˂ʝʣʠʿʩʢʦʛ ʤʝʪʘʙʦʣʠʟʤʘ, 

ʩʧʨʝʯʘʚʘʿʫ ʨʘʩʪ ˂ʝʣʠʿʘ ʠʥʭʠʙʠʮʠʿʦʤ ʝʥʟʠʤʩʢʝ ʘʢʪʠʚʥʦʩʪʠ, ʧʨʦʣʠʬʝʨʘʮʠʿʫ ˂ʝʣʠʿʘ 

ʠʥʭʠʙʠʮʠʿʦʤ ʜʝʦʙʝ ʠ ʠʥʜʫʢʫʿʫ ʦʰʪʝ˂ʝˁ ʘ ɼʅʂ ʤʦʣʝʢʫʣʘ ʚʦʜʝ˂ʠ ʜʦ ʘʧʦʧʪʦʟʝ. ʀ ʧʦʨʝʜ 

ʚʝʣʠʢʝ ʝʬʠʢʘʩʥʦʩʪʠ, ʧʨʠʤʝˁʝʥʘ ʭʝʤʦʪʝʨʘʧʠʿʘ ʤʦʞʝ ʨʝʟʫʣʪʦʚʘʪʠ ʥʝʫʩʧʝʣʠʤ ʠʩʭʦʜʦʤ ʫʩʣʝʜ 

ʩʪʠʮʘˁʘ ʨʝʟʠʩʪʝʥʪʥʦʩʪʠ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʥʘ ʮʠʪʦʩʪʘʪʠʢʝ, ʘ ʪʘʢʦʹʝ ʩʝ ʤʦʛʫ ʠʩʧʦˀʠʪʠ ʠ 

ʥʝʞʝˀʝʥʠ ʝʬʝʢʪʠ ʥʘ ʟʜʨʘʚʝ ˂ʝʣʠʿʝ ʦʨʛʘʥʠʟʤʘ.  

ʅʘ ʦʩʦʚʫ ʤʝʭʘʥʠʟʤʘ ʜʝʣʦʚʘˁʘ ʠ ʧʨʝʤʘ ɸʤʝʨʠʯʢʦʿ ʘʛʝʥʮʠʿʝ ʟʘ ʭʨʘʥʫ ʠ ʣʝʢʦʚʝ, FDA 

ʦʨʛʘʥʠʟʘʮʠʿʠ (ʝʥʛʣ. Food and Drug Administration), ʜʝʬʠʥʠʩʘʥʝ ʩʫ ʦʩʥʦʚʥʝ ʢʘʪʝʛʦʨʠʿʝ 

ʭʝʤʦʪʝʨʘʧʝʫʪʠʢʘ: ʘʣʢʠʣʠʨʘʿʫ˂ʠ ʘʛʝʥʩʠ (ʮʠʢʣʦʬʦʩʬʘʤʠʜ ʠ ʜʝʨʠʚʘʪʠ ʧʣʘʪʠʥʝ (Pt)); 

ʘʥʪʠʤʠʢʨʦʪʫʙʫʣʥʠ ʠ ʘʥʪʠʤʠʪʦʪʠʯʢʠ ʘʛʝʥʩʠ (ʚʠʥʢʘ ʘʣʢʘʣʦʠʜʠ ʠ ʪʘʢʩʘʥʠ); ʘʥʪʠʤʝʪʘʙʦʣʠʪʠ 

(ʤʝʪʦʪʨʝʢʩʘʪ, 5-ʬʣʫʦʨʦʫʨʘʮʠʣ, ʛʝʤʮʠʪʘʙʠʥ); ʘʥʪʠʪʫʤʦʨʩʢʠ ʘʥʪʠʙʠʦʪʠʮʠ (ʘʢʪʠʥʦʤʠʮʠʥ ɼ, 

ʤʠʪʦʤʠʮʠʥ ʎ, ʙʣʝʦʤʠʮʠʥ, ʘʥʪʨʘʮʠʢʣʠʥʠ: ʜʦʢʩʦʨʫʙʠʮʠʥ, ʜʘʫʥʦʨʫʙʠʮʠʥ, ʧʦʜʦʬʠʣʦʪʦʢʩʠʥ, 

ʝʪʦʧʦʟʠʜ, ʪʝʥʠʧʦʟʠʜ ʠ ʢʘʤʧʪʦʪʝʮʠʥʠ: ʠʨʠʥʦʪʝʢʘʥ, ʪʦʧʦʪʝʢʘʥ); ʠ ʜʨʫʛʠ (ʧʨʠʨʦʜʥʠ 

ʧʨʦʠʟʚʦʜʠ, ʤʦʥʦʢʣʦʥʩʢʘ ʘʥʪʠʪʝʣʘ, ʣʝʢʦʚʠ ʟʘ ʘʥʪʠʘʥʛʠʦʛʝʥʝʟʫ, ʠʥʭʠʙʠʪʦʨʠ ʪʦʧʦʠʟʦʤʝʨʘʟʝ, 

ʠʥʭʠʙʠʪʦʨʠ ʤʠʪʦʟʝ, ʠʥʭʠʙʠʪʦʨʠ ʧʨʦʪʝʠʥʘ ʪʦʧʣʦʪʥʦʛ ʰʦʢʘ (ʝʥʛʣ. Heat shock protein) ʠʪʜ.) 

(Boulikas, 2009; Espinosa ʠ Raposo, 2010). ʎʠʩʧʣʘʪʠʥʘ ʠ ˁʝʥʠ ʜʝʨʠʚʘʪʠ ʩʚʨʩʪʘʥʠ ʩʫ ʫ 

ʘʣʢʠʣʠʨʘʿʫ˂ʝ ʘʛʝʥʩʝ ʯʠʿʝ ʿʝ ʜʝʣʦʚʘˁʝ ʫʩʤʝʨʝʥʦ ʥʘ ɼʅʂ ʠ ʈʅʂ ʤʦʣʝʢʫʣʝ ʫʩʣʝʜ ʧʦʩʪʦʿʘˁʘ 

ʘʣʢʠʣ ʨʘʜʠʢʘʣʘ ʢʦʿʠ ʠʤʘʿʫ ʚʠʩʦʢ ʘʬʠʥʠʪʝʪ ʧʨʝʤʘ ʘʟʦʪʦʚʠʤ ʘʪʦʤʠʤʘ ʧʫʨʠʥʩʢʠʭ ʠ 

ʧʠʨʠʤʠʜʠʥʩʢʠʭ ʙʘʟʘ. ɺʝʟʠʚʘˁʝʤ ʦʚʠʭ ʘʛʝʥʘʩʘ ʟʘ ʘʟʦʪ ʦʥʝʤʦʛʫ˂ʘʚʘ ʩʝ ʧʨʘʚʠʣʥʦ ʩʧʘʨʠʚʘˁʝ 

ʙʘʟʘ ʥʦʚʦʛ ɼʅʂ ʤʦʣʝʢʫʣʘ ʪʦʢʦʤ ʧʨʦʮʝʩʘ ʨʝʧʣʠʢʘʮʠʿʝ, ʰʪʦ ʫʟʨʦʢʫʿʝ ʘʧʦʧʪʦʟʫ ˂ʝʣʠʿʝ. 

ʇʨʝʜʥʦʩʪ ʘʣʢʠʣʠʨʘʿʫ˂ʠʭ ʘʛʝʥʘʩʘ ʿʝ ʰʪʦ ʩʝ ˁʠʭʦʚʦ ʜʝʣʦʚʘˁʝ ʠʩʧʦˀʘʚʘ ʫ ʩʚʠʤ ʬʘʟʘʤʘ 
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˂ʝʣʠʿʩʢʦʛ ʮʠʢʣʫʩʘ ʪʝ ʩʝ ʩʪʦʛʘ ʤʦʛʫ ʢʦʨʠʩʪʠʪʠ ʫ ʪʝʨʘʧʠʿʠ ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʪʫʤʦʨʘ, 

ʧʨʝʚʘʩʭʦʜʥʦ ʙʨʟʦʨʘʩʪʫ˂ʠʭ ʪʫʤʦʨʘ. ʀʩʧʦˀʘʚʘˁʝ ʥʝʞʝˀʝʥʠʭ ʝʬʝʢʘʪʘ ʫ ʚʠʜʫ ʩʠʩʪʝʤʩʢʝ 

ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʨʝʟʠʩʪʝʥʮʠʿʝ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ ʩʫ ʛʣʘʚʥʝ ʧʨʝʧʨʝʢʝ ʢʦʿʝ ʣʠʤʠʪʠʨʘʿʫ ʢʣʠʥʠʯʢʫ 

ʫʧʦʪʨʝʙʫ ʦʚʠʭ ʘʛʝʥʘʩʘ (Ralhan ʠ Kaur, 2007). 

 

 

3.1. ɹʠʦʤʝʜʠʮʠʥʩʢʘ ʫʧʦʪʨʝʙʘ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʣʘ 

 

ɿʙʦʛ ʩʚʦʿʠʭ ʩʧʝʮʠʬʠʯʥʠʭ ʢʘʨʘʢʪʝʨʠʩʪʠʢʘ ʫ ʨʝʘʢʮʠʿʠ ʩʘ ʙʠʦʣʦʰʢʠʤ ʩʫʧʩʪʨʘʪʠʤʘ, ʢʘʦ ʠ 

ʠʩʧʦˀʘʚʘˁʫ ʘʥʪʠʙʘʢʪʝʨʠʮʠʜʥʦʛ, ʘʥʪʠʬʫʛʘʣʥʦʛ, ʘʥʪʠʠʥʬʣʘʤʘʪʦʨʥʦʛ ʠ ʘʥʪʠʪʫʤʦʨʩʢʦʛ 

ʜʝʣʦʚʘˁʘ, ʢʦʤʧʣʝʢʩʠ ʤʝʪʘʣʘ ʩʫ ʧʦʩʪʘʣʠ ʧʨʠʤʝʥˀʠʚʠ ʫ ʪʝʨʘʧʠʿʠ ʰʠʨʦʢʦʛ ʜʠʿʘʧʘʟʦʥʘ 

ʙʦʣʝʩʪʠ. ɳʠʭʦʚʘ ʙʠʦʣʦʰʢʘ ʘʢʪʠʚʥʦʩʪ ʟʘʩʥʠʚʘ ʩʝ ʥʘ ʚʠʩʦʢʦʤ ʨʝʜʦʢʩ ʧʦʪʝʥʮʠʿʘʣʫ ʠ 

ʩʧʦʧʦʙʥʦʩʪʠ ʦʪʧʫʰʪʘˁʘ ʝʣʝʢʪʨʦʥʘ, ʯʠʤʝ ʩʝ ʬʦʨʤʠʨʘʿʫ ʧʦʟʠʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘʥʠ ʿʦʥʠ ʢʦʿʠ 

ʩʫ ʣʘʢʦ ʨʘʩʪʚʦʨˀʠʚʠ ʫ ʙʠʦʣʦʰʢʠʤ ʪʝʯʥʦʩʪʠʤʘ. ʋʟʠʤʘʿʫ˂ʠ ʫ ʦʙʟʠʨ ʜʘ ʚʝ˂ʠʥʘ ʙʠʦʣʦʰʢʠʭ 

ʝʥʪʠʪʝʪʘ ʥʦʩʠ ʥʝʛʘʪʠʚʥʦ ʥʘʝʣʝʢʪʨʠʩʘˁʝ (ʧʨʦʪʝʠʥʠ, ʥʫʢʣʝʠʥʩʢʝ ʢʠʩʝʣʠʥʝ ʢʘʦ ʠ ˁʠʭʦʚʝ 

ʩʘʩʪʘʚʥʝ ʢʦʤʧʦʥʝʥʪʝ), ʤʝʪʘʣʥʠ ʿʦʥʠ ʠʤʘʿʫ ʪʝʥʜʝʥʮʠʿʫ ʜʘ ʠʥʪʝʨʘʛʫʿʫ ʩʘ ˁʠʤʘ ʦʤʝʪʘʿʫ˂ʠ 

ʧʨʦʣʠʬʝʨʘʪʠʚʥʫ ʘʢʪʠʚʥʦʩʪ ˂ʝʣʠʿʝ. ʆʩʦʙʠʥʘ ʠʥʪʝʨʘʢʮʠʿʝ ʤʝʪʘʣʥʠʭ ʿʦʥʘ ʩʘ ʦʨʛʘʥʩʢʠʤ 

ʤʦʣʝʢʫʣʠʤʘ ʪʘʢʦʹʝ ʿʝ ʧʦʩʣʫʞʠʣʘ ʢʘʦ ʦʩʥʦʚ ʟʘ ʨʘʟʚʦʿ ʥʦʚʠʭ ʧʦʪʝʥʮʠʿʘʣʥʠʭ ʤʝʜʠʢʘʤʝʥʘʪʘ ʫ 

ʚʠʜʫ ʢʦʤʧʣʝʢʩʘ ʤʝʪʘʣʘ ʩʘ ʨʘʟʣʠʯʠʪʠʤ ʿʝʜʠˁʝˁʠʤʘ ʫ ʬʫʥʢʮʠʿʠ ʣʠʛʘʥʘʜʘ. ɺʝʣʠʢʠ ʙʨʦʿ 

ʤʝʪʘʣʥʠʭ ʢʦʤʧʣʝʢʩʘ ʿʝ ʚʝ˂ ʫʚʝʜʝʥ ʫ ʢʣʠʥʠʯʢʫ ʧʨʘʢʩʫ (Hossain ʠ ʩʘʨ., 2018). ʄʝʹʫʪʠʤ, ʫʩʣʝʜ 

ʤʦʛʫ˂ʥʦʩʪʠ ʘʢʫʤʫʣʘʮʠʿʝ ʤʝʪʘʣʘ ʫ ʦʨʛʘʥʠʟʤʫ ʠ ʠʩʧʦˀʘʚʘˁʘ ʧʦʪʝʥʮʠʿʘʣʥʦ ʦʧʘʩʥʠʭ 

ʥʝʞʝˁʝʥʠʭ ʝʬʝʢʘʪʘ ʦʚʝ ʚʨʩʪʝ ʣʝʢʦʚʘ, ʥʝʦʧʭʦʜʥʘ ʿʝ ˁʠʭʦʚʘ ʜʘˀʘ ʝʚʘʣʫʘʮʠʿʘ, ʘ ʪʘʢʦʹʝ ʠ 

ʜʠʟʘʿʥʠʨʘˁʝ ʥʦʚʠʭ ʢʦʤʧʣʝʢʩʘ ʩʘ ʩʝʣʝʢʪʠʚʥʠʤ ʝʬʝʢʪʦʤ. ʋʧʦʪʨʝʙʘ ʩʧʝʮʠʬʠʯʥʠʭ ʣʠʛʘʥʘʜʘ, 

ʩʫʧʩʪʠʪʫʮʠʿʘ ʿʦʥʘ Pt ʜʨʫʛʠʤ ʿʦʥʠʤʘ ʧʨʝʣʘʟʥʠʭ ʤʝʪʘʣʘ, ʠʩʧʠʪʠʚʘˁʝ ʧʨʠʨʦʜʥʠʭ ʿʝʜʠˁʝˁʘ ʠ 

ˁʠʭʦʚʠʭ ʢʦʤʙʠʥʦʚʘʥʠʭ ʝʬʝʢʘʪʘ ʩʫ ʩʪʨʘʪʝʛʠʿʝ ʟʘ ʨʘʟʚʦʿ ʥʦʚʠʭ ʘʥʪʠʪʫʤʦʨʩʢʠʭ ʘʛʝʥʘʩʘ. 

ɳʠʭʦʚʝ ʧʦʪʝʥʮʠʿʘʣʥʝ ʢʘʨʘʢʪʝʨʠʩʪʠʢʝ ʙʠʣʝ ʙʠ ʧʦʚʝ˂ʘʥʘ ʩʝʣʝʢʪʠʚʥʦʩʪ ʫ ʦʜʥʦʩʫ ʥʘ 

ʮʠʩʧʣʘʪʠʥʫ, ʚʝ˂ʠ ʪʝʨʘʧʝʫʪʩʢʠ ʠʥʜʝʢʩ ʠ ʚʠʩʦʢ ʧʨʦʮʝʥʘʪ ʝʬʠʢʘʩʥʦʩʪʠ ʧʨʠʤʘʨʥʝ ʪʝʨʘʧʠʿʝ, 

ʥʘʨʦʯʠʪʦ ʧʨʦʪʠʚ ʪʫʤʦʨʘ ʨʝʟʠʩʪʝʥʪʥʠʭ ʥʘ ʮʠʩʧʣʘʪʠʥʫ ʢʘʦ ʠ ʨʝʢʫʨʝʥʪʥʠʭ ʪʫʤʦʨʘ. 

  

3.1.1. ɸʥʪʠʪʫʤʦʨʩʢʘ ʘʢʪʠʚʥʦʩʪ ʠ ʤʝʭʘʥʠʟʘʤ ʜʝʣʦʚʘˁʘ ʧʣʘʪʠʥʘ(II)  ʢʦʤʧʣʝʢʩʘ 

 

ʅʘʿʟʥʘʯʘʿʥʠʿʝ ʨʝʚʦʣʫʮʠʦʥʘʨʥʦ ʦʪʢʨʠ˂ʝ ʢʦʿʝ ʿʝ ʦʙʝʣʝʞʠʣʦ ʙʦʨʙʫ ʧʨʦʪʠʚ ʤʘʣʠʛʥʠʭ 

ʙʦʣʝʩʪʠ ʿʝ ʩʣʫʯʘʿʥʦ ʦʪʢʨʠ˂ʝ ʘʥʪʠʪʫʤʦʨʩʢʦʛ ʧʦʪʝʥʮʠʿʘʣʘ ʮʠʩʧʣʘʪʠʥʝ ʦʜ ʩʪʨʘʥʝ ʈʦʟʝʥʙʝʨʛʘ 

1965. ʛʦʜʠʥʝ. ʆʜ ʠʜʝʥʪʠʬʠʢʘʮʠʿʝ 1969. ʛʦʜʠʥʝ ʠ ʫʚʦʹʝˁʘ ʫ ʢʣʠʥʠʯʢʫ ʧʨʘʢʩʫ ʧʦʯʝʪʢʦʤ 70-

ʪʠʭ ʛʦʜʠʥʘ ʧʨʦʰʣʦʛ ʚʝʢʘ, ʮʠʩʧʣʘʪʠʥʘ ʿʝ ʥʘʿʯʝʰ˂ʝ ʫʧʦʪʨʝʙˀʠʚʘʥ ʮʠʪʦʩʪʘʪʠʢ, ʢʘʢʦ ʫ 

ʧʦʿʝʜʠʥʘʯʥʠʤ ʪʘʢʦ ʠ ʫ ʢʦʤʙʠʥʦʚʘʥʠʤ ʪʨʝʪʤʘʥʠʤʘ ʢʦʿʠ ʩʝ ʩʧʨʦʚʦʜʝ ʧʨʠʣʠʢʦʤ ʣʝʯʝˁʘ 

ʨʘʟʣʠʯʠʪʠʭ ʚʨʩʪʘ ʪʫʤʦʨʘ ʩʘ ʚʠʩʦʢʠʤ ʧʨʦʣʠʬʝʨʘʪʠʚʥʠʤ ʧʦʪʝʥʮʠʿʘʣʦʤ (ʪʫʤʦʨ ʧʣʫ˂ʘ,  

ʿʝʜˁʘʢʘ, ʙʝʰʠʢʝ, ʙʫʙʨʝʛʘ, ʧʨʦʩʪʘʪʝ, ʪʝʩʪʠʩʘ, ʦʚʘʨʠʿʫʤʘ, ʮʝʨʚʠʢʩʘ, ʜʦʿʢʝ, ʧʘʥʢʨʝʘʩʘ, 

ʛʘʩʪʨʦʠʥʪʝʩʪʠʥʘʣʥʠ ʪʫʤʦʨ, ʢʦʣʦʨʝʢʪʘʣʥʠ ʪʫʤʦʨ, ʭʝʧʘʪʦʮʝʣʫʣʘʨʥʠ ʪʫʤʦʨ, ʢʘʦ ʠ ʧʨʦʪʠʚ 

ʛʣʠʦʙʣʘʩʪʦʤʘ, ʤʝʪʘʩʪʘʪʩʢʠʭ ʤʝʣʘʥʦʤʘ ʠ ʧʝʨʠʪʦʥʝʘʣʥʠʭ ʠʣʠ ʧʣʝʫʨʘʣʥʠʭ ʤʝʟʦʪʝʣʠʦʤʘ) 

(Boulikas, 2009; Ghosh, 2019). ɼʦ ʜʘʥʘʩ ʿʝ ʦʪʢʨʠʚʝʥ ʠ ʪʝʩʪʠʨʘʥ ʚʝʣʠʢʠ ʙʨʦʿ ʘʥʪʠʪʫʤʦʨʩʢʠʭ 

ʘʛʝʥʘʩʘ ʥʘ ʙʘʟʠ ʧʣʘʪʠʥʝ, ʘʣʠ ʩʘʤʦ ʩʝʜʘʤ ʿʝʜʠˁʝˁʘ ʿʝ ʫʢˀʫʯʝʥʦ ʫ ʢʣʠʥʠʯʢʫ ʧʨʠʤʝʥʫ (ʉʣʠʢʘ 

8) ʦʜ ʢʦʿʠʭ ʩʝ ʪʨʠ ʫʧʦʪʨʝʙˀʘʚʘʿʫ ʰʠʨʦʤ ʩʚʝʪʘ (ʮʠʩʧʣʘʪʠʥʘ, ʢʘʨʙʦʧʣʘʪʠʥʘ ʠ  

ʦʢʩʘʣʠʧʣʘʪʠʥʘ), ʜʦʢ ʿʝ ʧʨʠʤʝʥʘ ʦʩʪʘʣʠʭ ʦʜʦʙʨʝʥʘ ʩʘʤʦ ʫ ʧʦʿʝʜʠʥʠʤ ʟʝʤˀʘʤʘ (ʥʝʜʘʧʣʘʪʠʥʘ 

- ɱʘʧʘʥ, ʣʦʙʘʧʣʘʪʠʥʘ - ʂʦʨʝʿʘ, ʭʝʧʪʘʧʣʘʪʠʥʘ - ʂʠʥʘ, ʤʠʨʠʧʣʘʪʠʥʘ - ɱʘʧʘʥ) (Sun ʠ ʩʘʨ., 2021).  
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ʉʣʠʢʘ 8. ʉʪʨʫʢʪʫʨʥʝ ʬʦʨʤʫʣʝ ʣʝʢʦʚʘ ʥʘ ʙʘʟʠ ʧʣʘʪʠʥʝ ʦʜʦʙʨʝʥʠʭ ʟʘ ʢʣʠʥʠʯʢʫ ʫʧʦʪʨʝʙʫ  

(ʤʦʜʠʬʠʢʦʚʘʥʦ ʠʟ Sun ʠ ʩʘʨ., 2021) 

 

ʎʠʩʧʣʘʪʠʥʘ (cis-[PtCl2(NH3)2]; cis-ʜʠʘʤʠʥʜʠʭʣʦʨoʧʣʘʪʠʥʘ (II)) ʿʝ ʢʚʘʜʨʘʪʥʦ ʧʣʘʥʘʨʥʠ 

ʢʦʦʨʜʠʥʘʮʠʦʥʠ ʢʦʤʧʣʝʢʩ ʩʘ ʘʪʦʤʦʤ Pt(II)  ʫ ʢʦʦʨʜʠʥʘʮʠʦʥʦʤ ʮʝʥʪʨʫ ʟʘ ʢʦʿʠ ʩʫ ʚʝʟʘʥʘ ʜʚʘ 

ʤʦʣʝʢʫʣʘ ʘʤʦʥʠʿʘʢʘ ʠ ʜʚʘ ʘʪʦʤʘ ʭʣʦʨʘ ʫ cis ʧʦʣʦʞʘʿʫ. ʄʦʣʝʢʫʣʠ ʘʤʦʥʠʿʘʢʘ ʩʘ ʘʪʦʤʦʤ Pt 

ʬʦʨʤʠʨʘʿʫ ʩʪʘʙʠʣʥʝ ʚʝʟʝ, ʜʦʢ ʩʫ ʚʝʟʝ ʠʟʤʝʹʫ ʭʣʦʨʠʜʥʠʭ ʿʦʥʘ ʠ Pt ʩʣʘʙʝ ʚʝʟʝ ʯʠʿʦʤ ʩʝ 

ʭʠʜʨʦʣʠʟʦʤ ʚʨʰʠ ʘʢʪʠʚʘʮʠʿʘ ʦʚʦʛ ʣʝʢʘ (Dasari ʠ ʩʘʨ., 2022). ɸʧʣʠʢʘʮʠʿʘ ʮʠʩʧʣʘʪʠʥʝ ʩʝ 

ʩʧʨʦʚʦʜʠ ʠʥʪʨʘʚʝʥʩʢʠ, ʠʥʿʝʢʮʠʿʦʤ ʠʣʠ ʧʫʪʝʤ ʠʥʬʫʟʠʦʥʦʛ ʨʘʩʪʚʦʨʘ. ʋʥʫʪʘʨ ʮʠʨʢʫʣʘʮʠʿʝ 

ʮʠʩʧʣʘʪʠʥʘ ʩʝ ʚʝʟʫʿʝ ʟʘ ʩʝʨʫʤʩʢʝ ʧʨʦʪʝʠʥʝ, ʫʛʣʘʚʥʦʤ ʭʫʤʘʥʠ ʘʣʙʫʤʠʥ, ʯʠʤʝ ʩʝ ʚʨʰʠ 

ʜʝʘʢʪʠʚʘʮʠʿʘ ʚʝʣʠʢʦʛ ʧʨʦʮʝʥʪʘ ʫʥʝʪʦʛ ʣʝʢʘ. ʉʪʨʫʢʪʫʨʥʦ ʥʝʠʟʤʝˁʝʥʠ ʤʦʣʝʢʫʣʠ ʮʠʩʧʣʘʪʠʥʝ 

ʜʦʣʘʟʝ ʜʦ ʮʠˀʘʥʝ ˂ʝʣʠʿʝ ʠ ʫ ˁʫ ʩʝ ʫʥʦʩʝ ʧʘʩʠʚʥʦʤ ʜʠʬʫʟʠʿʦʤ ʠʣʠ ʫʟ ʧʦʤʦ˂ ATP-ʟʘʚʠʩʥʦʛ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʙʘʢʨʘ (ʝʥʛʣ. high affinity copper transporter 1 - hCTR1) ʠ ʙʘʟʦʣʘʪʝʨʘʣʥʦʛ 

ʪʨʘʥʩʧʦʨʪʝʨʘ ʦʨʛʘʥʩʢʠʭ ʢʘʪʿʦʥʘ (ʝʥʛʣ. organic cation transporter 2 - OCT2) (Oun ʠ ʩʘʨ. 2018; 

Amador-Martínez ʠ ʩʘʨ., 2021; Hussain ʠ ʩʘʨ., 2021). ʇʦ ʫʣʘʩʢʫ ʫ ˂ʝʣʠʿʫ, ʫʩʣʝʜ ʥʠʩʢʝ 

ʢʦʥʮʝʥʪʨʘʮʠʿʝ ʭʣʦʨʠʜʥʠʭ ʿʦʥʘ ʫ ʠʥʪʨʘʮʝʣʫʣʘʨʥʦʿ ʪʝʯʥʦʩʪʠ, ʜʦʣʘʟʠ ʜʦ ʭʠʜʨʦʣʠʟʝ 

ʮʠʩʧʣʘʪʠʥʝ, ʦʜʥʦʩʥʦ ʩʫʧʩʪʠʪʫʮʠʿʝ ʭʣʦʨʠʜʥʠʭ ʿʦʥʘ ʤʦʣʝʢʫʣʠʤʘ ʚʦʜʝ, ʧʨʠ ʯʝʤʫ ʥʘʩʪʘʿʫ 

ʝʣʝʢʪʨʦʬʠʣʥʠ ʤʦʥʦʘʢʚʘ [PtCl(NH3)2(H2O)]+ ʠ ʜʠʘʢʚʘ [Pt (NH3)2(H2O)2]
2+ ʢʦʤʧʣʝʢʩʠ. ʆʚʠ 

ʚʠʩʦʢʦ ʨʝʘʢʪʠʚʥʠ ʤʦʣʝʢʫʣʠ ʠʤʘʿʫ ʘʬʠʥʠʪʝʪ ʧʨʝʤʘ ʪʠʦʣʥʠʤ ʧʨʦʪʝʠʥʠʤʘ, ʠ ʧʨʝʤʘ 

ʥʫʢʣʝʠʥʩʢʠʤ ʢʠʩʝʣʠʥʘʤʘ ʢʘʦ ʜʦʥʦʨʠʤʘ ʘʟʦʪʥʠʭ ʿʦʥʘ. ʇʨʠʣʠʢʦʤ ʠʥʪʝʨʘʢʮʠʿʝ ʩʘ ʧʨʦʪʝʠʥʠʤʘ 

ʢʦʿʠ ʩʘʜʨʞʝ ʩʫʣʬʭʠʜʨʠʣʥʝ ʛʨʫʧʝ, ʧʨʝʚʘʩʭʦʜʥʦ ʩʘ ʛʣʫʪʘʪʠʦʥʦʤ, ʘʣʠ ʠ ʩʘ ʤʝʪʘʣʦʪʠʦʥʝʠʥʠʤʘ, 

ʤʝʪʠʦʥʠʥʦʤ ʠ ʧʨʦʪʝʠʥʠʤʘ ʢʦʿʠ ʩʘʜʨʞʝ ʮʠʩʪʝʠʥ, ʜʦʣʘʟʠ ʜʦ ʠʥʘʢʪʠʚʘʮʠʿʝ ʮʠʩʧʣʘʪʠʥʝ ʯʠʤʝ 

ʩʝ ʣʠʤʠʪʠʨʘ ˁʝʥʘ ʙʠʦʠʩʢʦʨʠʩʪʠʚʦʩʪ. ʀʥʪʝʨʘʢʮʠʿʘ ʩʘ ʪʠʦʣʥʠʤ ʧʨʦʪʝʠʥʠʤʘ ʿʝ ʦʩʥʦʚ ʨʘʟʚʦʿʘ 

ʨʝʟʠʩʪʝʥʮʠʿʝ ˂ʝʣʠʿʘ ʥʘ ʦʚʫ ʚʨʩʪʫ ʘʥʪʠʪʫʤʦʨʩʢʠʭ ʣʝʢʦʚʘ (Ghosh, 2019; Raudenska ʠ ʩʘʨ., 

2019). ɼʦʜʘʪʥʦ, ʢʘʦ ʧʨʦʠʟʚʦʜ ʦʚʠʭ ʨʝʘʢʮʠʿʘ ʥʘʩʪʘʿʫ ʚʠʩʦʢʦ ʨʝʘʢʪʠʚʥʠ ʘʜʫʢʪʠ ʢʦʿʠ ʫʢʦʣʠʢʦ 

ʩʝ ʥʝ ʝʣʠʤʠʥʠʰʫ ʠʟ ˂ʝʣʠʿʝ ʤʦʛʫ ʜʘ ʠʥʜʫʢʫʿʫ ʜʘˀʘ ʦʢʩʠʜʘʪʠʚʥʘ ʦʰʪʝ˂ʝˁʘ ʙʠʦʤʦʣʝʢʫʣʘ 

ʜʦʧʨʠʥʦʩʝ˂ʠ ʮʠʪʦʪʦʢʩʠʯʥʠʤ ʝʬʝʢʪʠʤʘ ʮʠʩʧʣʘʪʠʥʝ. ɽʬʣʫʢʩ Pt-GSH ʘʜʫʢʪʘ ʠʟ ˂ʝʣʠʿʝ ʚʨʰʠ 

ʩʝ ʧʫʪʝʤ ATP ʟʘʚʠʩʥʠʭ ʪʨʘʥʩʧʦʨʪʝʨʘ ʙʘʢʨʘ ʦʟʥʘʯʝʥʠʭ ʢʘʦ ATP7A, ATP7B ʠ MRP2. 

ʇʦʚʝ˂ʘʥʘ ʝʢʩʧʨʝʩʠʿʘ ʦʚʠʭ ATP-ʘʟʘ ʫ ʪʫʤʦʨʩʢʠʤ ˂ʝʣʠʿʘʤʘ ʪʘʢʦʹʝ ʜʦʧʨʠʥʦʩʠ ʨʘʟʚʦʿʫ 

ʨʝʟʠʩʪʝʥʮʠʿʝ ʥʘ ʪʝʨʘʧʠʿʫ ʮʠʩʧʣʘʪʠʥʦʤ (Hussain ʠ ʩʘʨ., 2021).  
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ʉʣʠʢʘ 9. ʄʝʭʘʥʠʟʘʤ ʥʘʩʪʘʥʢʘ Pt-ɼʅʂ ʘʜʫʢʪʘ (ʤʦʜʠʬʠʢʦʚʘʥʦ ʠʟ Johnstone ʠ ʩʘʨ., 2016) 

 

ʋʩʣʝʜ ʘʥʪʠʦʢʩʠʜʘʪʠʚʥʦʛ ʢʘʧʘʮʠʪʝʪʘ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ, ʩʘʤʦ 1 ʜʦ 10% ʦʜ ʫʢʫʧʥʝ 

ʧʨʠʤʝˁʝʥʝ ʜʦʟʝ ʮʠʩʧʣʘʪʠʥʝ ʜʦʣʘʟʠ ʜʦ ʮʠˀʘʥʦʛ ˂ʝʣʠʿʩʢʦʛ ʢʦʤʧʘʨʪʤʘʥʘ, ʿʝʜʨʘ ˂ʝʣʠʿʝ 

(Raudenska ʠ ʩʘʨ., 2019). ʋʥʫʪʘʨ ʿʝʜʨʘ, ʭʠʜʨʦʣʠʟʦʚʘʥʘ ʮʠʩʧʣʘʪʠʥʘ ʩʝ ʫʩʣʝʜ ʚʠʩʦʢʦʛ 

ʘʬʠʥʠʪʝʪʘ ʧʨʝʤʘ ʘʪʦʤʠʤʘ ʘʟʦʪʘ ʢʦʚʘʣʝʥʪʥʦ ʚʝʟʫʿʝ ʟʘ ʧʫʨʠʥʩʢʝ ʙʘʟʝ ɼʅʂ ʤʦʣʝʢʫʣʘ, 

ʧʨʝʚʘʩʭʦʜʥʦ ʟʘ ʠʤʠʜʘʟʦʣ ʛʫʘʥʠʥʘ ʥʘ ʧʦʟʠʮʠʿʠ N7, ʧʨʠʤʘʨʥʦ ʬʦʨʤʠʨʘʿʫ˂ʠ ʤʦʥʦPt-ɼʅʂ 

ʘʜʫʢʪʝ. ʅʘʢʦʥ ʪʦʛʘ, ʦʚʘʿ ʘʜʫʢʪ ʩʝ ʚʝʟʫʿʝ ʟʘ N7 ʘʪʦʤ ʩʫʩʝʜʥʦʛ ʛʫʘʥʠʥʘ ʠ ʬʦʨʤʠʨʘ 1,2-

ʠʥʪʨʘʣʘʥʯʘʥʝ ʘʜʫʢʪʝ. ʌʦʨʤʠʨʘʥʠ Pt-ɼʅʂ ʘʜʫʢʪʠ ʫʟʨʦʢʫʿʫ ʜʠʩʪʦʨʟʠʿʝ ɼʅʂ ʤʦʣʝʢʫʣʘ ʢʦʿʝ 

ʧʦʜʨʘʟʫʤʝʚʘʿʫ ʩʘʚʠʿʘˁʝ ʠ ʦʜʤʦʪʘʚʘˁʝ ʭʝʣʠʢʩʘ, ʢʘʦ ʠ ʣʦʢʘʣʥʫ ʜʝʥʘʪʫʨʘʮʠʿʫ ʣʘʥʮʘ, 

ʦʥʝʤʦʛʫ˂ʘʚʘʿʫ˂ʠ ʪʨʘʥʩʢʨʠʧʮʠʿʫ ʠ ʨʝʧʣʠʢʘʮʠʿʫ ʠ ʩʣʝʜʩʪʚʝʥʦ ʜʦʧʨʠʥʦʩʝ˂ʠ ʠʥʜʫʢʮʠʿʠ 

ʩʧʦˀʘʰˁʝʛ ʠ ʫʥʫʪʨʘʰˁʝʛ ʘʧʦʧʪʦʪʩʢʦʛ ʧʫʪʘ (Amador-Martínez ʠ ʩʘʨ., 2021; Dasari ʠ ʩʘʨ., 

2022). ʄʝʹʫʪʠʤ, ʚʠʩʦʢ ʩʪʝʧʝʥ ʝʬʠʢʘʩʥʦʩʪʠ ʘʥʪʠʪʫʤʦʨʩʢʝ ʪʝʨʘʧʠʿʝ ʮʠʩʧʣʘʪʠʥʦʤ ʥʠʿʝ 

ʧʦʚʝʟʘʥ ʩʘʤʦ ʩʘ ˁʝʥʦʤ ʩʧʦʩʦʙʥʦʰ˂ʫ ʠʥʜʫʢʮʠʿʝ ʦʰʪʝ˂ʝˁʘ ʥʫʢʣʝʘʨʥʝ ɼʅʂ. ʃʠʪʝʨʘʪʫʨʥʠ 

ʧʦʜʘʮʠ ʫʢʘʟʫʿʫ ʥʘ ʟʥʘʯʘʿʘʥ ʥʠʚʦ ʧʨʦʜʫʢʮʠʿʝ ROS-ʘ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ ʪʫʤʦʨʩʢʠʭ ˂ʝʣʠʿʘ 

ʥʘʢʦʥ ʪʨʝʪʤʘʥʘ ʮʠʩʧʣʘʪʠʥʦʤ ʰʪʦ ʜʦʧʨʠʥʦʩʠ ʠʥʪʝʟʠʚʠʨʘˁʫ ʮʠʪʦʪʦʢʩʠʯʥʦʛ ʝʬʝʢʪʘ ʦʚʦʛ 

ʣʝʢʘ. ʋʥʫʪʘʨ ˂ʝʣʠʿʝ, ʮʠʩʧʣʘʪʠʥʘ ʩʝ ʫ ʚʝ˂ʝʤ ʧʨʦʮʝʥʪʫ ʫ ʦʜʥʦʩʫ ʥʘ ʜʨʫʛʝ ˂ʝʣʠʿʩʢʝ 

ʢʦʤʧʘʨʪʤʘʥʝ ʘʢʫʤʫʣʠʨʘ ʫ ʤʠʪʦʭʦʥʜʨʠʿʘʤʘ, ʛʜʝ ʠʥʜʫʢʫʿʝ ʦʰʪʝ˂ʝˁʘ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʝ ɼʅʂ. 

ʄʘˁʠ ʤʠʪʦʭʦʥʜʨʠʿʘʣʥʠ ʢʘʧʘʮʠʪʝʪ ʝʥʟʠʤʘ ʟʘ ʨʝʧʘʨʘʮʠʿʫ ɼʅʂ ʦʤʦʛʫ˂ʘʚʘ ʘʢʫʤʫʣʘʮʠʿʫ 

ʬʦʨʤʠʨʘʥʠʭ ʘʜʫʢʪʘ ʫ ʦʚʠʤ ʦʨʛʘʥʝʣʘʤʘ. ɸʢʫʤʫʣʠʨʘʥʠ ʘʜʫʢʪʠ ʠʥʜʫʢʫʿʫ ʧʦʨʝʤʝ˂ʘʿ ʝʣʝʢʪʨʦʥ 

ʪʨʘʥʩʧʦʨʪʥʦʛ ʩʠʩʪʝʤʘ ʠ ʘʢʪʠʚʘʮʠʿʫ NOX, ʬʘʚʦʨʠʟʫʿʫ˂ʠ ʧʨʦʧʘʛʘʮʠʿʫ ʦʢʩʠʜʘʪʠʚʥʠʭ 

ʦʰʪʝ˂ʝˁʘ ʠ ʧʦʩʣʝʜʠʯʥʫ ʥʝʬʫʥʢʮʠʦʥʘʣʥʦʩʪ ʤʠʪʦʭʦʥʜʨʠʿʘ. ʈʝʘʢʪʠʚʥʝ ʚʨʩʪʝ ʜʘˀʝ ʤʦʛʫ 

ʧʨʦʫʟʨʦʢʦʚʘʪʠ ʦʰʪʝ˂ʝˁʘ ʝʥʜʦʧʣʘʟʤʘʪʠʯʥʦʛ ʨʝʪʠʢʫʣʫʤʘ ʫ ʢʦʤʝ ʩʝ ʩʪʠʤʫʣʠʰʝ ʜʦʜʘʪʥʦ 

ʛʝʥʝʨʠʩʘˁʝ ROS-ʘ. ʍʠʧʝʨʧʨʦʜʫʢʮʠʿʘ ʨʝʘʢʪʠʚʥʠʭ ʚʨʩʪʘ ʤʦʞʝ ʫʟʨʦʢʦʚʘʪʠ ʘʢʪʠʚʘʮʠʿʫ 

ʢʘʩʧʘʟʘ ʠ ʬʘʚʦʨʠʟʦʚʘʪʠ ʧʝʨʦʢʩʠʜʘʮʠʿʫ ʣʠʧʠʜʘ ʚʦʜʝ˂ʠ ʜʦ ʦʰʪʝ˂ʝˁʘ ʦʩʪʘʣʠʭ ˂ʝʣʠʿʩʢʠʭ 

ʙʠʦʤʦʣʝʢʫʣʘ ʠ ʩʣʝʜʩʪʚʝʥʦ ʜʦ ʠʥʜʫʢʮʠʿʝ ʘʧʦʧʪʦʟʝ (Ghosh, 2019; Raudenska ʠ ʩʘʨ., 2019; 

Amador-Martínez ʠ ʩʘʨ., 2021).  

 

 

 
 


