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ʈʝʟʶʤʝ: ʎʝʣʴʶ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʳ ʷʚʠʣʦʩʴ ʠʟʫʯʝʥʠʝ ʚʣʠʷʥʠ ̫ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʣʫ-

ʪʘʪʠʦʥʘ, ʘʢʪʠʚʥʦʩʪʴ ɼʅʂ-ʨʝʧʘʨʠʨʫʶʱʠʭ  ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʠ Yap1 ï ʟʘʚʠʩʠʤʳʭ ʨʝʜʦʢʩ-

ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʫʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʡ ʢʣʝʪʦʯʥʦʡ ʤʦʜʝʣʠ Saccharomyces cerevisiae. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ, ʯʪʦ ʜʦʢʩʦʨʫʙʠʮʠʥ ʚʳʟʳʚʘʝʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ GSH ʚ ʢʣʝʪʢʘʭ S. 

ʩerevisiae, ʫʚʝʣʠʯʝʥʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʡ  ʢʦʥʮʝʥʪʨʘʮʠʠ  GSSG ʠ ʦʙʱʝʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʣʫʪʘʪʠʦʥʘ ʚ ʢʣʝʪʢʝ 

(GSH+GSSG), ʥʦ ʚʤʝʩʪʝ ʩ ʵʪʠʤ ʚʳʟʳʚʘʝʪ ʩʥʠʞʝʥʠʝ ʦʪʥʦʰʝʥʠʷ GSH/GSSG. ʕʪʠ ʵʬʬʝʢʪʳ ʜʦʢʩʦʨʫʙʠʮʠʥʘ 

ʥʘ ʛʣʫʪʘʪʠʦʥʦʚʳʡ ʤʝʪʘʙʦʣʠʟʤ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ ʯʘʩʪʠʯʥʦ,  ʦʧʦʩʨʝʜʫʶʪʩʷ ʯʝʨʝʟ ɼʅʂ-ʨʝʧʘʨʠʨʫʶʱʠʝ ʤʝ-
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Abstract:  The aim of this study was to investigate the effect of doxorubicin upon the glutathione concentra-

tion, DNA-repairing and metabolic tracts and Yap1 depended upon redox-sensitive tracts activation by using 

eukaryotic cell model Saccharomyces cerevisiae. The results show that doxorubicin increases the production of 

GSH and GSSG, but at the same time provokes the reduction GSH/GSSG ratio in Saccharomyces cerevisiae 

cells. DOX really effects on GSH metabolism, at least partially, due to activation of DNA-repair mechanisms. 
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ɼʦʢʩʦʨʫʙʠʮʠʥ (ɼʆʂ) ʷʚʣʷʝʪʩʷ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʤ ʘʥʪʨʘʮʠʢʣʠʥʦʚʳʤ ʘʥʪʠʙʠʦʪʠʢʦʤ. ʂ ʩʦʞʘʣʝ-

ʥʠʶ, ʧʨʝʧʘʨʘʪ ʦʙʣʘʜʘʝʪ ʢʘʨʜʠʦ- ʠ ʥʝʬʨʦʪʦʢʩʠʯʥʦʩʪʴʶ, ʧʨʠ ʵʪʦʤ ʤʝʭʘʥʠʟʤʳ ʪʦʢʩʠʯʥʦʩʪʠ ʦʩʪʘʶʪʩʷ ʥʝ-

ʚʳʩʥʝʥʥʳʤʠ. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʠʥʜʫʢʮʠʠ ʧʨʝʧʘʨʘʪʦʤ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ, ʘ ʪʘʢʞʝ ʚʣʠ̫ʥʠʝ 

ɼʆʂ ʥʘ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡ ʛʦʤʝʦʩʪʘʟ ʞʝʣʝʟʘ [1].  

ʋʜʦʙʥʦʡ  ʤʦʜʝʣʴʶ ʜʣʷ ʠʟʫʯʝʥʠʷ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʭ ʩʠʛʥʘʣʴʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʷʚʣʷʶʪʩʷ ʦʜʥʦʢʣʝʪʦʯʥʳʝ 

ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʝ ʦʨʛʘʥʠʟʤʳ ï Saccharomyces cerevisiae. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʤʥʦʛʠʝ ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʝ 

ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ, ʛʝʥʝʪʠʯʝʩʢʠʝ ʠ ʩʠʛʥʘʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ ʚ ʦʙʱʠʭ ʯʝʨʪʘʭ ʩʭʦʞʠ ʫ ʙʦʣʴʰʠʥʩʪʚʘ ʵʫʢʘʨʠʦ-

ʪʠʯʝʩʢʠʭ ʢʣʝʪʦʢ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ.  ʂʨʦʤʝ ʵʪʦʛʦ, ʜʨʦʞʞʠ ʫʞʝ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʜʣʷ ʠʟʫʯʝʥʠʷ ʪʦʢ-

ʩʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʘʥʪʨʘʮʠʢʣʠʥʦʚʳʭ ʘʥʪʠʙʠʦʪʠʢʦʚ [2]. 

ʆʜʥʠʤ ʠʟ ʦʩʥʦʚʥʳʭ ʤʝʭʘʥʠʟʤʦʚ ʜʝʡʩʪʚʠʷ ɼʆʂ ʷʚʣʷʝʪʩʷ ɼʅʂ-ʧʦʚʨʝʞʜʘʶʱʝʝ ʜʝʡʩʪʚʠʝ. ɺ ʨʝʟʫʣʴʪʘʪʝ 

ʧʦʚʨʝʞʜʝʥʠʷ ɼʅʂ ʟʘʧʫʩʢʘʝʪʩʷ ʢʘʩʢʘʜ ʩʦʙʳʪʠʡ, ʦʙʫʩʣʦʚʣʝʥʥʳʡ ʘʢʪʠʚʘʮʠʝʡ ɼʅʂ-ʨʝʧʘʨʠʨʫʶʱʠʭ ʤʝʪʘʙʦ-

ʣʠʯʝʩʢʠʭ ʧʫʪʝʡ, ʧʨʠ ʵʪʦʤ ʤʝʭʘʥʠʟʤ rʟʘʱʠʪ rʦʪ ɼʅʂ-ʧʦʚʨʝʞʜʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ɼʆʂ ʠʟʫʯʝʥʳ ʥʝʜʦʩʪʘ-

ʪʦʯʥʦ[3].  ʇʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ɼʆʂ ʘʢʪʠʚʠʨʫʪʁʩʷ ʛʝʥ rʨʠʙʦʥʫʢʣʝʦʪʠʜʨʝʜʫʢʪʘʟʳ (RNR) ʢʦʜʠʨʫʶʱʠʝ ʦʜʥʦ-

ʠʤʝʥʥʳʡ ʬʝʨʤʝʥʪ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʪʨʸʭ ʩʫʙʲʝʜʠʥʠʮ, ʘʢʪʠʚʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʢʦʨʨʝʣʠʨʫʝʪ ʩ ʢʦʥʮʝʥʪʨʘʮʠʝʡ 

GSH, ʯʪʦ ʢʦʩʚʝʥʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʚ ʧʦʣʴʟʫ ʪʦʛʦ, ʯʪʦ ʧʨʠʯʠʥʦʡ ʨʦʩʪʘ ʢʦʥʮʝʥʪʨʘʮʠʠ GSH, ʚ ʨʷʜʝ ʩʣʫʯʘ-

ʝʚ, ʤʦʞʝʪ ʙʳʪʴ ʫʚʝʣʠʯʝʥʠʝ ʵʢʩʧʨʝʩʩʠʠ ʛʝʥʦʚ ʨʠʙʦʥʫʢʣʝʦʪʠʜʨʝʜʫʢʪʘʟʳ [4].  

ɼʣʷ ʫʚʝʣʠʯʝʥʠʷ ʩʠʥʪʝʟʘ GSH ʥʝʦʙʭʦʜʠʤʳ ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʮʠʩʪʝʠʥʘ, ʥʘʯʘʣʴʥʳʤ ʠ ʢʣʶ-

ʯʝʚʳʤ ʵʪʘʧʦʤ ʩʠʥʪʝʟʘ ʢʦʪʦʨʦʛʦ ʷʚʣʷʝʪʩʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʝ ʩʫʣʴʬʘʪʘ ʜʦ ʩʫʣʴʬʠʪʘ, ʢʘʪʘʣʠʟʠʨʫʝʤʦʝ 3-

ʬʘʩʬʦʘʜʝʥʠʣʩʫʣʴʬʘʪʨʝʜʫʢʪʘʟʦʡ.  ɺ ʢʘʯʝʩʪʚʝ ʜʦʥʦʨʘ ʚʦʜʦʨʦʜʘ, ʚ ʵʪʦʡ ʨʝʘʢʮʠʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʪʠʦʨʝʜʦʢʩʠʥ. 

ʌʝʨʤʝʥʪʳ ʛʣʫʪʘʨʝʜʦʢʩʠʥ ʠ ʪʠʦʨʝʜʦʢʩʠʥ ʷʚʣʷʶʪʩʷ, ʪʘʢʞʝ, ʜʦʥʦʨʘʤʠ ʚʦʜʦʨʦʜʘ ʚ ʨʝʘʢʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ 

ʨʠʙʦʟʳ ʜʦ ʜʝʟʦʢʩʠʨʠʙʦʟʳ, ʢʦʪʦʨʘʷ ʢʘʪʘʣʠʟʠʨʫʝʪʩʷ  ʨʠʙʦʥʫʢʣʝʦʪʠʜʨʝʜʫʢʪʘʟʦʡ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʚ ʢʣʝʪʢʘʭ 

ʩʫʱʝʩʪʚʫʝʪ ʩʚʷʟʴ ʤʝʞʜʫ ʢʦʥʮʝʥʪʨʘʮʠʝʡ GSH, ʘʢʪʠʚʥʦʩʪʴʶ ʬʝʨʤʝʥʪʘ ʨʠʙʦʥʫʢʣʝʦʪʠʜʨʝʜʫʢʪʘʟʳ ʠ ʘʢʪʠʚ-

ʥʦʩʪʴʶ ʪʠʦʨʝʜʦʢʩʠʥʘ [5].  

ɻʝʥʳ ʪʠʦʨʝʜʦʢʩʠʥʘ ʠ ʛʣʫʪʘʨʝʜʦʢʩʠʥʘ ʫ  Saccharomyces cerevisiae ʥʘʭʦʜʷʪʩʷ ʧʦʜ ʢʦʥʪʨʦʣʝʤ ʨʝʜʦʢʩ- 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʬʘʢʪʦʨʘ ʪʨʘʥʩʢʨʠʧʮʠʠ Yap1 ʠ ʦʙʳʯʥʦ ʘʢʪʠʚʠʨʫʪʁʩʷ ʚ ʦʪʚʝʪ ʥʘ ʚʦʟʥʠʢʥʦʚʝʥʠʝ ʚʥʫʪʨʠ-

ʢʣʝʪʦʯʥʦʛʦ ʦʢʩʠʜʘʪʠʚʥʦʛʦ ʩʪʨʝʩʩʘ [6]. Yap1 ʪʘʢʞʝ ʨʝʛʫʣʠʨʫʝʪ ʵʢʩʧʨʝʩʩʠʶ ʛʝʥʦʚ ʛʣʫʪʘʪʠʦʥʨʝʜʫʢʪʘʟr, 
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ʛʣʫʪʘʪʠʦʥ ʧʝʨʦʢʩʠʜʘʟʳ ʠ ʛʘʤʤʘ-ʛʤʫʪʘʤʠʣʮʠʩʪʝʠʥ ʩʠʥʪʝʪʘʟʳ, ʢʦʪʦʨʳʡ ʷʚʣʷʝʪʩʷ ʢʣʶʯʝʚʳʤ ʬʝʨʤʝʥʪʦʤ 

ʩʠʥʪʝʟʘ ʛʣʫʪʘʪʠʦʥʘ [6].  

ʀʩʭʦʜʷ ʠʟ ʚʳʰʝʠʟʣʦʞʝʥʥʦʛʦ ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʜʦʢʩʦʨʫʙʠʮʠʥ ʤʦʞʝʪ ʚʳʟʳʚʘʪʴ ʫʚʝʣʠʯʝʥʠʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʦʛʦ ʩʦʜʝʨʞʘʥʠʷ ʛʣʫʪʘʪʠʦʥʘ. ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ;  ʚʦ-ʧʝʨʚʳʭ ʩʧʦʩʦʙʥʦʩʪʴ ʜʦʢ-

ʩʦʨʫʙʠʮʠʥʘ  ʘʢʪʠʚʠʨʦʚʘʪʴ ɼʅʂ-ʨʝʧʘʨʠʨʫʶʱʠʝ  ʤʝʪʘʙʦʣʠʯʝʩʢʠʝ ʧʫʪʠ, ʘ ʚʦ-ʚʪʦʨʳʭ,  ʘʢʪʠʚʠʨʦʚʘʪʴ Yap1 ï 

ʟʘʚʠʩʠʤʳʝ ʨʝʜʦʢʩ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʝ ʤʝʭʘʥʠʟʤʳ.   

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʠʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ ʛʣʫʪʘʪʠʦʥʘ, ʘʢʪʠʚʥʦʩʪʴ ɼʅʂ-

ʨʝʧʘʨʠʨʫʶʱʠʭ  ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʧʫʪʝʡ ʠ Yap1 ï ʟʘʚʠʩʠʤʳʭ ʨʝʜʦʢʩ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʧʫʪʝʡ ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʵʫʢʘʨʠʦʪʠʯʝʩʢʦʡ ʢʣʝʪʦʯʥʦʡ ʤʦʜʝʣʠ Saccharomyces.cerevisiae. 
 

ʄʘʪʝʨʠʘʣʳ  ʠ  ʤʝʪʦʜʳ 
 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʰʪʘʤʤ YPH499 (M  ura3-52, lys2-801, ade2-101, trp1- 63, his3-

200, leu2- 1). ʇʣʘʟʤʠʜʘ pZZ2 (YCp, URA3, RNR3-LacZ), ʩʦʜʝʨʞʘʱʘ ̫ʧʨʦʤʦʪʦʨ ʛʝʥʘ ʨʠʙʦʥʫʢʣʝʦʪʠʜʨʝ-

ʜʫʢʪʘʟʳ-3, ʩʮʝʧʣʝʥʥʳʡ ʩ ʛʝʥʦʤ b-ʛʘʣʘʢʪʦʟʠʜʘʟʳ ʧʦʣʫʯʝʥʘ ʦʪ ʜ-ʨʘ ʉ. ʕʣʝʜʞʘ (ʎʝʥʪʨ ʛʝʥʦʤʠʢʠ ʠ ʧʨʦʪʝʦ-

ʤʠʢʠ, ɻʘʨʚʘʨʜʩʢʘʷ ʰʢʦʣʘ ʤʝʜʠʮʠʥʳ, ɹʦʩʪʦʥ, ʉʐɸ) [7]. ʇʣʘʟʤʠʜʘ pCLZ-314 (TRP1, YRE-CYC1-LacZ) 

ʩʦʜʝʨʞʘʱʘ ̫ Yap1-ʨʝʩʧʦʥʩʠʚʥʳʡ ʵʣʝʤʝʥʪ (YRE) ʛʝʥʘ ʪʠʦʨʝʜʦʢʩʠʥʘ  ʩʮʝʧʣʝʥʥʳʡ ʩ ʛʝʥʦʤ -

ʛʘʣʘʢʪʦʟʠʜʘʟʳ ʧʦʣʫʯʝʥʘ ʦʪ ʜ-ʨʘ ɺ. ʉʢʦʪʪʘ ʄʦʫ-ʈʦʡʣʠ (ʢʘʬʝʜʨʘ ʬʠʟʠʦʣʦʛʠʠ ʠ ʙʠʦʬʠʟʠʢʠ, ʫʥʠʚʝʨʩʠʪʝʪ 

ɸʡʦʚʳ, ɸʡʦʚʘ, ʉʐɸ) [8] 

ʀʥʢʫʙʘʮʠʶ ʢʣʝʪʦʢ ʩ ʨʘʟʣʠʯʥʳʤʠ ʢʦʥʮʝʥʪʨʘʮʠʷʤʠ ɼʆʂ ʧʨʦʚʦʜʠʣʠ ʚ ʪʝʯʝʥʠʠ 24 ʯʘʩʦʚ  ʧʨʠ ʪʝʤʧʝʨʘ-

ʪʫʨʝ 25
ʦ
 ʉ ʚ ʤʠʥʠʤʘʣʴʥʦʡ ʩʠʥʪʝʪʠʯʝʩʢʦʡ ʩʨʝʜʝ ʙʝʟ ʫʨʘʮʠʣʘ.   ʇʨʦʚʦʜʠʣʦʩʴ ʤʠʥʠʤʫʤ 5 ʦʧʳʪʦʚ ʩ ʦʜʥʦʡ ʠ 

ʪʦʡ ʞʝ ʢʦʥʮʝʥʪʨʘʮʠʝʡ ɼʆʂ. ʀʥʢʫʙʘʮʠʷ ʦʩʫʱʝʩʪʚʣʷʣʘʩʴ  ʥʘ ʢʘʯʘʣʢʝ (250 ʦʙ/ʤʠʥ)  ʚ ʢʨʫʛʣʦʜʦʥʥʳʭ ʢʦʣ-

ʙʘʭ ʦʙʲʸʤʦʤ 250 ʤʣ, ʦʙʲʸʤ ʩʨʝʜʳ ï 30 ʤʣ. ʅʘʯʘʣʴʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʢʣʝʪʦʢ ʚʦ ʚʩʝʭ ʦʧʳʪʘʭ ʙʳʣʘ ʦʜʠʥʘ-

ʢʦʚʦʡ ʠ ʩʦʩʪʘʚʣʷʣʘ OD600 = 0,3.  ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʪʝʧʝʥʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ  ʦʧʨʝʜʝʣʷʣʘʩʴ ʦʧʪʠ-

ʯʝʩʢʘʷ ʧʣʦʪʥʦʩʪʴ ʢʣʝʪʦʢ  ʧʨʠ 600 ʥʤ (OD600) [9].  

ʊʨʘʥʩʬʦʨʤʘʮʠʶ ʢʣʝʪʦʢ ʦʩʫʱʝʩʪʚʣʷʣʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʮʝʪʘʪʘ ʣʠʪʠʷ ʧʦ ʤʝʪʦʜʫ ʈ. ɻʝʡʪʮʘ [10]. 

ʆʧʨʝʜʝʣʝʥʠʝ ʘʢʪʠʚʥʦʩʪʠ -ʛʘʣʘʢʪʦʟʠʜʘʟʳ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦ-ʥʠʪʨʦ-

ʬʝʥʠʣʛʘʣʘʢʪʦʧʠʨʘʥʦʟʠʜʘ ʚ ʢʘʯʝʩʪʚʝ ʩʫʙʩʪʨʘʪʘ ʠ ʚʳʨʘʞʘʣʘʩʴ ʚ ʝʜʠʥʠʮʘʭ ʄʠʣʣʝʨʘ [11]. 

ʂʦʥʮʝʥʪʨʘʮʠʶ ʤʘʣʦʥʦʚʦʛʦ ʜʠʘʣʴʜʝʛʠʜʘ (ʄɼɸ) ʦʧʨʝʜʝʣʷʣʠ ʚ ʪʝʩʪʝ ʩ ʪʠʦʙʘʨʙʠʪʫʨʦʚʦʡ ʢʠʩʣʦʪʦʡ ʧʦ 

ʤʝʪʦʜʫ ɸʥʜʨʝʝʚʦʡ ʃ.ɹ. ʠ ʚʳʨʘʞʘʣʠ ʚ ʤʢʄ/ʤʛ ʩʫʭʦʡ ʢʣʝʪʦʯʥʦʡ ʤʘʩʩʳ [12].   

ɼʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʚʦʩʩʪʘʥʦʚʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ (GSH) ʠ ʦʢʠʩʣʝʥʥʦʛʦ ʛʣʫʪʘʪʠʦʥʘ 

(GSSG) ʢʣʝʪʢʠ ʦʪʤʳʚʘʣʠʩʴ ʦʪ ʩʨʝʜʳ ʠ ʩʫʩʧʝʥʟʠʨʦʚʘʣʠʩʴ ʚ ʨʘʚʥʦʤ ʦʙʲʸʤʝ 0,1 ʄ ʬʦʩʬʘʪʥʦʛʦ ʙʫʬʝʨʘ 

(ʨʅ=7,0).  ʂʣʝʪʦʯʥʘʷ ʩʫʩʧʝʥʟʠʷ ʣʠʟʠʨʦʚʘʣʘʩʴ ʧʨʠ ʥʘʛʨʝʚʘʥʠʠ 95 ï 100 ʉ
ʦ
 ʚʪʝʯʝʥʠʝ  90 ʩʝʢ., ʠ ʮʝʥʪʨʠʬʫ-

ʛʠʨʦʚʘʣʘʩʴ 3000 g. 5 ʤʠʥ., 0,5 ʦʙʲʸʤʘ ʧʦʣʫʯʝʥʥʦʛʦ ʣʠʟʘʪʘ ʙʨʘʣʦʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ GSH, ʚʪʦʨʘʷ ʯʘʩʪʴ 

ʦʩʪʘʚʣʷʣʘʩʴ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʩʫʤʤʘʨʥʦʛʦ ʟʥʘʯʝʥʠʷ  GSH + GSSG.  GSH ʦʧʨʝʜʝʣʷʣʩʷ  ʚ ʨʝʘʢʮʠʠ ʩ 5,5`-

ʜʠʪʠʦ-ʙʠʩ-ʥʠʪʨʦʙʝʥʟʦʡʥʦʡ ʢʠʩʣʦʪʦʡ . ʆʧʪʠʯʝʩʢʫʶ ʧʣʦʪʥʦʩʪʴ ʠʟʤʝʨʷʣʠ ʯʝʨʝʟ 15 ʤʠʥʫʪ ʧʨʠ ʜʣʠʥʝ ʚʦʣʥʳ 

412 ʥʤ . ʉʫʤʤʘʨʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ GSH + GSSG ʦʧʨʝʜʝʣʷʣʘʩʴ ʧʦʩʣʝ ʠʥʢʫʙʘʮʠʠ ʦʩʪʘʚʰʝʛʦʩʷ 0,5  ʦʙʲʸʤʘ 

ʣʠʟʘʪʘ  ʚ ʧʨʠʩʫʪʩʪʚʠʠ 1 U/ʤʣ ʛʣʫʪʘʪʠʦʥ ʨʝʜʫʢʪʘʟʳ ʠ 300 ʤʢʤ ʅɸɼʌʅ2 ʚ ʨʝʘʢʮʠʠ ʩ ɼʅʊɹ. ʇʝʨʝʜ ʜʦʙʘʚ-

ʣʝʥʠʝʤ ɼʅʊɹ ʠʟ ʨʘʩʪʚʦʨʘ ʫʜʘʣʷʣʘʩʴ ʛʣʫʪʘʪʠʦʥ ʨʝʜʫʢʪʘʟʘ ʧʫʪʸʤ ʦʩʘʞʜʝʥʠʷ ʪʨʠʭʣʦʨʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ.  

ʂʦʥʮʝʥʪʨʘʮʠʷ GSSG  ʥʘʭʦʜʠʣʘʩʴ ʢʘʢ ʨʘʟʥʠʮʘ ʤʝʞʜʫ ʩʫʤʤʘʨʥʦʡ ʢʦʥʮʝʥʪʨʘʮʠʝʡ GSH + GSSG ʠ ʢʦʥʮʝʥ-

ʪʨʘʮʠʝʡ GSH. ʂʦʣʠʯʝʩʪʚʦ GSH ʠ GSSG ʚʳʨʘʞʘʣʠ ʚ ʤʛ ʥʘ 10
7
 ʢʣʝʪʦʢ (OD600 = 1,0). 

ʈʝʟʫʣʴʪʘʪʳ ʦʙʨʘʙʦʪʘʥʳ ʩʪʘʪʠʩʪʠʯʝʩʢʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʢʨʠʪʝʨʠʷ t ʉʪʴʶʜʝʥʪʘ ʜʣʷ ʧʘʨʥʳʭ ʧʝʨʝʤʝʥ-

ʥʳʭ. ʄʥʦʞʝʩʪʚʝʥʥʫʶ ʨʝʛʨʝʩʩʠʶ ʨʘʩʩʯʠʪʳʚʘʣʠ  ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  ʤʝʪʦʜʘ ʥʘʠʤʝʥʴʰʠʭ ʢʚʘʜʨʘʪʦʚ. ʇʦʢʘ-

ʟʘʪʝʣʠ ʧʨʝʜʩʪʘʚʣʝʥʳ ʢʘʢ ʄÑSD. ʈʘʟʣʠʯʠʷ ʤʝʞʜʫ ʛʨʫʧʧʘʤʠ ʩʯʠʪʘʣʠ ʜʦʩʪʦʚʝʨʥʳʤʠ ʧʨʠ ʨ < 0,05. 
 

ʈʝʟʫʣʴʪʘʪʳ 
 

 ɺ ʪʘʙʣ. 1, ʧʨʝʜʩʪʘʚʣʝʥʳ ʧʦʢʘʟʘʪʝʣʠ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ ʠ ʚʳʞʠʚʘʝʤʦʩʪʠ ʧʨʠ ʨʘʟʣʠʯʥʳʭ 

ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʚ ʩʨʝʜʝ. ʂʘʢ ʚʠʜʥʦ ʠʟ ʪʘʙʣʠʮʳ ʜʦʢʩʦʨʫʙʠʮʠʥ ʚʳʟʳʚʘʣ ʟʘʚʠʩʠʤʦʝ ʦʪ ʢʦʥ-

ʮʝʥʪʨʘʮʠʠ ʩʥʠʞʝʥʠʝ ʪʝʤʧʦʚ ʢʣʝʪʦʯʥʦʡ ʧʨʦʣʠʬʝʨʘʮʠʠ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʮʠʪʦʩʪʘʪʠʯʝʩʢʦʤ ʵʬʬʝʢʪʝ 

ʜʦʢʩʦʨʫʙʠʮʠʥʘ ʚ ʦʪʥʦʰʝʥʠʠ ʜʨʦʞʞʝʚʳʭ ʢʣʝʪʦʢ. ʂʦʣʠʯʝʩʪʚʦ ʧʦʛʠʙʰʠʭ ʢʣʝʪʦʢ  ʟʘʚʠʩʝʣʦ ʦʪ ʢʦʥʮʝʥʪʨʘ-

ʮʠʠ ʜʦʢʩʦʨʫʙʠʮʠʥʘ. ʅʘʠʙʦʣʴʰʠʡ ʧʨʦʮʝʥʪ ʧʦʛʠʙʰʠʭ ʢʣʝʪʦʢ  ʙʳʣ ʦʪʤʝʯʝʥ ʧʨʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʆʂ 50 

ʤʢʄ ï 7,02%.  

ʀʟ ʪʘʙʣ. 1 ʚʠʜʥʦ, ʯʪʦ ʜʦʢʩʦʨʫʙʠʮʠʥ  ʚʳʟʳʚʘʣ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ  GSH ʥʘ 26-44%. ʆʜʥʦʚʨʝʤʝʥʥʦ ʩ 

ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ GSH, ʦʪʤʝʯʘʣʩʷ  ʜʦʩʪʦʚʝʨʥʳʡ ʨʦʩʪ ʢʦʥʮʝʥʪʨʘʮʠʠ GSSG ʥʘ 88-188%. ʆʪʥʦʰʝʥʠʝ 

GSH/GSSG ʩ ʨʦʩʪʦʤ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʆʂ ʩʥʠʞʘʣʦʩʴ. ʊʘʢ ʚ ʢʦʥʪʨʦʣʴʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ 

ʩʦʩʪʘʚʣʷʣ 5,61 Ñ 0,59, ʪʦʛʜʘ ʢʘʢ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ  ʩ 10, 20, 30, 40, 50 ʤʢʄ ɼʆʂ  ʦʪʥʦʰʝʥʠʝ GSH/GSSG 

ʩʦʩʪʘʚʣʷʣʦ 5,51Ñ0,46 (p<0,01); 3,76Ñ2,39 (p>0,05); 3,55Ñ0,63 (p<0,01) ʠ 3,08Ñ0,70 (ʨ<0,01), 2,65Ñ1,08 

(p>0,05); ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ɼʆʂ, ʥʝʩʤʦʪʨʷ ʥʘ ʨʦʩʪ  ʢʦʥʮʝʥ- 
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