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ɺɺɽɼɽʅʀɽ 

 

ɸʢʪʫʘʣʴʥʦʩʪʴ ʪʝʤʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ɺ ʪʝʯʝʥʠʝ 19-ʛʦ ʠ 20-ʛʦ ʚʝʢʘ ʙʳʣʦ ʩʦʟʜʘʥʦ ʠ ʜʦʧʫʱʝʥʦ ʜʦ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʦʟʦʣʦʛʠʷʤ. ʇʝʨʝʯʝʥʴ ʣʝʢʘʨʩʪʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ, ʥʘʩʯʠʪʳʚʘʝʪ ʪʳʩʷʯʠ ʥʘʠʤʝʥʦʚʘʥʠʡ. ʇʨʠ ʵʪʦʤ ʙʦʣʴʰʘʷ 

ʠʭ ʯʘʩʪʴ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʚʠʜʝ ʪʚʝʨʜʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʜʣʷ ʧʝʨʦʨʘʣʴʥʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ (www.rls.ru). ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩʪʘʥʦʚʠʪʩʷ 

ʦʯʝʥʴ ʜʦʨʦʛʠʤ ʧʨʦʮʝʩʩʦʤ, ʟʘʥʠʤʘʶʱʠʤ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ 

ʧʨʦʭʦʜʷʱʝʛʦ ʦʪ ʩʠʥʪʝʟʘ ʪʘʢʦʡ ʤʦʣʝʢʫʣʳ ʜʦ ʚʥʝʜʨʝʥʠʷ ʝʝ ʚ ʤʝʜʠʮʠʥʩʢʫʶ 

ʧʨʘʢʪʠʢʫ (DiMasi J. A. et al., 2003). ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ 

ʚʳʭʦʜʷʪ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʢʘʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʪʘʢ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ (Tiwari 

G., et al., 2012). ʆʩʥʦʚʥʦʡ ʮʝʣɹʁ ʪʘʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʃʉ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʥʦʛʠʝ ʃʉ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ ʚ 

ʚʦʜʝ, ʠʤʝʶʪ ʥʠʟʢʫʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʠʭ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ʊʘʢʠʝ ʃʉ 

ʦʪʥʦʩʷʪ ʢ 2 ʠʣʠ 4 ʢʣʘʩʩʫ, ʩʦʛʣʘʩʥʦ ɹʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ (Amidon 

G. L. et al., 1995). ʂʨʦʤʝ ʵʪʦʛʦ, ʪʝ ʭʠʤʠʯʝʩʢʠʝ ʚʝʱʝʩʪʚʘ, ʢʦʪʦʨʳʝ ʩʠʥʪʝʟʠʨʫʶʪʩʷ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʢʘʯʝʩʪʚʝ ʢʘʥʜʠʜʘʪʦʚ ʚ ʃʉ, ʷʚʣʷʶʪʩʷ ʚ ʧʦʜʘʚʣʷʶʱʝʤ ʩʣʫʯʘʝ 

ʣʠʧʦʬʠʣʴʥʳʤʠ ʠ ʵʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʠʭ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʧʨʠ 

ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ (Leuner C. et al., 2000; Pouton C. W. et al., 2006; Kawabata Y. 

et al., 2011). 

 

ʉʪʝʧʝʥʴ ʨʘʟʨʘʙʦʪʘʥʥʦʩʪʠ 

ʇʨʦʙʣʝʤʘ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳʭ ʚ 

ʚʦʜʝ ʃʉ ʠ ʚʥʦʚʴ ʩʠʥʪʝʟʠʨʫʝʤʳʭ ʤʦʣʝʢʫʣ-ʢʘʥʜʠʜʘʪʦʚ ʚ ʃʉ ʷʚʣʷʝʪʩʷ ʢʨʘʡʥʝ 

ʘʢʪʫʘʣʴʥʦʡ ʜʣʷ ʩʦʚʨʝʤʝʥʥʦʡ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʠ ʪʨʝʙʫʝʪ ʧʨʦʩʪʦʛʦ ʠ 
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ʵʬʬʝʢʪʠʚʥʦʛʦ ʨʝʰʝʥʠʷ. ɺ 1995 ʛʦʜʫ ʙʳʣʘ ʨʘʟʨʘʙʦʪʘʥʘ ʩʧʝʮʠʘʣʴʥʘʷ 

ɹʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʃʉ, ʦʪʨʘʞʘʶʱʘʷ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʯʝʨʝʟ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ (Amidon G. L. et al., 1995). 

ɺʝʝɦʩʪʚʘ, ʪʨʝʙʫʶʱʠʝ ʫʣʫʯʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ, ʦʪʥʦʩʷʪ ʢ 2 ʠ 4 ʢʣʘʩʩʘʤ.  

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʚ ʵʪʦʡ ʦʙʣʘʩʪʠ ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ-ʚʢʣʶʯʝʥʠʡ ʧʦ ʪʠʧʫ çʛʦʩʪʴ-

ʭʦʟʷʠʥè, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ çʭʦʟʷʠʥʘè ʚʳʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, ʩʧʦʩʦʙʥʳʝ ʢ 

ʦʙʨʘʟʦʚʘʥʠʶ ʣʠʧʦʬʠʣʴʥʳʭ ʧʦʣʦʩʪʝʡ, ʘ ʚ ʢʘʯʝʩʪʚʝ çʛʦʩʪʷè ʠʩʧʦʣʴʟʫʶʪ ʫʞʝ 

ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʤʦʣʝʢʫʣʳ. ʂʘʢ ʧʨʘʚʠʣʦ, ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʃʉ ʠ ʤʦʣʝʢʫʣʘʤʠ çʛʦʩʪʷè ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʘ ʣʠʰʴ ʚʦʜʦʨʦʜʥʳʝ 

ʠ ɺʘʥ-ʜʝʨ-ʚʘʣʴʩʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʘʷ ʩʣʘʙʘ̫  ʩʚʷʟʴ ʥʝ ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ 

ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʦʣʝʢʫʣʳ ʃʉ ʠʟ ʤʦʣʝʢʫʣʳ çʭʦʟʷʠʥʘè, ʪʝʤ 

ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʳʩʪʨʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩ ʧʦʩʣʝʜʫʶʱʝʡ 

ʘʙʩʦʨʙʮʠʝʡ ʃʉ. ɺ ʢʘʯʝʩʪʚʝ çʭʦʟʷʠʥʘè ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚʝʱʝʩʪʚʘ 

ʧʨʠʨʦʜʥʦʛʦ ʠ ʥʝ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: ʧʦʣʠʩʘʭʘʨʠʜʳ, ʧʦʣʠʤʝʨʳ, 

ʣʠʧʦʩʦʤʳ, ʥʘʥʦʩʬʝʨʳ, ʤʠʢʨʦʩʬʝʨʳ, ʤʠʮʝʣʣʳ (Arima H. et al., 2015; Gaucher G. et 

al., 2010). ɺʝʱʝʩʪʚʘ ʠʟ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʚʩʝʛʜʘ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʯʝʣʦʚʝʢʦʤ ʚ 

ʧʝʨʚʫʶ ʦʯʝʨʝʜʴ. ʉʚʠʜʝʪʝʣʴʩʪʚʦʤ ʵʪʦʤʫ ʷʚʣʷʝʪʩʷ ʪʦʪ ʬʘʢʪ, ʯʪʦ ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ʧʨʠʤʝʥʷʝʤʳʭ ʩʝʛʦʜʥʷ ʃʉ ʠʤʝʝʪ ʠʤʝʥʥʦ ʧʨʠʨʦʜʥʦʝ ʧʨʦʠʩʭʦʞʜʝʥʠʝ (Gordon M. et 

al., 2013). ʇʦʵʪʦʤʫ ʢ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ ʧʨʦʚʝʜʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʠʨʦʜʥʳʭ ʩʦʝʜʠʥʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚ 

ʜʦʩʪʘʚʢʠ ʃʉ, ʫʣʫʯʰʘʶʱʠʭ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. ʅʘʠʙʦʣʝʝ ʠʟʚʝʩʪʥʳʤʠ 

ʷʚʣʷʶʪʩʷ ʮʠʢʣʠʯʝʩʢʠʝ ʦʣʠʛʦʩʘʭʘʨʠʜʳ  ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ. ʅʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ 

ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʪʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʠʭ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ (Loftsson T. et al., 2010). ʇʦʣʠʩʘʭʘʨʠʜʳ ʪʘʢʞʝ ʘʢʪʠʚʥʦ ʠʟʫʯʘʶʪʩʷ, 

ʥʦ ʠʭ ʧʨʠʤʝʥʝʥʠʝ ʟʘʯʘʩʪʫʶ ʦʛʨʘʥʠʯʝʥʦ ʥʘʧʨʘʚʣʝʥʥʦʡ ʜʦʩʪʘʚʢʦʡ ʃʉ ʚ ʪʦʣʩʪʫʶ 

ʢʠʰʢʫ ʠʣʠ ʤʝʩʪʥʳʤ ʧʨʠʤʝʥʝʥʠʝʤ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʪʝʤ, ʯʪʦ ʥʘʠʙʦʣʝʝ ʯʘʩʪʦ 

ʠʩʧʦʣʴʟʫʝʤʳʝ ʧʦʣʠʩʘʭʘʨʠʜʳ ʧʫʣʣʫʣʘʥ, ʘʣʛɹʠʥʘʪʳ, ʛʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ, 

ʜʝʢʩʪʨʘʥʳ, ʧʝʢʪʠʥ, ʭʠʪʦʟʘʥ ʦʙʨʘʟʫʶʪ ʚʷʟʢʠʝ ʨʘʩʪʚʦʨʳ ʧʦʩʣʝ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʝ, 

ʯʪʦ ʟʘʜʝʨʞʠʚʘʝʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʃʉ ʠʟ ʠʭ ʤʘʪʨʠʮʳ. ʂʨʦʤʝ ʪʦʛʦ, ʚ ɾʂʊ ʵʪʠ 
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ʧʦʣʠʩʘʭʘʨʠʜʳ ʤʝʪʘʙʦʣʠʟʠʨʫʶʪʩʷ ʠ ʚʳʩʚʦʙʦʞʜʘʶʪ ʃʉ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚ 

ʪʦʣʩʪʦʡ ʢʠʰʢʝ (Sinh V. R. et al., 2001).   

ɸʨʘʙʠʥʦʛʘʣʘʢʪʘʥ ʷʚʣʷʝʪʩʷ ʧʦʣʠʩʘʭʘʨʠʜʦʤ, ʦʜʥʘʢʦ, ʚ ʦʪʣʠʯʠʝ ʦʪ ʫʞʝ 

ʧʨʠʤʝʥʷʝʤʳʭ ʚ ʬʘʨʤʘʮʝʚʪʠʢʝ, ʠʤʝʝʪ ʨʘʟʚʝʪʚʣʝʥʥʫʶ ʩʪʨʫʢʪʫʨʫ ʠ ʥʝ ʦʙʨʘʟʫʝʪ 

ʚʷʟʢʠʭ ʨʘʩʪʚʦʨʦʚ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003; Odonmazig P. et al., 1994). ʕʪʠ 

ʩʚʦʡʩʪʚʘ ʜʝʣʘʶʪ ʝʛʦ ʫʥʠʢʘʣʴʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʩʨʝʜʩʪʚʘ ʜʦʩʪʘʚʢʠ 

ʃʉ ʚ ɾʂʊ. ɼʣʷ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ɸɻ ʚ ʤʠʨʝ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ 

ʜʨʝʚʝʩʠʥʫ ʣʠʩʪʚʝʥʥʠʮ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʛʨʦʤʥʳʭ ʟʘʧʘʩʘʭ ʵʪʦʛʦ ʚʝʱʝʩʪʚʘ 

(ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). ʇʦʤʠʤʦ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʙʦʣʴʰʦʡ ʠʥʪʝʨʝʩ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʛʣʠʮʠʨʨʠʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʩʘʧʦʥʠʥʦʤ ʩ 

ʘʤʬʠʬʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʦʡ. ɽʝ ʠʩʪʦʯʥʠʢʦʤ ʷʚʣʷʝʪʩʷ ʢʦʨʝʥʴ ʩʦʣʦʜʢʠ Glycyrrhiza 

glabra L. ʠ Glycyrrhiza uralensis Fisch, ʰʠʨʦʢʦ ʧʨʦʠʟʨʘʩʪʘʶʱʠʭ ʚʦ ʤʥʦʛʠʭ ʩʪʨʘʥʘʭ 

ʤʠʨʘ. ʕʪʦ ʩʦʝʜʠʥʝʥʠʝ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʝʪʩʷ ʚ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʠ 

ʦʙʣʘʜʘʝʪ ʨʘʟʥʦʦʙʨʘʟʥʳʤʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ (ʊʦʣʩʪʠʢʦʚ ɻ. ɸ. ʠ 

ʜʨ., 2007). ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ɻʂ ʩʧʦʩʦʙʥʘ ʬʦʨʤʠʨʦʚʘʪʴ 

ʩʘʤʦʘʩʩʦʮʠʘʪʳ ï ʤʠʮʝʣʣʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (Dushkin A. V. et al., 2010; Dushkin 

A. V. et al., 2012). ʕʪʠ ʤʠʮʝʣʣʳ ʤʦʛʫʪ ʚʳʩʪʫʧʘʪʴ ʚ ʨʦʣʠ çʭʦʟʷʠʥʘè ʜʣʷ 

ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʠ ʜʦʩʪʘʚʢʠ ʚ ɾʂʊ ʣʠʧʦʬʠʣʴʥʳʭ ʤʦʣʝʢʫʣ ʃʉ (çʛʦʩʪʴè). 

ɺʘʞʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʩʦʚʨʝʤʝʥʥʳʭ ʧʦʜʭʦʜʦʚ ʢ ʧʦʣʫʯʝʥʠʶ ʢʦʤʧʣʝʢʩʦʚ ʪʠʧʘ 

çʛʦʩʪʴ-ʭʦʟʷʠʥè ʷʚʣʷʝʪʩʷ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʞʠʜʢʠʭ ʬʘʟ ï ʨʘʩʪʚʦʨʦʚ 

ʠʣʠ ʨʘʩʧʣʘʚʦʚ. ʕʪʦ ʤʦʞʝʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʫʭʫʜʰʝʥʠʶ ʩʪʘʙʠʣʴʥʦʩʪʠ ʤʦʣʝʢʫʣ 

çʛʦʩʪʷè, ʦʩʪʘʪʦʯʥʳʝ ʢʦʣʠʯʝʩʪʚʘ ʨʘʩʪʚʦʨʠʪʝʣʷ ʤʦʛʫʪ ʥʝʛʘʪʠʚʥʦ ʦʪʨʘʞʘʪɹʩʷ ʥʘ 

ʩʪʘʙʠʣʴʥʦʩʪʠ ʪʚʝʨʜʳʭ ʢʦʥʝʯʥʳʭ ʧʨʦʜʫʢʪʦʚ. ʂʨʦʤʝ ʵʪʦʛʦ, ʜʣʷ ʨʘʩʪʚʦʨʝʥʠʷ ʧʣʦʭʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʚʝʱʝʩʪʚ ʧʨʠʤʝʥʷʶʪ ʦʨʛʘʥʠʯʝʩʢʠʝ ʨʘʩʪʚʦʨʠʪʝʣʠ, ʯʪʦ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʟʘʛʨʷʟʥʝʥʠʶ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʳ. ʇʨʠʤʝʥʝʥʠʝ ʨʘʩʧʣʘʚʦʚ ʟʘʯʘʩʪʫʶ ʥʝʚʦʟʤʦʞʥʦ, 

ʪʘʢ ʢʘʢ ʤʥʦʛʠʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʚʝʱʝʩʪʚʘ ʪʝʨʤʠʯʝʩʢʠ ʥʝʩʪʘʙʠʣʴʥʳ. 

ɺ ʩʚʷʟʠ ʩ ʵʪʠʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʩʧʦʩʦʙʦʤ ʧʦʚʳʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʷʚʣʷʝʪʩʷ ʦʜʥʦʩʪʘʜʠʡʥʦʝ 

ʪʚʝʨʜʦʬʘʟʥʦʝ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʠʭ ʢʦʤʧʦʟʠʮʠʡ/ʪʚʝʨʜʳʭ ʜʠʩʧʝʨʩʠʡ, 
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ʢʦʪʦʨʳʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʦʙʨʘʟʫʶʪ  ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʝ ʢʦʤʧʣʝʢʩʳ-

ʚʢʣʶʯʝʥʠʷ. ʊʘʢʦʡ ʧʦʜʭʦʜ ʣʠʰʝʥ, ʦʧʠʩʘʥʥʳʭ ʚʳʰʝ, ʥʝʜʦʩʪʘʪʢʦʚ.  

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʦʝ ʧʦʣʫʯʝʥʠʝ ʪʚʝʨʜʳʭ ʜʠʩʧʝʨʩʠʡ ʃʉ ʩ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʦʤ ʠ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ 

ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʧʦʜʭʦʜʦʤ ʢ ʫʣʫʯʰʝʥʠʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʃʉ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʀʟʫʯʠʪʴ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ-

ʚʢʣʶʯʝʥʠʡ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʠ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʣʠʯʥʳʭ ʛʨʫʧʧ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ 2 ʢʣʘʩʩʫ 

ʙʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ ʠ ʦʮʝʥʠʪʴ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪ ɹʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʪʘʢʦʛʦ ʧʦʜʭʦʜʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʫʣʫʯʰʝʥʠʷ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʩʚʦʡʩʪʚ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ. 

 

ɿʘʜʘʯʠ ʠʩʩʣʝʜʦʚʘʥʠʷ 

1. ʇʨʦʚʝʩʪʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ 

ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʩ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ 

ʛʨʫʧʧ (ʦʪʥʦʩʷʱʠʭʩʷ ʢ 2 ʢʣʘʩʩʫ ʙʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʢʣʘʩʩʠʬʠʢʘʮʠʠ) ʧʨʠ 

ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ:  

¶ ʠʟʫʯʠʪʴ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʝ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ ʜʝʡʩʪʚʠʝ  

ʢʦʤʧʣʝʢʩʦʚ ʩ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʦʡ, ʥʘʧʨʦʢʩʝʥʦʤ, 

ʠʙʫʧʨʦʬʝʥʦʤ; ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʘʪʦʨʚʘʩʪʘʪʠʥʦʤ, ʩʠʤʚʘʩʪʘʪʠʥʦʤ; ʛʠʧʦʪʝʥʟʠʚʥʦʝ ʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʩ 

ʥʠʬʝʜʠʧʠʥʦʤ; ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʦʝ ʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʚʘʨʬʘʨʠʥʦʤ; 

ʧʨʦʪʠʚʦʦʧʠʩʪʘʨʭʦʟʥʦʝ ʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʘ ʩ ʘʣʴʙʝʥʜʘʟʦʣʦʤ.  

¶ ʠʟʫʯʠʪʴ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ (ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ) 

ʢʦʤʧʣʝʢʩʦʚ ʩ ʠʙʫʧʨʦʬʝʥʦʤ, ʘʪʦʨʚʘʩʪʘʪʠʥʦʤ, ʩʠʤʚʘʩʪʘʪʠʥʦʤ, 

ʥʠʬʝʜʠʧʠʥʦʤ, ʚʘʨʬʘʨʠʥʦʤ, ʧʨʘʟʠʢʚʘʥʪʝʣʦʤ.  
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¶ ʦʮʝʥʠʪʴ ʨʘʟʜʨʘʞʘʶʱʝʝ ʚʣʠʷʥʠʝ ʥʘ ʩʣʠʟʠʩʪʫʶ ʞʝʣʫʜʢʘ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʥʝʩʪʝʨʦʠʜʥʳʤʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ. 

2. ʇʨʦʚʝʩʪʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʜʠʥʘʪʨʠʝʚʦʡ 

ʩʦʣʠ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʥʳʭ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʦʪʥʦʩʷʱʠʭʩʷ ʢ 2 ʢʣʘʩʩʫ ʙʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ 

ʢʣʘʩʩʠʬʠʢʘʮʠʠ) ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ:  

¶ ʠʟʫʯʠʪʴ ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʦʝ ʜʝʡʩʪʚʠʝ ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʘʪʦʨʚʘʩʪʘʪʠʥʦʤ, ʩʠʤʚʘʩʪʘʪʠʥʦʤ; ʘʥʪʠʢʦʘʛʫʣʷʥʪʥʦʝ ʜʝʡʩʪʚʠʝ 

ʢʦʤʧʣʝʢʩʘ ʩ ʚʘʨʬʘʨʠʥʦʤ.  

¶ ʠʟʫʯʠʪʴ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʫ (ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ) ʢʦʤʧʣʝʢʩʦʚ ʩ 

ʘʪʦʨʚʘʩʪʘʪʠʥʦʤ, ʩʠʤʚʘʩʪʘʪʠʥʦʤ, ʧʨʘʟʠʢʚʘʥʪʝʣʦʤ. 

3. ʆʧʨʝʜʝʣʠʪʴ in vitro ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤ 

ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟ ʢʦʤʧʣʝʢʩʦʚ-ʚʢʣʶʯʝʥʠʡ ʩ 

ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʦʤ ʠ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

ʅʘʫʯʥʘʷ ʥʦʚʠʟʥʘ 

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʬʘʨʤʘʢʦʜʠʥʘʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʢʦʤʧʣʝʢʩʦʚ-

ʚʢʣʶʯʝʥʠʡ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʠ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ 

ʣʝʢʘʨʩʪʚʝʥʥʳʤʠ ʩʨʝʜʩʪʚʘʤʠ ʨʘʟʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ (ʥʝʩʪʝʨʦʠʜʥʳʝ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʝ ʩʨʝʜʩʪʚʘ: ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ, ʥʘʧʨʦʢʩʝʥ, 

ʠʙʫʧʨʦʬʝʥ; ʩʪʘʪʠʥʳ: ʘʪʦʨʚʘʩʪʘʪʠʥ, ʩʠʤʚʘʩʪʘʪʠʥ; ʛʠʧʦʪʝʥʟʠʚʥʦʝ ʩʨʝʜʩʪʚʦ: 

ʥʠʬʝʠʜʠʧʠʥ; ʘʥʪʠʢʦʘʛʫʣʷʥʪ: ʚʘʨʬʘʨʠʥ; ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʳʝ ʧʨʝʧʘʨʘʪʳ: 

ʘʣʴʙʝʥʜʘʟʦʣ, ʧʨʘʟʠʢʚʘʥʪʝʣ) ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ, ʧʦʣʫʯʝʥʥʳʭ 

ʦʜʥʦʩʪʘʜʠʡʥʳʤ ʤʝʭʘʥʦʭʠʤʠʯʝʩʢʠʤ ʩʠʥʪʝʟʦʤ. ɼʣʷ ʢʦʤʧʣʝʢʩʦʚ ʠʙʫʧʨʦʬʝʥʘ, 

ʘʪʦʨʚʘʩʪʘʪʠʥʘ, ʩʠʤʚʘʩʪʘʪʠʥʘ, ʥʠʬʝʜʠʧʠʥʘ, ʚʘʨʬʘʨʠʥʘ, ʧʨʘʟʠʢʚʘʥʪʝʣʘ ʩ 

ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʦʤ ʠ ʢʦʤʧʣʝʢʩʦʚ  ʘʪʦʨʚʘʩʪʘʪʠʥʘ, ʩʠʤʚʘʩʪʘʪʠʥʘ ʠ ʧʨʘʟʠʢʚʘʪʝʣʘ ʩ 

ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʦʡ ʚʧʝʨʚʳʝ ʠʟʫʯʝʥʳ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ. ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ 

ʵʪʠʤʠ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ ʧʦʚʳʰʘʝʪ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʃʉ, ʦʙʣʘʜʘʶʱʠʭ 

ʧʣʦʭʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ, ʦʪ 1,15 ʜʦ 5,2 ʨʘʟ. ʀʩʢʣʶʯʝʥʠʝʤ ʷʚʣʷʝʪʩʷ 
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ʚʘʨʬʘʨʠʥ, ʢʦʤʣʧʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʢʦʪʦʨʳʤ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʝʛʦ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʠ, ʥʦ ʩʥʠʞʘʝʪ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ. 

ɺʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʠ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ ʢʦʤʧʣʝʢʩʦʚ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʠ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ 

ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʦʜʥʠʤ ʠ ʪʝʤ ʞʝ ʣʝʢʘʨʩʪʚʝʥʥʳʤ ʩʨʝʜʩʪʚʦʤ. ɼʣʷ 

ʩʪʘʪʠʥʦʚ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʠ ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʠʡ ʵʬʬʝʢʪ 

ʢʘʢ ʩʠʤʚʘʩʪʘʪʠʥʘ, ʪʘʢ ʠ ʘʪʦʨʚʘʩʪʠʥʘ ʚʳʰʝ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʚʘʨʬʘʨʠʥʦʤ, ʦʪʥʦʩʷʱʝʛʦʩʷ ʢʦ 2 ʢʣʘʩʩʫ 

ɹʌʂ ʠ ʠʤʝʶʱʝʛʦ 100% ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ, ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ 

ʩ ɸɻ ʠ Na2ɻʂ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʝʛʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʚ 4,2 ʨʘʟʘ ʚ ʩʣʫʯʘʝ ʩ 

ɸɻ ʠ ʧʨʦʷʚʣʝʥʠʝ ʵʬʬʝʢʪʘ ʣʠʰʴ ʯʝʨʝʟ 54 ʯʘʩʘ ʧʦʩʣʝ ʚʚʝʜʝʥʠʷ ʚ ʩʣʫʯʘʝ ʩ Na2ɻʂ. 

ʇʨʠ ʠʩʩʣʝʜʦʚʘʥʠʠ ʢʦʤʧʣʝʢʩʦʚ ʩ ʧʨʘʟʠʢʚʘʥʪʝʣʦʤ ʚʧʝʨʚʳʝ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ 

ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ɸɻ ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ Cmax ʚ 2,7 ʨʘʟʘ ʧʦ 

ʩʨʘʚʥʝʥʠʶ ʩ ʯʠʩʪʳʤ ʇɿʂ, ʘ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ Na2ɻʂ ʚ 2,38 ʨʘʟʘ. ʆʜʥʘʢʦ 

ʥʘʠʙʦʣʴʰʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ʇɿʂ ʚ ʦʨʛʘʥʝ-ʤʠʰʝʥʠ ʧʝʯʝʥʠ ʜʦʩʪʠʛʘʝʪʩʷ ʧʦʩʣʝ 

ʚʚʝʜʝʥʠʷ ʇɿʂ:Na2ɻʂ 1:10, ʯʪʦ ʤʦʞʝʪ ʙʳʪʴ ʩʚʷʟʘʥʦ ʩ ʤʠʮʝʣʣʷʨʥʳʤ ʩʪʨʦʝʥʠʝʤ 

ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ɻʂ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ.  

ɺʧʝʨʚʳʝ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ, ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʠ 

ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ ʠ ʠʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʃʉ in vitro ʥʘ ʤʦʜʝʣʠ ʢʠʰʝʯʥʦʛʦ 

ʵʧʠʪʝʣʠʷ ï ʢʣʝʪʢʘʭ Caco-2, ʧʦʟʚʦʣʷʶʱʠʭ ʤʦʜʝʣʠʨʦʚʘʪʴ ʘʙʩʦʨʙʮʠʶ ʃʉ ʯʝʨʝʟ 

ɾʂʊ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥ ʫʚʝʣʠʯʠʚʘʝʪ ʪʨʘʥʩʵʧʠʪʝʣʠʘʣʴʥʦʝ 

ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʩʦʧʨʦʪʠʚʣʝʥʠʝ (TEER), ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʦʢʘʟʘʪʝʣʝʤ ʘʜʛʝʟʠʠ ʢ 

ʢʣʝʪʢʘʤ ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ. ɼʠʥʘʪʨʠʝʚʘʷ ʩʦʣʴ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ 

ʩʥʠʞʘʝʪ ʵʪʦʪ ʧʘʨʘʤʝʪʨ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʤ ʜʦʢʘʟʘʪʝʣʴʩʪʚʦʤ 

ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ɻʂ ʥʘ ʩʪʨʫʢʪʫʨʫ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ. ɺʧʝʨʚʳʝ ʥʘ 

ʵʪʦʡ ʤʦʜʝʣʠ ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ ʚʳʷʚʣʝʥ ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢ ʩʦʣʶʙʠʣʠʟʘʮʠʠ 

ʤʝʭʘʥʠʟʤ ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʠʟ ʢʦʤʧʣʝʢʩʦʚ-

ʚʢʣʶʯʝʥʠʡ ʩ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʦʤ ʠ ʜʠʥʘʪʨʠʝʚʦʡ ʩʦʣʴʶ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ, 

ʟʘʢʣʶʯʘʶʱʠʡʩʷ ʚ ʠʥʛʠʙʠʨʦʚʘʥʠʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʦʛʦ ʙʝʣʢʘ ʧʝʨʝʥʦʩʯʠʢʘ ʈ-
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ʛʣʠʢʦʧʨʦʪʝʠʥʘ ï ʦʜʥʦʛʦ ʠʟ ʟʥʘʯʠʤʳʭ ʙʘʨʴʝʨʦʚ ʥʘ ʧʫʪʠ ʃʉ ʠʟ ɾʂʊ ʚ ʩʠʩʪʝʤʥʳʡ 

ʢʨʦʚʦʪʦʢ. 

 

ʊʝʦʨʝʪʠʯʝʩʢʘʷ ʠ ʧʨʘʢʪʠʯʝʩʢʘʷ ʟʥʘʯʠʤʦʩʪʴ ʨʘʙʦʪʳ 

ʈʘʟʨʘʙʦʪʢʘ ʵʬʬʝʢʪʠʚʥʳʭ ʩʧʦʩʦʙʦʚ ʜʦʩʪʘʚʢʠ ʃʉ ʚ ʦʨʛʘʥʠʟʤ ʯʝʣʦʚʝʢʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʯʝʨʝʟ ɾʂʊ, ʠ ʧʦʚʳʰʝʥʠʝ ʠʭ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʷʚʣʷʶʪʩʷ ʦʜʥʦʚʨʝʤʝʥʥʦ 

ʙʦʣʴʰʦʡ ʟʘʜʘʯʝʡ, ʢʘʢ ʜʣʷ ʬʘʨʤʘʢʦʣʦʛʦʚ, ʪʘʢ ʠ ʜʣʷ ʭʠʤʠʢʦʚ. ɺ ʵʪʦʤ ʥʘʧʨʘʚʣʝʥʠʠ 

ʚʝʜʫʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦ ʦʙʲʝʤʫ ʧʨʝʚʳʰʘʶʱʠʝ ʨʘʟʨʘʙʦʪʢʠ ʘʙʩʦʣʶʪʥʦ ʥʦʚʳʭ 

ʭʠʤʠʯʝʩʢʠʭ ʤʦʣʝʢʫʣ-ʢʘʥʜʠʜʘʪʦʚ ʚ ʃʉ. ʇʨʦʚʝʜʝʥʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʧʦʟʚʦʣʠʣʦ 

ʜʦʢʘʟʘʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʥʦʚʦʛʦ ʧʨʦʩʪʦʛʦ ʩʧʦʩʦʙʘ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ-

ʚʢʣʶʯʝʥʠʡ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʨʘʩʪʠʪʝʣʴʥʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ɸɻ ʠ Na2ɻʂ ʚ ʢʘʯʝʩʪʚʝ 

ʩʨʝʜʩʪʚ ʜʦʩʪʘʚʢʠ, ʫʣʫʯʰʘʶʱʠʭ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʃʉ ʠʟ ʨʘʟʥʳʭ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ.  

ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ ʥʦʩʷʪ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʭʘʨʘʢʪʝʨ ʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 

ʚʳʩʦʢʫʶ ʥʘʫʯʥʫʶ ʠ ʧʨʘʢʪʠʯʝʩʢʫʶ ʮʝʥʥʦʩʪʴ. ʈʝʟʫʣʴʪʘʪʳ ʨʘʩʢʨʳʚʘʶʪ 

ʦʩʦʙʝʥʥʦʩʪʠ ʬʘʨʤʘʢʦʜʠʥʘʤʠʢʠ ʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʃʉ ʠʟ ʢʦʤʧʣʝʢʩʦʚ-ʚʢʣʶʯʝʥʠʡ 

ʩ ɸɻ ʠ Na2ɻʂ. ɺ ʭʦʜʝ ʠʩʩʣʝʜʦʚʘʥʠʡ ʙʳʣʠ ʚʳʷʚʣʝʥʳ ʨʘʟʣʠʯʠʷ ʚʣʠʷʥʠʷ 

ʠʩʩʣʝʜʫʝʤʳʭ ʤʝʪʘʙʦʣʠʪʦʚ ʥʘ ʢʣʝʪʢʠ ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ (Caco-2) ʠ ʫʩʪʘʥʦʚʣʝʥ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʢ ʩʦʣʶʙʠʣʠʟʘʮʠʠ ʤʝʭʘʥʠʟʤ ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʃʉ 

(ʠʥʛʠʙʠʨʦʚʘʥʠʝ ʈ-ʛʣʠʢʦʧʨʦʪʝʠʥʘ).  

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʨʝʢʦʤʝʥʜʦʚʘʥʳ ʜʣʷ ʚʢʣʶʯʝʥʠʷ ʚ 

ʫʯʝʙʥʳʝ ʧʨʦʛʨʘʤʤʳ ʜʠʧʣʦʤʥʦʡ ʠ ʧʦʩʣʝʜʠʧʣʦʤʥʦʡ ʧʦʜʛʦʪʦʚʢʠ ʬʘʨʤʘʢʦʣʦʛʦʚ ʠ 

ʬʘʨʤʘʮʝʚʪʦʚ. 

ɼʘʥʥʳʝ, ʧʦʣʫʯʝʥʥʳʝ ʚ ʥʘʩʪʦʷʱʝʤ ʠʩʩʣʝʜʦʚʘʥʠʠ, ʤʦʛʫʪ ʙʳʪʴ ʩ ʫʩʧʝʭʦʤ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʩ ʫʣʫʯʰʝʥʥʦʡ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ ʠ ʩʥʠʞʝʥʥʦʡ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʦʟʦʡ ʢʘʢ ʜʣʷ ʫʞʝ ʧʨʠʤʝʥʷʝʤʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʪʘʢ ʠ ʜʣʷ ʥʦʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩ ʥʠʟʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʴʶ ʚ ʚʦʜʝ ʠ ʧʣʦʭʦʡ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴʶ.  
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ʇʦ ʠʩʩʣʝʜʦʚʘʥʥʦʡ ʪʝʭʥʦʣʦʛʠʠ ʧʦʣʫʯʝʥʳ ʢʦʤʧʣʝʢʩʳ-ʚʢʣʶʯʝʥʠʷ ʥʦʚʳʭ 

ʚʝʱʝʩʪʚ, ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʭ ʚ ʌɻɹʆʋ ɺʆ ɺʦʣʛʦʛʨʘʜʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ ʚ 

ʃʘʙʦʨʘʪʦʨʠʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʀʆʍ ʉʆ ʈɸʅ. 

 

ʄʝʪʦʜʦʣʦʛʠʷ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ 

ʉʦʛʣʘʩʥʦ ʧʦʩʪʘʚʣʝʥʥʦʡ ʮʝʣʠ ʠ ʟʘʜʘʯʘʤ ʚʳʙʨʘʥʳ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʠ 

ʦʧʨʘʚʜʘʥʥʳʝ ʠ ʠʥʬʦʨʤʘʪʠʚʥʳʝ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ɿʘ ʤʝʪʦʜʦʣʦʛʠʯʝʩʢʫʶ 

ʦʩʥʦʚʫ ʚʟʷʪʦ çʈʫʢʦʚʦʜʩʪʚʦ ʧʦ ʧʨʦʚʝʜʝʥʠʶ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚè, ʪʘʢʞʝ ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʧʦʜʭʦʜ,r ʥʘʧʨʘʚʣʝʥʥʳʝ ʥʘ ʫʛʣʫʙʣʝʥʥʦʝ 

ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʦʚ ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ʙʘʟʝ 

ʃʘʙʦʨʘʪʦʨʠʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʌɻɹʋʅ ʅʦʚʦʩʠʙʠʨʩʢʦʛʦ 

ʠʥʩʪʠʪʫʪʘ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠ ʠʤ. ʅ.ʅ. ɺʦʨʦʞʮʦʚʘ ʉʠʙʠʨʩʢʦʛʦ ʦʪʜʝʣʝʥʠʷ 

ʈʦʩʩʠʡʩʢʦʡ ʘʢʘʜʝʤʠʠ ʥʘʫʢ. 

ʀʩʩʣʝʜʦʚʘʥʠʝ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʠʟʫʯʝʥʠʝ in vivo ʬʘʨʤʘʢʦʜʠʥʘʤʠʢʠ ʠ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʢʦʤʧʣʝʢʩʦʚ ʃʉ ʨʘʟʣʠʯʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ ʩ 

ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ ɸɻ ʠ Na2ɻʂ. ʅʝʢʦʪʦʨʳʝ ʃʉ ʙʳʣʠ ʠʟʫʯʝʥʳ ʚ 

ʢʦʤʧʣʝʢʩʘʭ ʩ ʦʙʦʠʤʠ ʤʝʪʘʙʦʣʠʪʘʤʠ ʜʣʷ ʚʳʷʚʣʝʥʠʷ ʨʘʟʣʠʯʠʡ ʚʣʠʷʥʠʷ çʭʦʟʷʠʥʘè 

ʥʘ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʃʉ. In vitro ʙʳʣʠ ʠʟʫʯʝʥʳ ʦʩʦʙʝʥʥʦʩʪʠ ʚʣʠʷʥʠʷ 

ɸɻ ʠ Na2ɻʂ ʥʘ ʢʣʝʪʢʠ ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ ʠ ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʡ ʙʝʣʦʢ-ʧʝʨʝʥʦʩʯʠʢ 

Pgp.  

ʀʩʩʣʝʜʦʚʘʥʠʷ in vivo ʚʳʧʦʣʥʝʥʳ ʥʘ ʢʨʳʩʘʭ ʩʪʦʢ Wistar, ʟʦʣʦʪʠʩʪʳʭ 

ʭʦʤʷʯʢʘʭ ʠ ʤʳʰʘʭ ʣʠʥʠʡ SD-1. ʀʩʩʣʝʜʦʚʘʥʠʷ in vitro ʚʳʧʦʣʥʝʥʳ ʥʘ ʢʣʝʪʦʯʥʳʭ 

ʣʠʥʠʷʭ Caco-2 ʠ STO-TG-puro. 

 

ʇʦʣʦʞʝʥʠʷ, ʚʳʥʦʩʠʤʳʝ ʥʘ ʟʘʱʠʪʫ 

1.  ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ɸɻ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʡ 

ʜʦʟʳ (ʥʠʬʝʜʠʧʠʥ, ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ, ʥʘʧʨʦʢʩʝʥ, ʠʙʫʧʨʦʬʝʥ), 

ʧʦʚʳʰʝʥʠʶ ʵʬʬʝʢʪʠʚʥʦʩʪʠ (ʘʣʴʙʝʥʜʘʟʦʣ, ʘʪʦʨʚʘʩʪʘʪʠʥ, ʩʠʤʚʘʩʪʘʪʠʥ) ʠ 
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ʧʦʚʳʰʝʥʠʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ (ʥʠʬʝʜʠʧʠʥ, ʠʙʫʧʨʦʬʝʥ, ʧʨʘʟʠʢʚʘʥʪʝʣ, 

ʘʪʦʨʚʘʩʪʘʪʠʥ, ʩʠʤʚʘʩʪʘʪʠʥ) ʃʉ ʠʟ ʨʘʟʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ, 

ʦʪʥʦʩʷʱʠʭʩʷ ʢʦ 2 ʢʣʘʩʩʫ ɹʌʂ. 

2. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ Na2ɻʂ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʃʉ ʠʟ ʨʘʟʥʳʭ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʛʨʫʧʧ, ʦʪʥʦʩʷʱʠʭʩʷ ʢʦ 2 

ʢʣʘʩʩʫ ɹʌʂ (ʘʪʦʨʚʘʩʪʘʪʠʥ, ʩʠʤʚʘʩʪʘʪʠʥ, ʧʨʘʟʠʢʚʘʥʪʝʣ). 

3. ʂʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ɸɻ ʠ Na2ɻʂ ʧʨʠʚʦʜʠʪ ʢ ʫʤʝʥʴʰʝʥʠʶ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʃʉ, ʦʪʥʦʩʷʱʠʭʩʷ ʢʦ 2 ʢʣʘʩʩʫ ɹʌʂ ʠ ʠʤʝʶʱʠʭ 100% 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ (ʚʘʨʬʘʨʠʥ). 

4.  ʋʚʝʣʠʯʝʥʠʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʃʉ ʠʟ ʢʦʤʧʣʝʢʩʦʚ ʩ ɸɻ ʠ Na2ɻʂ 

ʧʨʦʠʩʭʦʜʠʪ ʟʘ ʩʯʝʪ ʫʚʝʣʠʯʝʥʠʷ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ, ʫʤʝʥʴʰʝʥʠʷ ʚʣʠʷʥʠʷ 

ʪʨʘʥʩʤʝʤʙʨʘʥʥʳʭ ʙʝʣʢʦʚ ʧʝʨʝʥʦʩʯʠʢʦʚ ʈ-ʛʣʠʢʦʧʨʦʪʝʠʥʦʚ, ʘʜʛʝʟʠʠ ɸɻ ʢ ʢʣʝʪʢʘʤ 

ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ ʠ ʚʣʠʷʥʠʶ Na2ɻʂ ʥʘ ʩʚʦʡʩʪʚʘ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʢʣʝʪʦʢ 

ʢʠʰʝʯʥʦʛʦ ʵʧʠʪʝʣʠʷ. 

 

ʉʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʠ ʘʧʨʦʙʘʮʠʷ ʨʝʟʫʣʴʪʘʪʦʚ 

ɺʳʩʦʢʘʷ ʩʪʝʧʝʥʴ ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ 

ʜʦʩʪʘʪʦʯʥʳʤ ʦʙʲʝʤʦʤ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʩʦʚʨʝʤʝʥʥʳʭ ʤʝʪʦʜʦʚ ʠ ʤʝʪʦʜʠʯʝʩʢʠʭ ʧʦʜʭʦʜʦʚ, ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʭ ʧʦʩʪʘʚʣʝʥʥʳʤ 

ʟʘʜʘʯʘʤ. ɺʳʚʦʜʳ, ʩʬʦʨʤʫʣʠʨʦʚʘʥʥʳʝ ʚ ʜʠʩʩʝʨʪʘʮʠʠ, ʧʦʜʪʚʝʨʞʜʝʥʳ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʘʥʘʣʠʟʦʤ ʣʠʪʝʨʘʪʫʨʳ, ʪʦʯʥʦʩʪʴʶ 

ʩʪʘʪʠʩʪʠʯʝʩʢʦʡ ʦʙʨʘʙʦʪʢʠ. 

ʆʩʥʦʚʥʳʝ ʧʦʣʦʞʝʥʠʷ ʨʘʙʦʪʳ ʜʦʣʦʞʝʥʳ ʥʘ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʫʢʠ-ʤʝʜʠʮʠʥʝè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2010), 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çñBITôs 8th Annual Congress 

of International Drug Discovery Science and Technologyè (ʇʝʢʠʥ, ʂʠʪʘʡ, 2010), 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çInnovation in Drug Delivery: 

From Preformulation to Development through Innovative Evaluation Processè (ʕʢʩ-ʘʥ-

ʇʨʦʚʘʥʩ, ʌʨʘʥʮʠʷ, 2010), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ 

ç3rd International Conference on Drug Discovery & Therapyè (ɼʫʙʘʡ, ʆɸʕ, 2011), 
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ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ç3rd International conference 

3d PharmSciFairè (ʇʨʘʛʘ, ʏʝʭʠʷ, 2011), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ çCurrent Topics in Organic Chemistryè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2011), 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ç2nd Int. Conf. on 

Pharmaceutics & Novel drug delivery systemsè (ʉʘʥ-ʌʨʘʥʮʠʩʢʦ, ʉʐɸ, 2012), 

ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʀʥʥʦʚʘʮʠʠ ʚ ʩʦʚʨʝʤʝʥʥʦʡ ʬʘʨʤʘʢʦʣʦʛʠʠè 

(ʂʘʟʘʥʴ, ʈʦʩʩʠʷ, 2012), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ç5th 

International Conference on Drug Discovery and Therapyè (ɼʫʙʘʡ, ʆɸʕ, 2013), 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʥʘʫʢʠ ï 

ʤʝʜʠʮʠʥʝè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2013), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ 

ʢʦʥʬʝʨʝʥʮʠʠ ç15th Tetrahedron Symposium Asia Editionè (ʉʠʥʛʘʧʫʨ, 2014), 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çMedChemè (ʅʦʚʦʩʠʙʠʨʩʢ, 

ʈʦʩʩʠʷ, 2015), ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ç4th Conference 

on Innovation in Drug Delivery: Site- specific drug deliveryè (ɾʫʘʥ-ʣʝ-ʧʝʥ, ʌʨʘʥʮʠʷ, 

2016), ʚʩʝʨʦʩʩʠʡʩʢʦʡ ʥʘʫʯʥʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ʩ ʤʝʞʜʫʥʘʨʦʜʥʳʤ ʫʯʘʩʪʠʝʤ 

çʉʦʚʨʝʤʝʥʥʳʝ ʧʨʦʙʣʝʤʳ ʦʨʛʘʥʠʯʝʩʢʦʡ ʭʠʤʠʠè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2017), 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çWorld congress on 

Pharmacology and Chemistry of Natural Compoundsè (ʊʙʠʣʠʩʠ, ɻʨʫʟʠʷ, 2017), 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ ç2nd Edition of Global 

Conference on Pharmaceutics and Drug Delivery Systemsè (ʈʠʤ, ʀʪʘʣʠʷ, 2018), 

ʤʝʞʜʫʥʘʨʦʜʥʦʡ ʥʘʫʯʥʦ-ʧʨʘʢʪʠʯʝʩʢʦʡ ʢʦʥʬʝʨʝʥʮʠʠ çFundamental Bases of 

Mechanochemical Technologiesè (ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, 2018). 

ʈʘʙʦʪʘ ʙʳʣʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʦʤ ʈʌʌʀ ˉ 12-04-31137 ʤʦʣ_ʘ (2012-2013) 

çʀʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʷ ʩ ʨʘʩʪʠʪʝʣʴʥʳʤʠ ʧʦʣʠʩʘʭʘʨʠʜʘʤʠ ʥʘ 

ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚè, 

ʩʪʠʧʝʥʜʠʝʡ ʇʨʝʟʠʜʝʥʪʘ ʈʌ ʤʦʣʦʜʳʤ ʫʯʝʥʳʤ ʠ ʘʩʧʠʨʘʥʪʘʤ 2013-2015 ʛʛ, ʛʨʘʥʪʦʤ 

ʈʌʌʀ ˉ 17-43-540175 ʨ_ʘ (2017-2018) çʉʦʟʜʘʥʠʝ ʥʘʫʯʥʳʭ ʦʩʥʦʚ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʜʣʷ ʣʝʯʝʥʠʷ ʦʧʠʩʪʦʨʭʦʟʘè ʠ ʚʳʧʦʣʥʝʥʘ 

ʨʘʤʢʘʭ ʙʘʟʦʚʦʡ ʧʨʦʛʨʘʤʤʳ V.48. çʌʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʝʭʘʥʠʟʤʦʚ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʠ ʩʦʟʜʘʥʠʝ ʥʘ ʠʭ ʦʩʥʦʚʝ 
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ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʜʣʷ ʣʝʯʝʥʠʷ ʠ ʧʨʦʬʠʣʘʢʪʠʢʠ 

ʩʦʮʠʘʣʴʥʦ ʟʥʘʯʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡè ʧʨʦʛʨʘʤʤʳ ʉʆ ʈɸʅ V.48.1.5: çʈʘʟʚʠʪʠʝ 

ʩʦʚʨʝʤʝʥʥʳʭ  ʧʦʜʭʦʜʦʚ ʢ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ 

ʤʝʜʠʮʠʥʳ ʘʛʝʥʪʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦʛʦ ʦʨʛʘʥʠʯʝʩʢʦʛʦ 

ʩʠʥʪʝʟʘè. 

ʇʦ ʧʨʦʬʠʣʶ ʜʠʩʩʝʨʪʘʮʠʠ ʦʧʫʙʣʠʢʦʚʘʥʦ 28 ʨʘʙʦʪ, ʠʟ ʥʠʭ 2 ʛʣʘʚʳ ʚ 

ʤʦʥʦʛʨʘʬʠʷʭ, 2 ʧʘʪʝʥʪʘ ʈʌ ʠ 24 ʧʦʣʥʦʪʝʢʩʪʦʚʳʭ ʩʪʘʪʴʠ ʚ ʞʫʨʥʘʣʘʭ, 

ʨʝʢʦʤʝʥʜʦʚʘʥʥʳʭ ɺʳʩʰʝʡ ʘʪʪʝʩʪʘʮʠʦʥʥʦʡ ʢʦʤʠʩʩʠʝʡ ʧʨʠ ʄʠʥʠʩʪʝʨʩʪʚʝ 

ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʥʘʫʢʠ ʈʦʩʩʠʡʩʢʦʡ ʌʝʜʝʨʘʮʠʠ. 

 

ʃʠʯʥʦʝ ʫʯʘʩʪʠʝ ʘʚʪʦʨʘ 

ɸʚʪʦʨ ʧʨʠʥʠʤʘʣ ʣʠʯʥʦʝ ʫʯʘʩʪʠʝ ʚ ʧʨʦʚʝʜʝʥʠʠ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ 

ʨʘʙʦʪʳ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ï ʦʪ ʧʣʘʥʠʨʦʚʘʥʠʷ ʜʦ ʦʙʩʫʞʜʝʥʠʷ ʨʝʟʫʣʴʪʘʪʦʚ ʠ 

ʧʫʙʣʠʢʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʥʘʫʯʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

 

ʆʙʲʝʤ ʠ ʩʪʨʫʢʪʫʨʘ ʜʠʩʩʝʨʪʘʮʠʠ 

ɼʠʩʩʝʨʪʘʮʠʷ ʩʦʩʪʦʠʪ ʠʟ ʚʚʝʜʝʥʠʷ, ʯʝʪʳʨʝʭ ʛʣʘʚ (ʦʙʟʦʨ ʣʠʪʝʨʘʪʫʨʳ, 

ʤʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠ ʜʚʫʭ ʛʣʘʚ, ʦʪʨʘʞʘʶʱʠʭ ʨʝʟʫʣʴʪʘʪʳ 

ʩʦʙʩʪʚʝʥʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ), ʟʘʢʣʶʯʝʥʠʷ, ʚʳʚʦʜʦʚ ʠ ʩʧʠʩʢʘ 

ʣʠʪʝʨʘʪʫʨʳ. ʈʘʙʦʪʘ ʠʟʣʦʞʝʥʘ ʥʘ 183 ʩʪʨʘʥʠʮʘʭ ʤʘʰʠʥʦʧʠʩʥʦʛʦ ʪʝʢʩʪʘ, 

ʠʣʣʶʩʪʨʠʨʦʚʘʥʘ 29 ʪʘʙʣʠʮʘʤʠ ʠ 70 ʨʠʩʫʥʢʘʤʠ. ɹʠʙʣʠʦʛʨʘʬʠʯʝʩʢʠʝ ʩʩʳʣʢʠ 

ʚʢʣʶʯʘʶʪ 265 ʠʩʪʦʯʥʠʢʘ, ʠʟ ʢʦʪʦʨʳʭ 241 ï ʧʫʙʣʠʢʘʮʠʠ ʟʘʨʫʙʝʞʥʳʭ ʘʚʪʦʨʦʚ. 

 

ɺ ʜʠʩʩʝʨʪʘʮʠʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʨʝʟʫʣʴʪʘʪʳ ʢʘʥʜʠʜʘʪʩʢʦʡ ʜʠʩʩʝʨʪʘʮʠʠ 

ɹʦʨʠʩʦʚʘ ʉ.ɸ., ʚ ʯʘʩʪʠ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ɸʉʂ, ʀɹ, ʅɸʇ ʩ ɸɻ, ʚʚʠʜʫ 

ʥʘʣʠʯʠʷ ʩʦʚʤʝʩʪʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʧʫʙʣʠʢʘʮʠʡ ʧʦ ʜʘʥʥʳʤ ʠʩʩʣʝʜʦʚʘʥʠʷʤ.  

 

ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʠʩʢʨʝʥʥʶʶ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʚʦʝʤʫ ʥʘʫʯʥʦʤʫ ʢʦʥʩʫʣʴʪʘʥʪʫ 

ʜ.ʙ.ʥ. ʧʨʦʬ. ʊ. ɻ. ʊʦʣʩʪʠʢʦʚʦʡ ʟʘ ʥʝʦʮʝʥʠʤʫʶ ʧʦʤʦʱʴ ʚ ʠʥʪʝʨʧʨʝʪʘʮʠʠ 

ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʥʘʧʠʩʘʥʠʠ ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɸʚʪʦʨ ʙʣʘʛʦʜʘʨʠʪ 
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ʢʦʣʣʝʢʪʠʚ ʛʨʫʧʧʳ ʤʝʭʘʥʦʭʠʤʠʠ ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʝʜʠʥʝʥʠʡ ʀʍʊʊʄ ʉʆ ʈɸʅ ʠ 

ʣʠʯʥʦ ʨʫʢʦʚʦʜʠʪʝʣʷ. ʜ.ʭ.ʥ ʧʨʦʬ. ɸ. ɺ. ɼʫʰʢʠʥʘ ʟʘ ʩʠʥʪʝʟ, ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ ʠ 

ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ. ɸʚʪʦʨ 

ʙʣʘʛʦʜʘʨʠʪ ʜ.ʤ.ʥ. ʅ. ɸ. ɾʫʢʦʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʛʠʩʪʦʤʦʨʬʦʣʦʛʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʡ ʠ ʠʥʪʝʨʧʨʝʪʘʮʠʠ ʨʝʟʫʣʴʪʘʪʦʚ ʠ ʢ.ʙ.ʥ. ʊ. ʉ. ʌʨʦʣʦʚʫ ʟʘ ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʠʩʩʣʝʜʦʚʘʥʠʡ in vitro. ɸʚʪʦʨ ʠʩʢʨʝʥʥʝ ʧʨʠʟʥʘʪʝʣʝʥ ʚʩʝʤ ʩʦʪʨʫʜʥʠʢʘʤ 

ʣʘʙʦʨʘʪʦʨʠʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʅʀʆʍ ʉʆ ʈɸʅ ʟʘ ʧʦʤʦʱʴ ʚ 

ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʨʘʙʦʪʝ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ 

ʣʘʙʦʨʘʪʦʨʠʠ ʥʘʥʦʯʘʩʪʠʮ (ʟʘʚ. ʜ.ʭ.ʥ. ɸ. ɸ. ʆʥʠʱʫʢ) ʀʍʂɻ ʉʆ ʈɸʅ ʟʘ ʧʦʤʦʱʴ ʚ 

ʧʨʦʚʝʜʝʥʠʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʠʙʫʧʨʦʬʝʥʘ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ 

ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʩʦʪʨʫʜʥʠʢʘʤ ʃʘʙʦʨʘʪʦʨʠʠ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʝʭʘʥʠʟʤʦʚ 

ʧʘʪʦʣʦʛʠʯʝʩʢʠʭ ʧʨʦʮʝʩʩʦʚ ʀʎʀɻ ʉʆ ʈɸʅ, ʟʘʚ. ʣʘʙ., ʜ.ʙ.ʥ. ʄʦʨʜʚʠʥʦʚ ɺ.ɸ. ʟʘ 

ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʤʧʣʝʢʩʘ ʩ ʘʣʴʙʝʥʜʘʟʦʣʦʤ. ɸʚʪʦʨ ʚʳʨʘʞʘʝʪ ʙʣʘʛʦʜʘʨʥʦʩʪʴ ʢ.ʭ.ʥ. 

ɸ. ɸ. ʏʝʨʥʦʥʦʩʦʚʫ ʟʘ ʧʦʤʦʱʴ ʚ ʧʨʦʚʝʜʝʥʠʠ ʬʘʨʤʘʢʦʢʠʥʝʪʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 

ʚʘʨʬʘʨʠʥʘ ʠ ʥʠʬʝʜʠʧʠʥʘ. 
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ɻʃɸɺɸ 1. ʆɹɿʆʈ ʃʀʊɽʈɸʊʋʈʓ  

 

ɼʦ ʢʦʥʮʘ 19 ʚʝʢʘ ʜʣʷ ʙʦʨʴʙʳ ʩ ʟʘʙʦʣʝʚʘʥʠʷʤʠ ʯʝʣʦʚʝʢ ʠʩʧʦʣʴʟʦʚʘʣ ʚ 

ʦʩʥʦʚʥʦʤ ʨʘʩʪʝʥʠʷ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʣʠʩʴ ʢʘʢ ʮʝʣʠʢʦʤ, ʪʘʢ ʠ ʦʪʜʝʣʴʥʳʤʠ ʯʘʩʪʷʤʠ 

(Lullmann H. et al., 2000). ʆʯʝʚʠʜʥʳʤ ʥʝʜʦʩʪʘʪʢʦʤ ʪʘʢʦʡ ʪʝʨʘʧʠʠ ʷʚʣʷʝʪʩʷ 

ʦʜʥʦʚʨʝʤʝʥʥʦʝ ʧʦʧʘʜʘʥʠʝ ʚ ʦʨʛʘʥʠʟʤ ʙʦʣʴʰʝʛʦ ʢʦʣʠʯʝʩʪʚʘ ʨʘʟʥʳʭ ʭʠʤʠʯʝʩʢʠʭ 

ʚʝʱʝʩʪʚ, ʢʦʪʦʨʳʝ ʧʦʤʠʤʦ ʣʝʯʝʙʥʦʛʦ ʜʝʡʩʪʚʠʷ ʤʦʛʫʪ ʦʙʣʘʜʘʪʴ ʠ ʚʳʨʘʞʝʥʥʳʤʠ 

ʪʦʢʩʠʯʝʩʢʠʤʠ ʵʬʬʝʢʪʘʤʠ. ʇʦʥʠʤʘʥʠʝ ʵʪʦʛʦ ʬʘʢʪʘ ʧʨʠʚʝʣʦ ʚ 19 ʚʝʢʝ ï ʚʝʢʝ 

ʨʘʩʮʚʝʪʘ ʭʠʤʠʠ, ʢ ʚʳʜʝʣʝʥʠʶ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʤʦʣʝʢʫʣ, ʦʙʣʘʜʘʶʱʠʭ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʴʶ. ʗʨʢʠʤʠ ʧʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʩʣʫʞʘʪ 

ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʘʷ ʢʠʩʣʦʪʘ ʠ ʧʘʨʘʮʝʪʘʤʦʣ (Siepmann J. et al., 2012). ʉʧʫʩʪʷ 200 

ʣʝʪ ʪʘʢʦʡ ʩʧʦʩʦʙ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ ʚʩʝ ʝʱʝ ʘʢʪʫʘʣʝʥ, 

ʥʘʨʷʜʫ ʩ ʙʦʣʝʝ ʩʦʚʨʝʤʝʥʥʳʤʠ ʤʝʪʦʜʘʤʠ ʥʘʧʨʘʚʣʝʥʥʦʛʦ ʩʠʥʪʝʟʘ. ʆʪʢʨʳʪʳʝ ʥʘ 

ʟʘʨʝ ʬʘʨʤʘʢʦʣʦʛʠʠ ʚʝʱʝʩʪʚʘ ʚʩʝ ʝʱʝ ʩʣʫʞʘʪ ʣʶʜʷʤ, ʷʚʣʷʷʩʴ ʚʘʞʥʳʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʝʨʘʧʠʠ ʤʥʦʛʠʭ ʟʘʙʦʣʝʚʘʥʠʡ. ʆʜʥʘʢʦ, ʩ ʧʦʷʚʣʝʥʠʝʤ 

ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʚʝʱʝʩʪʚ, ʦʙʣʘʜʘʶʱʠʭ ʦʧʨʝʜʝʣʝʥʥʳʤ ʙʠʦʣʦʛʠʯʝʩʢʠʤ ʜʝʡʩʪʚʠʝʤ, 

ʚʦʧʨʦʩ ʪʦʢʩʠʯʝʩʢʠʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʦʩʪʘʣʩʷ ʘʢʪʫʘʣʴʥʳʤ. ʊʦʣʴʢʦ ʚ ʦʪʣʠʯʠʝ ʦʪ 

ʨʘʩʪʝʥʠʡ, ʪʦʢʩʠʯʝʩʢʠʝ ʜʝʡʩʪʚʠʷ ʠʥʜʠʚʠʜʫʘʣʴʥʳʭ ʭʠʤʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ ʙʳʣʠ 

ʦʙʫʩʣʦʚʣʝʥʳ ʠʭ ʩʦʙʩʪʚʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʂʘʢ ʧʨʘʚʠʣʦ, ʪʘʢʠʝ ʣʝʢʘʨʩʪʚʘ 

ʧʨʠʥʠʤʘʣʠ ʚ ʪʦʡ ʬʦʨʤʝ, ʚ ʢʦʪʦʨʦʡ ʦʥʠ ʙʳʣʠ ʩʠʥʪʝʟʠʨʦʚʘʥʳ, ʢʘʢ ʥʘʧʨʠʤʝʨ 

ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʧʦʨʦʰʦʢ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ ʢʠʩʣʦʪʳ.  ʅʝ ʧʦʪʨʝʙʦʚʘʣʦʩʴ ʤʥʦʛʦ 

ʚʨʝʤʝʥʠ, ʯʪʦʙʳ ʪʘʢʦʡ ʠʟʚʝʩʪʥʳʡ ʜʣʷ ʥʝʝ ʧʦʙʦʯʥʳʡ ʵʬʬʝʢʪ, ʢʘʢ ʫʣʴʮʝʨʦʛʝʥʥʘʷ 

ʘʢʪʠʚʥʦʩʪʴ, ʤʘʥʠʬʝʩʪʠʨʦʚʘʣ ʫ ʧʘʮʠʝʥʪʦʚ ʪʦʛʦ ʚʨʝʤʝʥʠ. ʆʧʠʩʘʥʳ ʣʝʪʘʣʴʥʳʝ 

ʩʣʫʯʘʠ, ʚʳʟʚʘʥʥʳʝ ʧʨʦʙʦʜʝʥʠʝʤ ʞʝʣʫʜʢʘ ʧʦʩʣʝ ʧʨʠʝʤʘ ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ 

ʢʠʩʣʦʪʳ (Yeomans N. D. et al., 2011; Hawthrone A.B. et al., 1991). ʂʨʦʤʝ ʧʦʙʦʯʥʳʭ 

ʜʝʡʩʪʚʠʡ ʠʥʜʠʚʠʜʫʘʣʴʥʳʝ ʚʝʱʝʩʪʚʘ ʤʦʛʫʪ ʠʤʝʪʴ ʧʣʦʭʫʶ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ, 

ʠʤʝʪʴ ʥʝʧʨʠʷʪʥʳʡ ʚʢʫʩ ʠ ʢʦʨʦʪʢʠʝ ʩʨʦʢʠ ʭʨʘʥʝʥʠʷ, ʙʳʪʴ ʥʝ ʩʪʘʙʠʣʴʥʳʤʠ ʠ ʥʝ 

ʫʜʦʙʥʳʤʠ ʜʣʷ ʧʨʠʝʤʘ ʙʦʣʴʥʳʤʠ ʠ ʜʨ. ɺʩʝ ʵʪʠ ʬʘʢʪʦʨʳ ʧʦʪʨʝʙʦʚʘʣʠ ʩʦʟʜʘʥʠʷ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʢʦʪʦʨʳʝ ʫʯʠʪʳʚʘʶʪ ʚʩʝ ʦʩʦʙʝʥʥʦʩʪʠ ʪʦʛʦ ʠʣʠ ʠʥʦʛʦ 
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ʚʝʱʝʩʪʚʘ, ʠʤʝʶʪ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʫʶ ʜʦʟʠʨʦʚʢʫ ʠ ʠʤʝʥʥʦ ʠʭ ʤʳ ʩʝʛʦʜʥʷ 

ʠʤʝʥʫʝʤ çʣʝʢʘʨʩʪʚʦʤè. ʅʝ ʩʤʦʪʨʷ ʥʘ ʚʳʨʘʞʝʥʥʳʡ ʧʨʦʛʨʝʩʩ ʚ ʩʦʟʜʘʥʠʠ ʣʝʢʘʨʩʪʚ, 

ʧʨʦʙʣʝʤʫ ʪʦʢʩʠʯʝʩʢʠʭ ʧʦʙʦʯʥʳʭ ʜʝʡʩʪʚʠʡ ʥʝ ʫʜʘʣʦʩʴ ʜʦ ʢʦʥʮʘ ʨʝʰʠʪʴ ʠ ʚ 

ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ.  

ɺ ʪʝʯʝʥʠʝ 19ʛʦ ʠ 20ʛʦ ʚʝʢʘ ʙʳʣʦ ʩʦʟʜʘʥʦ ʠ ʜʦʧʫʱʝʥʦ ʜʦ ʢʣʠʥʠʯʝʩʢʦʛʦ 

ʧʨʠʤʝʥʝʥʠʷ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ, ʧʨʘʢʪʠʯʝʩʢʠ ʧʦ ʚʩʝʤ 

ʩʫʱʝʩʪʚʫʶʱʠʤ ʥʦʟʦʣʦʛʠʷʤ. ʇʝʨʝʯʝʥʴ ʣʝʢʘʨʩʪʚ, ʠʤʝʶʱʠʭʩʷ ʚ ʨʘʩʧʦʨʷʞʝʥʠʠ 

ʩʦʚʨʝʤʝʥʥʦʡ ʤʝʜʠʮʠʥʳ, ʥʘʩʯʠʪʳʚʘʝʪ ʪʳʩʷʯʠ ʥʘʠʤʝʥʦʚʘʥʠʡ (www.rls.ru). 

ʈʘʟʨʘʙʦʪʢʘ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ ʩʪʘʥʦʚʠʪʩʷ ʦʯʝʥʴ ʜʦʨʦʛʠʤ ʧʨʦʮʝʩʩʦʤ, 

ʟʘʥʠʤʘʶʱʠʤ ʪʘʢʞʝ ʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ ʚʨʝʤʝʥʠ ʧʨʦʭʦʜʷʱʝʛʦ ʦʪ ʩʠʥʪʝʟʘ 

ʪʘʢʦʡ ʤʦʣʝʢʫʣʳ ʜʦ ʚʥʝʜʨʝʥʠʷ ʝʝ ʚ ʤʝʜʠʮʠʥʩʢʫʶ ʧʨʘʢʪʠʢʫ (DiMasi J. A. et al., 

2003). ɺ ʩʣʦʞʠʚʰʝʡʩʷ ʩʠʪʫʘʮʠʠ ʥʘ ʧʝʨʝʜʥʠʡ ʧʣʘʥ ʚʳʭʦʜʷʪ ʥʦʚʳʝ ʧʦʜʭʦʜʳ, 

ʤʦʜʠʬʠʮʠʨʫʶʱʠʝ ʢʘʢ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʝ, ʪʘʢ ʠ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 

ʭʦʨʦʰʦ ʠʟʚʝʩʪʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ (Tiwari G. et al., 2012). ʆʩʥʦʚʥʳʤʠ 

ʮʝʣʷʤʠ ʪʘʢʠʭ ʤʦʜʠʬʠʢʘʮʠʡ ʷʚʣʷʝʪʩʷ ʧʦʚʳʰʝʥʠʝ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ 

ʃʉ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʤʥʦʛʠʝ ʃʉ ʧʣʦʭʦ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʵʪʦ ʷʚʣʷʝʪʩʷ 

ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʠʭ ʙʦʣʝʝ ʰʠʨʦʢʦʛʦ ʢʣʠʥʠʯʝʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. ʉʦʛʣʘʩʥʦ 

ɹʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʉʠʩʪʝʤʝ ʂʣʘʩʩʠʬʠʢʘʮʠʠ, ʪʘʢʠʝ ʃʉ ʦʪʥʦʩʷʪʩʷ ʢʦ 2ʤʫ 

ʂʣʘʩʩʫ (ʧʣʦʭʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ/ʭʦʨʦʰʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ) ʠʣʠ ʢ 4ʤʫ ʂʣʘʩʩʫ 

(ʧʣʦʭʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ/ʧʣʦʭʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ) ʚʝʱʝʩʪʚ (Amidon G. L. et al., 

1995). ʀʩʧʦʣʴʟʫʷ ʨʘʟʣʠʯʥʳʝ ʧʦʜʭʦʜʳ ʫ ʪʘʢʠʭ ʃʉ ʤʦʞʥʦ ʧʦʚʳʩʠʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ 

ʚ ʚʦʜʝ, ʥʝ ʠʟʤʝʥʷʷ ʧʨʠ ʵʪʦʤ ʠʭ ʣʠʧʦʬʠʣʴʥʳʭ  ʩʚʦʡʩʪʚ, ʘ ʵʪʦ ʚ ʠʪʦʛʝ ʧʨʠʚʝʜʝʪ ʢ ʠʭ 

ʣʫʯʰʝʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʯʝʨʝʟ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ. ʂ ʪʘʢʠʤ ʧʦʜʭʦʜʘʤ 

ʦʪʥʦʩʷʪʩʷ: ʫʤʝʥʴʰʝʥʠʝ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ, ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʣʝʡ ʠ ʪʚʝʨʜʳʭ ʜʠʩʧʝʨʩʠʡ, 

ʵʢʩʪʨʫʟʠʷ ʨʘʩʧʣʘʚʦʚ, ʩʫʰʢʘ ʨʘʩʧʳʣʝʥʠʝʤ, ʢʦʤʧʣʝʢʩʦʙʨʘʟʦʚʘʥʠʝ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʤʠʢʨʦʵʤʫʣʴʩʠʡ, ʣʠʧʦʩʦʤ ʠ ʧʨʠʤʝʥʝʥʠʝ ʥʝ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ (Loftsson T. et 

al., 2005). ʈʘʟʨʘʙʘʪʳʚʘʝʤʳʝ ʥʦʚʳʝ ʬʦʨʤʳ ʜʦʩʪʘʚʢʠ ʩʧʦʩʦʙʥʳ ʫʣʫʯʰʘʪʴ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ, ʟʘʤʝʜʣʷʪʴ ʠʣʠ ʨʝʛʫʣʠʨʦʚʘʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʃʉ, ʜʦʩʪʘʚʣʷʪʴ ʠʭ 

ʙʦʣʝʝ ʮʝʣʝʥʘʧʨʘʚʣʝʥʥʦ ʢ ʦʨʛʘʥʘʤ-ʤʠʰʝʥʷʤ ʥʝʟʘʚʠʩʠʤʦ ʦʪ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ. 
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ʊʘʙʣʠʮʘ 1 ï ɹʠʦʬʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʢʣʘʩʩʠʬʠʢʘʮʠʷ ʃʉ, ʧʨʠ 

ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ (Amidon G. L. et al., 1995).  

ʂʣʘʩʩ ʈʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ 
ʇʨʦʥʠʮʘʝʤʦʩʪʴ ʯʝʨʝʟ ʣʠʧʦʬʠʣʴʥʫʶ 

ʤʝʤʙʨʘʥʫ 

I ɺʳʩʦʢʘʷ ɺʳʩʦʢʘʷ 

II  ʅʠʟʢʘʷ ɺʳʩʦʢʘʷ 

III  ɺʳʩʦʢʘʷ ʅʠʟʢʘʷ 

IV ʅʠʟʢʘʷ ʅʠʟʢʘʷ 

 

ʇʫʪʠ ʚʚʝʜʝʥʠʷ ʃʉ ʚ ʦʨʛʘʥʠʟʤ ʤʦʞʥʦ ʨʘʟʜʝʣʠʪʴ ʥʘ ʠʥʪʨʘʚʘʩʢʫʣʷʨʥʳʡ ʠ 

ʵʢʩʪʨʘʚʘʩʢʫʣʷʨʥʳʡ. ʇʨʠ ʧʝʨʚʦʤ ʩʧʦʩʦʙʝ ʚʚʝʜʝʥʠʷ, ʃʉ ʧʦʣʥʦʩʪʴʶ ʧʦʧʘʜʘʝʪ ʚ 

ʢʨʦʚʦʪʦʢ ʯʝʨʝʟ ʚʝʥʫ ʠʣʠ ʘʨʪʝʨʠʶ ʠ ʝʛʦ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʩʦʩʪʘʚʣʷʝʪ 100%. ɺ 

ʜʘʥʥʦʤ ʩʣʫʯʘʝ ʦʩʥʦʚʥʳʤ ʪʨʝʙʦʚʘʥʠʝʤ ʢ ʚʝʱʝʩʪʚʫ ʷʚʣʷʝʪʩʷ ʭʦʨʦʰʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ. ʕʢʩʪʨʘʚʘʩʢʫʣʷʨʥʳʡ ʩʧʦʩʦʙ ʚʚʝʜʝʥʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ 

ʩʣʝʜʫʶʱʠʝ ʧʫʪʠ: ʦʨʘʣʴʥʳʡ, ʩʫʙʣʠʥʛʚʘʣʴʥʳʡ, ʪʨʘʥʩʙʫʢʢʘʣʴʥʳʡ, 

ʚʥʫʪʨʠʤʳʰʝʯʥʳʡ, ʧʦʜʢʦʞʥʳʡ, ʢʦʞʥʳʡ, ʠʥʛʘʣʷʮʠʦʥʥʳʡ, ʨʝʢʪʘʣʴʥʳʡ ʠ 

ʪʨʘʥʩʦʨʙʠʪʘʣʴʥʳʡ. ɺʦ ʚʩʝʭ ʵʪʠʭ ʩʣʫʯʘʷʭ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʚ ʢʨʦʚʦʪʦʢ, ʃʉ 

ʜʦʣʞʥʦ ʘʙʩʦʨʙʠʨʦʚʘʪʴʩʷ ʠʟ ʤʝʩʪʘ ʚʚʝʜʝʥʠʷ. ʏʘʱʝ ʚʩʝʛʦ ʧʦʜ ʵʪʠʤ ʧʨʦʮʝʩʩʦʤ 

ʧʦʥʠʤʘʶʪ ʪʨʘʥʩʧʦʨʪ ʤʦʣʝʢʫʣ ʃʉ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʤʝʤʙʨʘʥʳ ʠ ʧʦʣʦʩʪʠ, ʢʦʪʦʨʳʝ 

ʚʩʝ ʚʤʝʩʪʝ ʩʦʩʪʘʚʣʷʶʪ çʬʫʥʢʮʠʦʥʘʣʴʥʫʶè ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ. 

ʇʨʠʤʝʨʘʤʠ ʪʘʢʠʭ ʙʘʨʴʝʨʦʚ ʩʣʫʞʘʪ ʢʣʝʪʢʠ ʠ ʤʝʞʢʣʝʪʦʯʥʦʝ ʧʨʦʩʪʨʘʥʩʪʚʦ ʤʝʞʜʫ 

ʧʨʦʩʚʝʪʦʤ ʢʠʰʝʯʥʠʢʘ/ʞʝʣʫʜʢʘ ʠ ʢʘʧʠʣʣʷʨʥʦʡ ʢʨʦʚʴʶ, ʢʦʞʘ. ʂʘʞʜʳʡ ʠʟ 

ʢʦʤʧʦʥʝʥʪʦʚ ʪʘʢʦʡ ʤʝʤʙʨʘʥʳ ʚ ʪʦʡ ʠʣʠ ʠʥʦʡ ʩʪʝʧʝʥʠ ʚʣʠʷʝʪ ʥʘ ʪʨʘʥʩʧʦʨʪ ʃʉ ʠ 

ʤʦʞʝʪ ʦʛʨʘʥʠʯʠʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʩʝʛʦ ʧʨʦʮʝʩʩʘ ʘʙʩʦʨʙʮʠʠ. ɹʦʣʴʰʠʥʩʪʚʦ ʃʉ 

ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʤʝʤʙʨʘʥʳ ʧʫʪʝʤ ʧʘʩʩʠʚʥʦʡ ʜʠʬʬʫʟʠʠ, ʝʩʪʝʩʪʚʝʥʥʦʛʦ ʧʨʦʮʝʩʩʘ 

ʧʨʠ ʢʦʪʦʨʦʤ ʤʦʣʝʢʫʣʳ ʧʝʨʝʤʝʱʘʶʪʩʷ ʧʦ ʛʨʘʜʠʝʥʪʫ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʥʝ ʪʨʝʙʫʶʪ 

ʟʘʪʨʘʪʳ ʵʥʝʨʛʠʠ ʥʘ ʪʘʢʦʝ ʧʝʨʝʤʝʱʝʥʠʝ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʯʝʤ ʚʳʰʝ ʢʦʥʮʝʥʪʨʘʮʠʷ 

ʤʦʣʝʢʫʣ ʃʉ ʚ ʤʝʩʪʝ ʘʙʩʦʨʙʮʠʠ, ʪʝʤ ʙʦʣʴʰʝ ʤʦʣʝʢʫʣ ʜʦʩʪʠʛʥʝʪ ʢʨʦʚʦʪʦʢʘ. 

ʅʝʢʦʪʦʨʳʝ ʃʉ ʣʝʛʢʦ ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ, ʘ ʥʝʢʦʪʦʨʳʝ ʩ ʪʨʫʜʦʤ. ʕʪʦ 

ʟʘʚʠʩʠʪ ʦʪ ʩʪʝʧʝʥʠ ʤʝʤʙʨʘʥʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʢʦʥʢʨʝʪʥʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ 
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ʤʦʣʝʢʫʣʳ. ʆʩʥʦʚʥʳʤʠ ʬʘʢʪʦʨʘʤʠ, ʚʣʠʷʶʱʠʤʠ ʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ, ʷʚʣʷʶʪʩʷ 

ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʤʦʣʝʢʫʣʳ, ʝʝ ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʠ ʟʘʨʷʜ. ʂʦʤʙʠʥʘʮʠʷ ʵʪʠʭ ʪʨʝʭ 

ʩʚʦʡʩʪʚ ʷʚʣʷʝʪʩʷ ʦʧʨʝʜʝʣʷʶʱʝʡ ʧʨʠ ʧʨʝʦʜʦʣʝʥʠʠ ʤʝʤʙʨʘʥʥʳʭ ʙʘʨʴʝʨʦʚ in vivo. 

ʊʘʢ, ʤʘʣʝʥʴʢʘʷ ʣʠʧʦʬʠʣʴʥʘʷ ʥʝ ʟʘʨʷʞʝʥʥʘʷ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʤʦʣʝʢʫʣʘ ʛʦʨʘʟʜʦ ʩ 

ʣʝʛʯʝ ʧʨʝʦʜʦʣʝʝʪ ʢʣʝʪʦʯʥʫʶ ʤʝʤʙʨʘʥʫ, ʯʝʤ ʙʦʣʴʰʘʷ ʛʠʜʨʦʬʠʣʴʥʘʷ ʠ ʠʤʝʶʱʘʷ 

ʟʘʨʷʜ (Katzung B. G. et al., 2015). ʂʨʦʤʝ ʩʚʦʡʩʪʚ ʩʘʤʦʡ ʤʦʣʝʢʫʣʳ ʦʯʝʥʴ ʙʦʣʴʰʦʡ 

ʚʢʣʘʜ ʚ ʘʙʩʦʨʙʮʠʶ ʃʉ ʚʥʦʩʷʪ ʩʚʦʡʩʪʚʘ ʩʘʤʦʡ ʤʝʤʙʨʘʥʳ, ʘ ʠʤʝʥʥʦ ʝʝ ʪʦʣʱʠʥʘ. 

ʇʦʜ ʵʪʦʡ ʚʝʣʠʯʠʥʦʡ ʧʦʥʠʤʘʶʪ ʨʘʩʩʪʦʷʥʠʝ, ʢʦʪʦʨʦʝ ʥʝʦʙʭʦʜʠʤʦ ʧʨʝʦʜʦʣʝʪʴ 

ʤʦʣʝʢʫʣʝ ʦʪ ʤʝʩʪʘ ʚʩʘʩʳʚʘʥʠʷ ʜʦ ʢʨʦʚʝʥʦʩʥʦʛʦ ʢʘʧʠʣʣʷʨʘ. ʏʝʤ ʢʦʨʦʯʝ ʵʪʦ 

ʨʘʩʩʪʦʷʥʠʝ, ʪʝʤ ʚʳʰʝ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʊʦʣʱʠʥʘ ʤʝʤʙʨʘʥ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ 

ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 0,005 ʜʦ 0,01 ʤʢʤ ʫ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥ ʠ ʜʦ ʥʝʩʢʦʣʴʢʠʭ 

ʤʠʣʣʠʤʝʪʨʦʚ ʥʘ ʥʝʢʦʪʦʨʳʭ ʫʯʘʩʪʢʘʭ ʢʦʞʥʦʛʦ ʧʦʢʨʦʚʘ. ʇʦʤʠʤʦ ʩʦʙʩʪʚʝʥʥʦ 

ʤʝʤʙʨʘʥʳ, ʚ ʩʪʨʫʢʪʫʨʝ ʙʘʨʴʝʨʘ ʧʨʝʦʜʦʣʝʚʘʝʤʦʛʦ ʤʦʣʝʢʫʣʘʤʠ ʃʉ ʧʨʠ ʘʙʩʦʨʙʮʠʠ, 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʩʝʛʜʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʜʘ. ʅʘ ʩʪʨʫʢʪʫʨʫ ʚʦʜʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ 

ʤʝʤʙʨʘʥʳ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʩʧʦʩʦʙʥʦʩʪʴ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʦʚʳʚʘʪʴ ʚʦʜʦʨʦʜʥʳʝ 

ʩʚʷʟʠ ʩ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɺ ʩʫʱʥʦʩʪʠ, ʥʠ ʦʜʥʘ ʤʦʣʝʢʫʣʘ ʥʝ ʘʜʩʦʨʙʠʨʫʝʪʩʷ ʥʘ 

ʧʦʚʝʨʭʥʦʩʪʠ ʛʨʘʬʠʪʘ, ʧʦʩʢʦʣʴʢʫ ʦʥ ʷʚʣʷʝʪʩʷ ʘʙʩʦʣʶʪʥʦ ʛʠʜʨʦʬʦʙʥʳʤ. 

ʉʘʤʦʘʩʩʦʮʠʘʮʠʷ ʤʦʣʝʢʫʣ ʚʦʜʳ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʟʥʘʯʠʪʝʣʴʥʦ ʩʠʣʴʥʝʝ, ʯʝʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩ ʛʠʜʨʦʬʦʙʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʕʪʦʪ ʬʝʥʦʤʝʥ ʘʥʘʣʦʛʠʯʝʥ 

ʛʠʜʨʦʬʦʙʥʦʤʫ ʵʬʬʝʢʪʫ, ʢʦʪʦʨʳʡ ʥʘʙʣʶʜʘʝʪʩʷ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʥʝ ʧʦʣʷʨʥʳʭ 

ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʚ ʚʦʜʝ. ʊʦʛʜʘ ʢʘʢ ʧʨʠ ʢʦʥʪʘʢʪʝ ʚʦʜʳ ʩ ʛʠʜʨʦʬʠʣʴʥʳʤʠ 

ʧʦʚʝʨʭʥʦʩʪʷʤʠ, ʥʘʧʨʠʤʝʨ ʤʘʪʝʨʠʘʣʘʤʠ ʥʘ ʦʩʥʦʚʝ ʢʨʝʤʥʠʷ, ʧʨʦʠʩʭʦʜʠʪ 

ʬʦʨʤʠʨʦʚʘʥʠʝ ʚʦʜʥʦʡ ʧʣʝʥʢʠ, ʚ ʢʦʪʦʨʦʡ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ 

ʚʦʜʳ ʯʘʩʪʠʯʥʦ ʟʘʤʝʱʘʶʪʩʷ ʩʚʷʟʷʤʠ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ ʠ ʧʦʚʝʨʭʥʦʩʪʴʶ. ɺ 

ʨʝʟʫʣʴʪʘʪʝ ʵʪʠʭ ʩʚʷʟʝʡ ʙʦʣʝʝ ʯʝʤ ʥʘ ʧʦʨʷʜʦʢ ʧʨʦʠʩʭʦʜʠʪ ʩʥʠʞʝʥʠʝ ʧʦʜʚʠʞʥʦʩʪʠ 

ʤʦʣʝʢʫʣ ʚʦʜʳ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʘʜʩʦʨʙʠʨʦʚʘʥʥʳʭ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ. ʊʘʢʦʡ ʚʦʜʥʳʡ 

ʩʣʦʡ ʚ ʪʦʣʱʠʥʫ ʥʝ ʧʨʝʚʳʰʘʝʪ ʧʘʨʳ ʤʦʣʝʢʫʣ ʚʦʜʳ. ʅʘ ʢʣʝʪʦʯʥʳʭ ʤʝʤʙʨʘʥʘʭ 

ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʩʚʷʟʘʥʳ ʩ ʬʦʩʬʦʣʠʧʠʜʘʤʠ, ʙʝʣʢʘʤʠ ʠ ʜʨʫʛʠʤʠ ʩʪʨʫʢʪʫʨʥʳʤʠ 

ʵʣʝʤʝʥʪʘʤʠ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʧʨʠʚʦʜʠʪ ʢ ʥʘʣʠʯʠʶ ʚʦʜʥʦʛʦ ʩʣʦʷ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 

1 ʥʤ, ʥʘʟʳʚʘʝʤʦʛʦ ʪʘʢʞʝ ʥʝʧʦʜʚʠʞʥʳʤ ʚʦʜʥʳʤ ʩʣʦʝʤ (UWL ï unstirred water 



20 
 

layer). ɺ ʩʣʫʯʘʝ ʩʣʠʟʠʩʪʦʛʦ ʵʧʠʪʝʣʠʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʩʣʠʟʠʩʪʳʝ ʢʣʝʪʢʠ, ʢʦʪʦʨʳʝ 

ʧʨʦʜʫʮʠʨʫʶʪ ʩʣʠʟʴ ï ʛʝʣʝʦʙʨʘʟʥʫʶ ʞʠʜʢʦʩʪʴ, ʩʦʩʪʦʷʱʫʶ ʠʟ ʚʦʜʳ (~95%) ʠ 

ʤʫʮʠʥʘ, ʪʦʣʱʠʥʘ ʅɺʉ ʤʦʞʝʪ ʙʳʪʴ ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʴʰʝ ʠ ʜʦʭʦʜʠʪʴ ʜʦ 100 ʤʢʤ. ɺ 

ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʩʣʠʟʠʩʪʳʝ ʩʣʦʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ, 

ʜʳʭʘʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ, ʦʙʣʘʩʪʝʡ ʥʦʩʦʛʣʦʪʢʠ ʠ ʛʦʨʪʘʥʠ, ʘ ʪʘʢʞʝ ʨʝʧʨʦʜʫʢʪʠʚʥʳʭ 

ʦʨʛʘʥʦʚ. ɺ ʫʩʣʦʚʠʷʭ in vitro, ʚ ʦʪʩʫʪʩʪʚʠʠ ʜʚʠʞʝʥʠʷ ʪʦʣʱʠʥʘ ʅɺʉ ʤʦʞʝʪ ʙʳʪʴ 

ʛʦʨʘʟʜʦ ʙʦʣʴʰʝʡ ʜʘʞʝ ʧʨʠ ʦʪʩʫʪʩʪʚʠʠ ʩʣʠʟʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʘʨʷʜʫ ʩ ʥʘʣʠʯʠʝʤ 

ʩʦʙʩʪʚʝʥʥʦ ʢʣʝʪʦʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʩʪʨʫʢʪʫʨʳ ʚʦʜʳ ʥʘ ʝʝ ʧʦʚʝʨʭʥʦʩʪʠ ʤʦʛʫʪ  ʠʤʝʪʴ 

ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʷʚʣʝʥʠʝ ʃʉ ʩʚʦʝʛʦ ʙʠʦʣʦʛʠʯʝʩʢʦʛʦ ʵʬʬʝʢʪʘ, ʚ ʪʦʤ 

ʯʠʩʣʝ ʠ ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʨʘʟʣʠʯʥʳʝ ʤʝʤʙʨʘʥʥʳʝ ʙʘʨʴʝʨʳ 

(Loftsson T. et al., 2007).    

ʆʜʥʠʤ ʠʟ ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʥʘʧʨʘʚʣʝʥʠʡ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʃʉ 

ʷʚʣʷʝʪʩʷ ʩʦʟʜʘʥʠʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ-ʚʢʣʶʯʝʥʠʡ 

ʧʦ ʪʠʧʫ çʛʦʩʪʴ-ʭʦʟʷʠʥè, ʛʜʝ ʚ ʢʘʯʝʩʪʚʝ çʭʦʟʷʠʥʘè ʚʳʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ ʚʝʱʝʩʪʚʘ, 

ʩʧʦʩʦʙʥʳʝ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʣʠʧʦʬʠʣʴʥʳʭ ʧʦʣʦʩʪʝʡ, ʘ ʚ ʢʘʯʝʩʪʚʝ çʛʦʩʪʷè 

ʠʩʧʦʣʴʟʫʶʪ ʫʞʝ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʤʦʣʝʢʫʣʳ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʃʉ ʠ ʤʦʣʝʢʫʣʘʤʠ çʛʦʩʪʷè ʥʝ ʦʙʨʘʟʫʝʪʩʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ, ʘ 

ʣʠʰʴ ʚʦʜʦʨʦʜʥʳʝ ʠ ɺʘʥ-ʜʝʨ-ʚʘʣʴʩʦʚʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ. ʊʘʢʘʷ ʩʣʘʙʷ ʩʚʷʟʴ ʥʝ 

ʪʨʝʙʫʝʪ ʙʦʣʴʰʠʭ ʟʘʪʨʘʪ ʵʥʝʨʛʠʠ ʥʘ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʤʦʣʝʢʫʣʳ ʃʉ ʠʟ ʤʦʣʝʢʫʣʳ 

çʭʦʟʷʠʥʘè, ʪʝʤ ʩʘʤʳʤ ʦʙʝʩʧʝʯʠʚʘʝʪʩʷ ʙʳʩʪʨʘʷ ʜʠʩʩʦʮʠʘʮʠʷ ʪʘʢʠʭ ʩʠʩʪʝʤ ʩ 

ʧʦʩʣʝʜʫʶʱʝʡ ʘʙʩʦʨʙʮʠʝʡ ʃʉ. ɺ ʢʘʯʝʩʪʚʝ çʭʦʟʷʠʥʘè ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ 

ʚʝʱʝʩʪʚʘ ʧʨʠʨʦʜʥʦʛʦ ʠ ʥʝ ʧʨʠʨʦʜʥʦʛʦ ʧʨʦʠʩʭʦʞʜʝʥʠʷ: ʧʦʣʠʩʘʭʘʨʠʜʳ, ʧʦʣʠʤʝʨʳ, 

ʣʠʧʦʩʦʤʳ, ʥʘʥʦʩʬʝʨʳ, ʤʠʢʨʦʩʬʝʨʳ, ʤʠʮʝʣʣʳ (Arima H. et al., 2015). ɺʩʝ 

ʚʝʱʝʩʪʚʘ, ʠʩʧʦʣʴʟʫʝʤʳʝ ʜʣʷ ʜʦʩʪʘʚʢʠ ʃʉ ʚ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ ʜʦʣʞʥʳ ʙʳʪʴ ʥʝ 

ʪʦʢʩʠʯʥʳʤʠ, ʙʠʦʩʦʚʤʝʩʪʠʤʳʤʠ ʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤʠ ʠ ʥʝ ʚʳʟʳʚʘʪʴ ʠʤʤʫʥʥʦʛʦ 

ʦʪʚʝʪʘ (Bonnet V. et al., 2015).  

ʉʨʝʜʠ ʚʩʝʭ ʧʨʠʨʦʜʥʳʭ ʧʦʣʠʤʝʨʦʚ ʧʦʣʠʩʘʭʘʨʠʜʳ ʷʚʣʷʶʪʩʷ ʥʘʠʙʦʣʝʝ 

ʠʥʪʝʨʝʩʥʳʤʠ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʝʡ ʃʉ ʚʚʠʜʫ ʩʚʦʝʡ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʠ, ʛʠʜʨʦʬʠʣʴʥʦʩʪʠ, ʭʦʨʦʰʝʡ ʩʪʘʙʠʣʴʥʦʩʪʠ, ʙʝʟʦʧʘʩʥʦʩʪʠ, ʥʝ 

ʪʦʢʩʠʯʥʦʩʪʠ ʠ ʘʜʛʝʟʠʚʥʳʤ ʩʚʦʡʩʪʚʘʤ (Liu Z. et al., 2008).   
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1.1. ʎʠʢʣʦʜʝʢʩʪʨʠʥʳ. 

 

ʎɼ ʙʳʣʠ ʚʧʝʨʚʳʝ ʦʪʢʨʳʪʳ ʙʦʣʝʝ 100 ʣʝʪ ʥʘʟʘʜ (Lakkakula R. J. et al., 2014). 

ʆʜʥʘʢʦ, ʪʦʣʴʢʦ ʣʠʰʴ ʥʝʜʘʚʥʦ ʦʥʠ ʩʪʘʣʠ ʜʦʩʪʫʧʥʳ ʚ ʚʠʜʝ ʦʯʠʱʝʥʥʳʭ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʭ ʩʫʙʩʪʘʥʮʠʡ. ʂ ʥʘʩʪʦʷʱʝʤʫ ʚʨʝʤʝʥʠ, ʥʘ ʤʠʨʦʚʦʤ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʨʳʥʢʝ ʜʦʩʪʫʧʥʦ ʙʦʣʝʝ 30 ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʎɼ. 

ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʘʷ ʠʥʜʫʩʪʨʠʷ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʝʪ ʎɼ ʚ ʢʘʯʝʩʪʚʝ 

ʢʦʤʧʣʝʢʩʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʜʣʷ ʧʦʚʳʰʝʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʣʦʭʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʃʉ, ʧʦʚʳʰʝʥʠʷ ʠʭ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʠ ʩʪʘʙʠʣʴʥʦʩʪʠ. ʅʘ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʨʳʥʢʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʛʦʪʦʚʳʭ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʧʨʝʧʘʨʘʪʦʚ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎɼ (ʪʘʙʣʠʮʘ 1). ʂʨʦʤʝ ʵʪʦʛʦ, ʎɼ 

ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʩʥʠʞʝʥʠʷ ʫʣʴʮʝʨʦʛʝʥʥʦʛʦ ʵʬʬʝʢʪʘ ʃʉ, 

ʧʨʝʚʨʘʱʝʥʠʷ ʞʠʜʢʦʛʦ ʃʉ ʚ ʤʠʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʠʣʠ ʘʤʦʨʬʥʳʡ ʧʦʨʦʰʦʢ, ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ, ʜʦʩʪʘʚʢʠ ʥʫʢʣʝʠʥʦʚʳʭ ʢʠʩʣʦʪ, 

ʧʝʧʪʠʜʦʚ, ʛʦʨʤʦʥʦʚ, ʢʠʩʣʦʨʦʜʘ (Lakkakula R. J. et al., 2014; Cometti B. 2015). 

ʎɼ ʵʪʦ ʧʨʠʨʦʜʥʳʝ ʮʠʢʣʠʯʝʩʢʠʝ ʦʣʠʛʦʩʘʭʘʨʠʜʳ ʩ ʛʠʜʨʦʬʠʣʴʥʦʡ ʚʥʝʰʥʝʡ 

ʧʦʚʝʨʭʥʦʩʪʴʶ ʠ ʣʠʧʦʬʠʣʴʥʦʡ ʮʝʥʪʨʘʣʴʥʦʡ ʧʦʣʦʩʪʴʶ. ʆʥʠ ʩʦʩʪʦʷʪ ʠʟ (Ŭ-1,4-)-

ʩʚʷʟʘʥʥʳʭ Ŭ-D-ʛʣʶʢʦʧʠʨʘʥʦʟʥʳʭ ʝʜʠʥʠʮ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʵʪʠʭ 

ʝʜʠʥʠʮ ʤʝʞʜʫ ʩʦʙʦʡ ʬʦʨʤʠʨʫʝʪʩʷ ʩʪʨʫʢʪʫʨʘ, ʥʘʧʦʤʠʥʘʶʱʘʷ ʫʩʝʯʝʥʥʳʡ ʢʦʥʫʩ, ʚ 

ʢʦʪʦʨʦʤ ʚʪʦʨʠʯʥʳʝ ʛʠʜʨʦʢʩʠ ʛʨʫʧʧʳ ʚʳʩʪʫʧʘʶʪ ʥʘʨʫʞʫ ʚ ʙʦʣʝʝ ʰʠʨʦʢʦʡ ʯʘʩʪʠ, ʘ 

ʧʝʨʚʠʯʥʳʝ ʛʠʜʨʦʢʩʠ ʛʨʫʧʧʳ ʚ ʫʟʢʦʡ. 

ʊʘʢʦʝ ʩʪʨʦʝʥʠʝ ʦʙʝʩʧʝʯʠʚʘʝʪ ʛʠʜʨʦʬʠʣʴʥʦʩʪʴ ʚʥʝʰʥʝʡ ʧʦʚʝʨʭʥʦʩʪʠ, ʪʦʛʜʘ 

ʢʘʢ ʣʠʧʦʬʠʣʴʥʦʩʪʴ ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʩʨʘʚʥʠʤʘ ʩ ʚʦʜʥʳʤ ʨʘʩʪʚʦʨʦʤ ʵʪʘʥʦʣʘ 

(Frºmming K.-H. et al., 1994). ʅʘʠʙʦʣʝʝ ʯʘʩʪʦ ʚʩʪʨʝʯʘʶʱʠʝʩʷ ʧʨʠʨʦʜʥʳʝ ʎɼ 

ʩʦʩʪʦʷʪ ʠʟ 6 (Ŭ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ), 7 (ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ) ʠ 8 (ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ) 

ʛʣʶʢʦʧʠʨʘʥʦʟʥʳʭ ʝʜʠʥʠʮ. ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʨʠʨʦʜʥʳʝ ʎɼ ʠ ʠʭ ʢʦʤʧʣʝʢʩʳ 

ʛʠʜʨʦʬʠʣʴʥʳ, ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʚʝʩʴʤʘ ʦʛʨʘʥʠʯʝʥʘ, ʦʩʦʙʝʥʥʦ ʵʪʦ 

ʭʘʨʘʢʪʝʨʥʦ ʜʣʷ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ. 
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ʊʘʙʣʠʮʘ 2 ï ɻʦʪʦʚʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎɼ 

(Loftsson T. et al., 2010)  

 

  

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʵʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ ʜʦʩʪʘʪʦʯʥʦ ʩʠʣʴʥʳʝ ʩʚʷʟʠ ʤʝʞʜʫ 

ʤʦʣʝʢʫʣʘʤʠ ʎɼ ʚ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʩʦʩʪʦʷʥʠʠ (Loftsson T. et al., 1996). 

ʇʨʦʠʟʚʦʣʴʥʦʝ ʟʘʤʝʱʝʥʠʝ ʛʠʜʨʦʢʩʠ ʛʨʫʧʧ, ʜʘʞʝ ʥʘ ʛʠʜʨʦʬʦʙʥʳʝ ʦʩʪʘʪʢʠ, 

ʥʘʧʨʠʤʝʨ ʤʝʪʦʢʩʠ-ʛʨʫʧʧʳ, ʧʨʠʚʦʜʠʪ ʢ ʟʥʘʯʠʪʝʣʴʥʦʤʫ ʫʣʫʯʰʝʥʠʶ ʠʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ. ʆʩʥʦʚʥʦʡ ʧʨʠʯʠʥʦʡ ʫʣʫʯʰʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʧʦʩʣʝ 

ʪʘʢʦʛʦ ʟʘʤʝʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʨʝʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʎɼ ʚ ʘʤʦʨʬʥʫʶ ʩʤʝʩʴ 

ʠʟʦʤʝʨʥʳʭ ʧʨʦʠʟʚʦʜʥʳʭ. 
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ʈʠʩʫʥʦʢ 1 ï ʉʪʨʫʢʪʫʨʘ ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ. 

 

 

    

ʆʩʥʦʚʥʳʤʠ ʧʨʦʠʟʚʦʜʥʳʤʠ ʎɼ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʤʠ ʠʥʪʝʨʝʩ ʜʣʷ 

ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʠʥʜʫʩʪʨʠʠ ʷʚʣʷʶʪʩʷ: ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ ʧʨʦʠʟʚʦʜʥʳʝ ɓ- ʠ ɔ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ, ʧʨʦʠʟʚʦʣʴʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʳʡ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ, 

ʩʫʣʴʬʦʙʫʪʠʣʵʬʠʨ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʠ, ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ, ʨʘʟʚʝʪʚʣʝʥʥʳʝ ʎɼ, ʢʘʢ 

ʛʣʶʢʦʟʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ (Loftsson T. et al., 2005). 

ʄʦʣʝʢʫʣʳ ʎɼ ʠʤʝʶʪ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʦʡ ʨʘʟʤʝʨ (ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ 

ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 1000 ʜʦ 2000 ɼʘʣʴʪʦʥ) ʩ ʙʦʣʴʰʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʦʥʦʨʦʚ 

ʠ ʘʢʮʝʧʪʦʨʦʚ ʚʦʜʦʨʦʜʘ ʠ, ʚʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʧʣʦʭʦ ʘʙʩʦʨʙʠʨʫʶʪʩʷ ʯʝʨʝʟ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ. ɺ ʦʪʣʠʯʠʝ ʦʪ ɔ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʧʨʠʨʦʜʥʳʝ Ŭ- ʠ ɓ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ ʥʝ ʛʠʜʨʦʣʠʟʫʶʪʩʷ ʯʝʣʦʚʝʯʝʩʢʦʡ ʩʣʶʥʦʡ ʠ ʘʤʠʣʘʟʘʤʠ 

ʧʦʜʞʝʣʫʜʦʯʥʦʡ ʞʝʣʝʟʳ (Evaluation of certain food additives and contaminants 2002), 

ʥʦ ʚʩʝ ʪʨʠ ʧʦʜʚʝʨʛʘʶʪʩʷ ʬʝʨʤʝʥʪʘʮʠʠ ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ. ʇʨʠʨʦʜʥʳʝ ʠ 

ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʥʳʝ ʎɼ,  ʥʝ ʪʦʢʩʠʯʥʳ, ʪʘʢ ʃɼ50 ʜʣʷ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ 
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ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʤʳʰʘʤ, ʢʨʳʩʘʤ ʠ ʩʦʙʘʢʘʤ ʧʨʝʚʳʰʘʝʪ 12,5, 18,8 ʠ 5 

ʛ/ʢʛ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Irie T. et al., 1997). ʆʜʥʘʢʦ, ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʩʧʦʩʦʙʝʥ 

ʠʥʛʠʙʠʨʦʚʘʪʴ ʘʤʠʣʘʟʳ ʤʣʝʢʦʧʠʪʘʶʱʠʭ, ʪʝʤ ʩʘʤʳʤ ʧʨʝʚʨʘʱʘʷ ʧʝʨʝʚʘʨʠʚʘʝʤʳʝ 

ʢʨʘʭʤʘʣʳ ʚ ʥʝ ʧʝʨʝʚʘʨʠʚʘʝʤʳʝ ʚʝʱʝʩʪʚʘ. ʉʦʛʣʘʩʥʦ ʧʨʦʚʝʜʝʥʥʳʤ ʚ ʪʝʯʝʥʠʝ 52 

ʥʝʜʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷʤ, ʙʳʣʠ ʫʩʪʘʥʦʚʣʝʥʳ ʧʨʝʜʝʣʴʥʳʝ ʜʦʟʠʨʦʚʢʠ ʜʣʷ ʢʨʳʩ ʠ 

ʩʦʙʘʢ, ʙʝʟʦʧʘʩʥʳʝ ʜʣʷ ʝʞʝʜʥʝʚʥʦʛʦ ʚʚʝʜʝʥʠʷ: <600 ʤʛ/ʢʛ ʠ <1800 ʤʛ/ʢʛ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ (Bellringer M. E. et al., 1995). ɻʠʜʨʦʢʩʠʧʨʦʧʠʣ-ʟʘʤʝʱʝʥʥʳʡ ɓ-

ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʙʳʣ ʠʟʫʯʝʥ ʚ ʭʦʜʝ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʧʳʪʘʥʠʡ, ʛʜʝ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, 

ʯʪʦ ʚ ʜʦʟʘʭ 16-24 ʛ ʚ ʜʝʥʴ per os ʦʥ ʚʳʟʳʚʘʝʪ ʜʠʘʨʝʶ. ʅʘ ʦʩʥʦʚʘʥʠʠ ʵʪʠʭ ʜʘʥʥʳʭ 

ʙʳʣʦ ʨʝʢʦʤʝʥʜʦʚʘʥʦ ʥʝ ʧʨʝʚʳʰʘʪʴ ʩʫʪʦʯʥʫʶ ʜʦʟʫ ʚ 16 ʛʨʘʤʤ (Irie T. et al., 1997). 

ʇʨʠʨʦʜʥʳʝ ʎɼ ʠ ʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ ʩʦʩʪʘʚʝ ʩʨʝʜʩʪʚ ʜʣʷ ʤʝʩʪʥʦʛʦ ʠ 

ʧʝʨ ʦʨʘʣʴʥʦʛʦ ʧʨʠʤʝʥʝʥʠʷ, ʥʦ ʣʠʰʴ Ŭ -ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʠ ʛʠʜʨʦʬʠʣʴʥʳʝ 

ʧʨʦʠʟʚʦʜʥʳʝ ɓ- ʠ ɔ- ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʚ ʤʦʛʫʪ ʙʳʪʴ ʚʚʝʜʝʥʳ ʚ ʩʦʩʪʘʚ 

ʧʘʨʝʥʪʝʨʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ. ɔ- ʮʠʢʣʦʜʝʢʩʪʨʠʥ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ 

ʦʙʨʘʟʫʝʪ ʚʠʜʠʤʳʝ ʘʛʨʝʛʘʪʳ ʠ, ʪʝʤ ʩʘʤʳʤ, ʩʪʘʥʦʚʠʪʩʷ ʥʝ ʧʨʠʛʦʜʥʳʤ ʜʣʷ 

ʧʘʨʝʥʪʝʨʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ (Szente L. et al., 1998). ɓ-ʎɼ ʥʝ ʤʦʞʝʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʧʘʨʝʥʪʝʨʘʣʴʥʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ ʚʚʠʜʫ ʩʚʦʝʡ 

ʥʝʬʨʦʪʦʢʩʠʯʥʦʩʪʠ. ʃʠʧʦʬʠʣʴʥʳʝ ʧʨʦʠʟʚʦʜʥʳʝ ʎɼ, ʢʘʢ ʥʘʧʨʠʤʝʨ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ʎɼ, ʚ ʥʝʢʦʪʦʨʦʤ ʢʦʣʠʯʝʩʪʚʝ ʘʙʩʦʨʙʠʨʫʶʪʩʷ ʠʟ ɾʂʊ ʚ 

ʩʠʩʪʝʤʥʳʡ ʢʨʦʚʦʪʦʢ ʠ, ʢʘʢ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʘʚʪʦʨʘʤʠ (Irie T. et al., 1997), ʷʚʣʷʶʪʩʷ 

ʪʦʢʩʠʯʥʳʤʠ ʧʨʠ ʧʘʨʝʥʪʝʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʦʨʘʣʴʥʦʝ 

ʧʨʠʤʝʥʝʥʠʝ ʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ɓ-ʎɼ ʦʛʨʘʥʠʯʝʥʦ ʝʛʦ ʚʦʟʤʦʞʥʳʤʠ ʪʦʢʩʠʯʝʩʢʠʤʠ 

ʵʬʬʝʢʪʘʤʠ. ɺʩʝ ʪʨʠ ʧʨʠʨʦʜʥʳʭ ʎɼ ʚʢʣʶʯʝʥʳ ʚ ʥʘʮʠʦʥʘʣʴʥʳʝ ʬʘʨʤʘʢʦʧʝʠ ʉʐɸ, 

ɽʉ, ʘ ʪʘʢʞʝ ʦʜʦʙʨʝʥʳ FDA (food and drug administration, ʉʐɸ) ʚ ʢʘʯʝʩʪʚʝ 

ʧʠʱʝʚʳʭ ʜʦʙʘʚʦʢ. 

ɺ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʎɼ ʩʧʦʩʦʙʥʳ ʦʙʨʘʟʦʚʳʚʘʪʴ ʢʦʤʧʣʝʢʩʳ-ʚʢʣʶʯʝʥʠʷ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʃʉ ʧʫʪʝʤ ʟʘʭʚʘʪʘ ʚʦ ʚʥʫʪʨʝʥʥʶʶ ʧʦʣʦʩʪʴ ʤʦʣʝʢʫʣʳ ʃʉ ʠʣʠ, ʯʘʱʝ 

ʚʩʝʛʦ, ʥʝʢʦʪʦʨʦʡ ʣʠʧʦʬʠʣʴʥʦʡ ʝʝ ʯʘʩʪʠ. ɺ ʧʨʦʮʝʩʩʝ ʪʘʢʦʛʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ 

ʥʝ ʧʨʦʠʩʭʦʜʠʪ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʣʠ ʨʘʟʨʫʰʝʥʠʷ ʢʦʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ. ʄʦʣʝʢʫʣʳ ʃʉ 
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ʚ ʪʘʢʦʤ ʢʦʤʧʣʝʢʩʝ ʥʘʭʦʜʷʪʩʷ ʚ ʙʳʩʪʨʦʤ ʨʘʚʥʦʚʝʩʠʠ ʩʦ ʩʚʦʙʦʜʥʳʤʠ ʤʦʣʝʢʫʣʘʤʠ ʚ 

ʨʘʩʪʚʦʨʝ.  

 

ʈʠʩʫʥʦʢ 2 ï ʄʝʭʘʥʠʟʤ ʫʚʝʣʠʯʝʥʠʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʃʉ ʠʟ ʢʦʤʧʣʝʢʩʘ ʩ 

ʎɼ (Loftsson T. et al., 2005). 

 

 

ɼʚʠʞʫʱʠʝ ʩʠʣʳ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʠʟ 

ʚʥʫʪʨʝʥʥʝʡ ʧʦʣʦʩʪʠ ʎɼ ʤʦʣʝʢʫʣ ʚʦʜʳ, ʙʦʛʘʪʳʭ ʵʥʪʘʣʴʧʠʝʡ; ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʝ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; ʚʘʥ-ʜʝʨ-ɺʘʘʣʴʩʦʚʳʝ ʠ ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 

ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ; ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʢʦʥʬʦʨʤʘʮʠʦʥʥʦʡ ʮʝʧʠ ʠ ʧʝʨʝʥʦʩ ʟʘʨʷʜʘ 

(Loftsson T. et al., 1996; Liu L. et al., 2002). ʏʘʱʝ ʚʩʝʛʦ ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ ʦʙʨʘʟʫʶʪ 

ʢʦʤʧʣʝʢʩʳ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ ʤʦʣʝʢʫʣ ʃʉ ʢ ʤʦʣʝʢʫʣʘʤ ʎɼ ʨʘʚʥʳʤ 1:1, ʦʜʥʘʢʦ, 

ʤʦʛʫʪ ʬʦʨʤʠʨʦʚʘʪʴʩʷ ʠ ʢʦʤʧʣʝʢʩʳ ʩ ʩʦʦʪʥʦʰʝʥʠʝʤ 1:2 (Brewster M. E. et al., 

1999). ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʃʉ:ʎɼ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ: 

ʨʘʩʪʚʦʨʝʥʠʝ, ʢʦʧʨʝʮʠʧʠʪʘʮʠʷ, ʥʝʡʪʨʘʣʠʟʘʮʠʷ, ʩʫʩʧʝʥʜʠʨʦʚʘʥʠʝ, ʧʝʨʝʤʝʰʠʚʘʥʠʝ 

ʠ ʧʝʨʝʤʘʣʳʚʘʥʠʝ (Hirayama F. et al., 1987; Hedges A. R. et al., 1998). ɺ 

ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ ʜʣʷ ʫʩʧʝʰʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʦʚ ʥʝʦʙʭʦʜʠʤʦ ʥʘʣʠʯʠʝ 

ʥʝʢʦʪʦʨʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʚʦʜʳ. ɺ ʨʘʩʪʚʦʨʝ ʢʦʤʧʣʝʢʩʳ ʦʙʳʯʥʦ ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ 

ʜʦʙʘʚʣʝʥʠʷ ʠʟʙʳʪʢʘ ʃʉ ʢ ʚʦʜʥʦʤʫ ʨʘʩʪʚʦʨʫ ʎɼ. ʇʦʣʫʯʝʥʥʘʷ ʩʫʩʧʝʥʟʠʷ 
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ʫʨʘʚʥʦʚʝʰʠʚʘʝʪʩʷ ʧʨʠ ʦʧʨʝʜʝʣʝʥʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ (ʚ ʪʝʯʝʥʠʝ 1 ʥʝʜʝʣʠ ʠʣʠ 

ʤʝʥʴʰʝ) ʠ ʟʘʪʝʤ ʬʠʣʴʪʨʫʝʪʩʷ/ʮʝʥʪʨʠʬʫʛʠʨʫʝʪʩʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʯʠʩʪʦʛʦ ʨʘʩʪʚʦʨʘ 

ʃʉ:ʎɼ. ɼʣʷ ʧʦʣʫʯʝʥʠʷ ʢʦʤʧʣʝʢʩʘ ʚ ʪʚʝʨʜʦʡ ʬʦʨʤʝ, ʚʦʜʘ ʠʟ ʚʦʜʥʦʛʦ ʨʘʩʪʚʦʨʘ 

ʢʦʤʧʣʝʢʩʘ ʫʜʘʣʷʝʪʩʷ ʠʩʧʘʨʝʥʠʝʤ (ʥʘʧʨʠʤʝʨ, ʩʫʰʢʘ ʨʘʩʧʳʣʝʥʠʝʤ) ʠʣʠ 

ʩʫʙʣʠʤʘʮʠʝʡ (ʥʘʧʨʠʤʝʨ, ʣʠʦʬʠʣʠʟʘʮʠʝʡ). ʇʦ ʨʘʟʥʳʤ ʧʨʠʯʠʥʘʤ, ʢʘʢ ʥʘʧʨʠʤʝʨ, 

ʩʦʙʣʶʜʝʥʠʝ ʠʟʦʪʦʥʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʨʘʩʪʚʦʨʦʚ ʜʣʷ ʧʘʨʝʥʪʝʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʠʣʠ 

ʦʙʱʝʛʦ ʦʙʲʝʤʘ ʪʚʸʨʜʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʥʝʦʙʭʦʜʠʤʦ ʢʘʢ ʤʦʞʥʦ ʚ ʤʝʥʴʰʝʤ 

ʢʦʣʠʯʝʩʪʚʝ ʚʢʣʶʯʘʪʴ ʎɼ ʚ ʛʦʪʦʚʫʶ ʃʌ. ʇʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʤʝʪʦʜʳ ʜʣʷ 

ʫʣʫʯʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ (Loftsson T. et al., 1999ʙ; 

Loftsson T. et al., 2012). ʂ ʥʠʤ ʦʪʥʦʩʷʪʩʷ ʜʦʙʘʚʣʝʥʠʝ ʧʦʣʠʤʝʨʦʚ ʚ 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʫʶʱʫʶ ʩʨʝʜʫ (Loftsson T. et al., 2004), ʠʦʥʠʟʘʮʠʷ ʃʉ, ʦʙʨʘʟʦʚʘʥʠʝ 

ʩʦʣʝʡ (Krishnamoorthy R. et al., 1996; Redenti E. et al., 2001), ʜʦʙʘʚʣʝʥʠʝ ʢ ʩʨʝʜʝ 

ʛʠʜʨʦʢʩʠ ʢʘʨʙʦʢʩʠʣʦʚʳʭ ʢʠʩʣʦʪ (Redenti E. et al., 2000), ʣʝʪʫʯʠʭ ʢʠʩʣʦʪ ʠʣʠ 

ʦʩʥʦʚʘʥʠʡ (Loftsson T. et al., 2004ʙ), ʦʨʛʘʥʠʯʝʩʢʠʭ ʩʦʣʝʡ (Loftsson T. et al., 2003ʘ), 

ʠ ʢʦʩʦʣʴʚʝʥʪʦʚ (Li  P. et al., 1998). ʆʜʥʘʢʦ, ʜʘʞʝ ʚ ʠʜʝʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ, 

ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʝ ʩ ʎɼ ʧʨʠʚʦʜʠʪ ʢ ʯʝʪʳʨʝʭʢʨʘʪʥʦʤʫ ʫʚʝʣʠʯʝʥʠʶ ʤʘʩʩʳ 

ʪʚʝʨʜʦʡ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʳ (Loftsson T. et al., 1999ʙ).     

ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʎɼ (ʥʘʧʨʠʤʝʨ, ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʜʦʥʦʨʦʚ ʠ 

ʘʢʮʝʧʪʦʨʦʚ ʚʦʜʦʨʦʜʘ), ʠʭ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʠ ʦʯʝʥʴ ʥʠʟʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚ ʩʤʝʩʠ ʦʢʪʘʥʦʣ/ʚʦʜʘ (ʧʨʠʙʣʠʟʠʪʝʣʴʥʦ, logPo/w ʥʘʭʦʜʠʪʩʷ ʚ 

ʜʠʘʧʘʟʦʥʝ ʦʪ -3 ʜʦ 0) ʥʝ ʩʧʦʩʦʙʩʪʚʫʶʪ ʣʝʛʢʦʤʫ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʯʝʨʝʟ 

ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ (Amidon G. L. et al., 1995; Lipinski C. A. et al., 2001). 

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʛʠʜʨʦʬʠʣʴʥʳʭ ʎɼ ʠ ʃʉ:ʎɼ ʢʦʤʧʣʝʢʩʦʚ ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʪʘʢʠʝ 

ʣʠʧʦʬʠʣʴʥʳʝ ʤʝʤʙʨʘʥʳ, ʢʘʢ ʢʦʞʘ ʠ ʩʣʠʟʠʩʪʘʷ ɾʂʊ (Irie T. et al., 1999). ʉʚʦʙʦʜʥʦ 

ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ ʤʦʛʫʪ ʣʠʰʴ ʩʚʦʙʦʜʥʳʝ ʤʦʣʝʢʫʣʳ ʃʉ, 

ʥʘʭʦʜʷʱʠʝʩʷ ʚ ʨʘʚʥʦʚʝʩʠʠ ʩ ʢʦʤʧʣʝʢʩʦʤ ʃʉ:ʎɼ (Uekama K. et al., 1998). ʂʘʢ 

ʧʨʘʚʠʣʦ, ʎɼ ʥʝ ʫʩʠʣʠʚʘʶʪ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʛʠʜʨʦʬʠʣʴʥʳʭ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʭ ʃʉ 

ʯʝʨʝʟ ʣʠʧʦʬʠʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ, ʘ ʠʟʙʳʪʦʢ ʎɼ ʧʨʠʚʦʜʠʪ ʢ 

ʫʭʫʜʰʝʥʠ  ʁʧʨʦʥʠʮʘʝʤʦʩʪʠ ʃʉ ʯʝʨʝʟ ʤʝʤʙʨʘʥʫ (Loftsson T. et al., 2001ʙ; Loftsson 



27 
 

T. et al., 2003ʙ). ɹʫʜʫʪ ʎɼ ʫʩʠʣʠʚʘʪʴ ʠʣʠ ʫʭʫʜʰʘʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʃʉ ʯʝʨʝʟ 

ʙʠʦʣʦʛʠʯʝʩʢʫʶ ʤʝʤʙʨʘʥʫ ʟʘʚʠʩʠʪ ʦʪ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʃʉ (ʥʘʧʨʠʤʝʨ, 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ), ʩʦʩʪʘʚʘ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʳ (ʥʘʧʨʠʤʝʨ, ʚʦʜʥʘʷ ʠʣʠ ʥʝ 

ʚʦʜʥʘʷ) ʠ ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʩʪʨʦʝʥʠʷ ʤʝʤʙʨʘʥʥʦʛʦ ʙʘʨʴʝʨʘ (ʥʘʧʨʠʤʝʨ, ʥʘʣʠʯʠʝ 

ʚʦʜʥʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʩʣʦʷ). ɹʦʣʴʰʠʥʩʪʚʦ ʙʠʦʣʦʛʠʯʝʩʢʠʭ ʤʝʤʙʨʘʥ ʷʚʣʷʶʪʩʷ 

ʣʠʧʦʬʠʣʴʥʳʤʠ ʩ ʚʥʝʰʥʝʡ ʚʦʜʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʢʦʪʦʨʘʷ ʬʦʨʤʠʨʫʝʪ 

ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʡ ʚʦʜʥʳʡ ʩʣʦʡ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʤʝʤʙʨʘʥʳ. ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʜʣʷ 

ʘʙʩʦʨʙʮʠʠ ʃʉ ʥʘʣʠʯʠʝ ʪʘʢʦʛʦ ʩʣʦʷ ʷʚʣʷʝʪʩʷ ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʬʘʢʪʦʨʦʤ, ʎɼ 

ʩʧʦʩʦʙʥʳ ʫʩʠʣʠʪʴ ʠʭ ʧʨʦʥʠʮʘʝʤʦʩʪʴ. ʆʜʥʘʢʦ, ʚ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʎɼ ʥʝ 

ʩʧʦʩʦʙʥʳ ʫʩʠʣʠʚʘʪʴ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʃʉ ʯʝʨʝʟ ʣʠʧʦʬʠʣʴʥʳʡ ʤʝʤʙʨʘʥʥʳʡ ʙʘʨʴʝʨ, 

ʘ ʠʟʙʳʪʦʢ ʎɼ ʧʨʠʚʦʜʠʪ ʢ ʥʘʨʫʰʝʥʠʶ ʘʙʩʦʨʙʮʠʠ (Loftsson T. et al., 2003ʙ). ʀʟ 

ʵʪʦʛʦ ʧʨʘʚʠʣʘ ʝʩʪʴ ʦʜʥʦ ʠʩʢʣʶʯʝʥʠʝ, ʣʠʧʦʬʠʣʴʥʳʝ ʎɼ, ʢʘʢ ʥʘʧʨʠʤʝʨ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ ɓ-ʎɼ, ʩʧʦʩʦʙʥʳ ʧʨʦʥʠʢʘʪʴ ʯʝʨʝʟ ʩʣʠʟʠʩʪʫʶ (ʥʘʧʨʠʤʝʨ, ʧʦʣʦʩʪʠ 

ʥʦʩʘ) ʠ ʫʣʫʯʰʘʪʴ ʘʙʩʦʨʙʮʠʶ ʃʉ ʧʫʪʝʤ ʦʩʣʘʙʣʝʥʠʷ ʙʘʨʴʝʨʥʦʡ ʬʫʥʢʮʠʠ 

ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʳ (Marttin E. et al., 1998). ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʥʝʦʙʭʦʜʠʤʦ 

ʩʪʨʦʛʦ ʢʦʥʪʨʦʣʠʨʦʚʘʪʴ ʢʦʣʠʯʝʩʪʚʦ ʎɼ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʝ, ʧʦʩʢʦʣʴʢʫ ʠʭ 

ʠʟʙʳʪʦʢ ʠʣʠ ʥʝʜʦʩʪʘʪʦʢ ʤʦʞʝʪ ʧʦʚʣʠʷʪʴ ʥʘ ʦʧʪʠʤʘʣʴʥʫʶ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʃʉ 

(Loftsson T. et al., 2005).   

 

ʇʝʨʦʨʘʣʴʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʩ ʎɼ. 

ʅʘʠʙʦʣʝʝ ʫʜʦʙʥʳʤʠ ʃʌ ʜʣʷ ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʪʝ, ʢʦʪʦʨʳʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʧʝʨʦʨʘʣʴʥʦ. ʇʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʚʚʝʜʝʥʠʷ ʜʦʩʪʠʛʘʝʪʩʷ ʤʘʢʩʠʤʘʣʴʥʳʡ ʢʦʤʧʣʘʝʥʩ ʠ 

ʢʦʤʬʦʨʪ ʙʦʣʴʥʳʭ, ʧʨʠʥʠʤʘʶʱʠʭ ʃʉ (Dhirendra K. et al., 2009; Sharma N. et al., 

2016). ɺ ʩʣʫʯʘʝ ʩ ʎɼ ʵʪʦʪ ʧʫʪʴ ʪʘʢʞʝ ʟʘʥʠʤʘʝʪ ʣʠʜʠʨʫʶʱʝʝ ʤʝʩʪʦ. ʂʘʢ ʧʨʘʚʠʣʦ, 

ʛʠʜʨʦʬʠʣʴʥʳʝ ʎɼ ʥʝ ʫʣʫʯʰʘʶʪ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʃʉ, ʦʪʥʦʩʷʱʠʭʩʷ ʢ I ʢʣʘʩʩʫ ɹʌʂ 

(Amidon G. L. et al., 1995). ʆʜʥʘʢʦ, ʎɼ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ 

ʣʦʢʘʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʜʝʡʩʪʚʠʡ ʠ ʧʦʚʳʰʝʥʠʷ ʩʪʝʧʝʥʠ ʘʙʩʦʨʙʮʠʠ ʃʉ. ɼʣʷ ʚʝʱʝʩʪʚ 

II  ʢʣʘʩʩʘ ʭʘʨʘʢʪʝʨʥʦ ʦʛʨʘʥʠʯʝʥʥʘʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ ʚʳʩʦʢʘʷ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʯʝʨʝʟ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʝ 

ʢʦʤʧʣʝʢʩʳ ʃʉ/ʎɼ ʙʫʜʫʪ ʫʣʫʯʰʘʪʴ ʜʠʬʬʫʟʠʶ ʃʉ ʯʝʨʝʟ ʚʦʜʥʳʡ ʩʣʦʡ, ʠ ʧʦʚʳʰʘʪʴ 
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ʠʭ ʘʙʩʦʨʙʮʠʶ ʩʣʠʟʠʩʪʦʡ ɾʂʊ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʃʉ ʵʪʦʛʦ 

ʢʣʘʩʩʘ ʩ ʎɼ ʧʨʠʚʝʜʝʪ ʢ ʫʣʫʯʰʝʥʠʶ ʠʭ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ʅʘ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ 

ʚʝʱʝʩʪʚ, ʦʪʥʦʩʷʱʠʝʩʷ ʢ III  ʢʣʘʩʩʫ ɹʌʂ, ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ ʎɼ ʥʝ ʦʢʘʟʳʚʘʝʪ 

ʟʥʘʯʠʪʝʣʴʥʦʛʦ ʚʣʠʷʥʠʷ. ʃʉ ʠʟ IV ʢʣʘʩʩʘ ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ ʠ ʩ ʪʨʫʜʦʤ 

ʧʨʦʥʠʢʘʶʪ ʯʝʨʝʟ ʣʠʧʦʬʠʣʴʥʳʝ ʙʠʦʣʦʛʠʯʝʩʢʠʝ ʤʝʤʙʨʘʥʳ. ʊʘʢʠʤʠ ʧʨʠʤʝʨʘʤʠ 

ʤʦʛʫʪ ʩʣʫʞʠʪʴ ʦʪʥʦʩʠʪʝʣʴʥʦ ʙʦʣʴʰʠʝ ʣʠʧʦʬʠʣʴʥʳʝ ʤʦʣʝʢʫʣʳ. ɺ ʩʣʫʯʘʝ 

ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʩ ʎɼ ʚʦʟʤʦʞʥʦ ʫʣʫʯʰʝʥʠʷ ʠʭ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ 

ʚʦʜʝ ʠ, ʢʘʢ ʩʣʝʜʩʪʚʠʝ, ʧʦʚʳʰʝʥʠʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ʇʦʤʠʤʦ ʩʨʝʜʩʪʚ ʫʞʝ 

ʚʳʚʝʜʝʥʥʳʭ ʥʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʡ ʨʳʥʦʢ, ʥʝ ʧʨʝʢʨʘʱʘʝʪʩʷ ʨʘʙʦʪʘ ʧʦ ʧʦʣʫʯʝʥʠʶ 

ʥʦʚʳʭ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʎɼ ʩ ʜʨʫʛʠʤʠ ʃʉ: ʧʦʟʘʢʦʥʘʟʦʣ ʩ ɓ-ʎɼ ʠ 

2,6-ʜʠ-ʆ-ʤʝʪʠʣ- ɓ-ʎɼ (Tang P. et al., 2016), ʨʦʢʩʠʪʨʦʤʠʮʠʥ ʩ ɓ-ʎɼ ʠ 

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ ɓ-ʎɼ ʚ ʩʦʩʪʘʚʝ ʥʘʥʦʯʘʩʪʠʮ ʠʟ ʧʦʣʠ ʣʘʢʪʦ-ʢʦ-ʛʣʠʢʦʣʝʚʦʡ ʢʠʩʣʦʪʳ 

(PLGA) (Masood F. et al., 2016),  ʨʘʣʦʢʩʠʬʝʥ ʩ ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ ɓ-ʎɼ ʚ ʚʠʜʝ ʩʫʭʦʡ 

ʩʫʩʧʝʥʟʠʠ (Lu R. et al., 2015), ʪʝʣʤʠʩʘʨʪʘʥ ʩ ɓ-ʎɼ (Aline P. et al., 2015), 

ʥʦʨʬʣʦʢʩʘʮʠʥ ʩ ɓ-ʎɼ (Mendes C. et al., 2015). 

 

ʇʦʜʲʷʟʳʯʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʩ ʎɼ.         

ʇʦʜʲʷʟʳʯʥʳʡ ʧʫʪʴ ʚʚʝʜʝʥʠʷ ʃʉ, ʷʚʣʷʝʪʩʷ ʦʜʥʠʤ ʠʟ ʩʘʤʳʭ ʵʬʬʝʢʪʠʚʥʳʭ 

ʩʧʦʩʦʙʦʚ ʠʟʙʝʞʘʪʴ ʵʬʬʝʢʪʘ ʧʝʨʚʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʚ ʧʝʯʝʥʠ (Harris D. et al., 1992). 

ʆʜʥʘʢʦ, ʜʣʷ ʪʦʛʦ ʯʪʦʙʳ ʧʨʦʥʠʢʥʫʪʴ ʚ ʩʠʩʪʝʤʥʳʡ ʢʨʦʚʦʪʦʢ, ʃʉ ʩʥʘʯʘʣʘ ʜʦʣʞʥʦ 

ʨʘʩʪʚʦʨʠʪʴʩʷ ʚ ʩʣʶʥʝ. ɺ ʨʦʪʦʚʦʡ ʧʦʣʦʩʪʠ ʩʦʜʝʨʞʠʪʩʷ ʥʝ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ 

ʩʣʶʥʥʦʡ ʞʠʜʢʦʩʪʠ ʠ ʧʦʵʪʦʤʫ ʵʪʦ ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʝ ʥʘ ʚʝʣʠʯʠʥʫ 

ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʳ, ʦʥʘ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʙʦʣʴʰʦʡ. ʂʨʦʤʝ ʵʪʦʛʦ ʚ ʪʘʢʠʭ ʃʌ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʧʨʠʤʝʥʷʶʪ ʨʘʟʣʠʯʥʳʝ ʫʩʠʣʠʪʝʣʠ ʨʘʩʪʚʦʨʠʤʦʩʪʠ.  

ɼʣʷ ʨʘʟʣʠʯʥʳʭ ʣʠʧʦʬʠʣʴʥʳʭ ʃʉ ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ ʩ 

ʎɼ ʧʨʠʚʦʜʠʪ ʢ ʧʦʚʳʰʝʥʠʶ ʠʭ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʢʦʤʧʣʝʢʩʠʨʦʚʘʥʠʝ 2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ ʩ 17ɓ-

ʵʩʪʨʘʜʠʦʣʦʤ, ʘʥʜʨʦʩʪʝʥʜʠʦʣʦʤ, ʢʣʦʤʠʧʨʘʤʠʥʦʤ ʠ ʜʘʥʘʟʦʣʦʤ (Hoon T. J. et al., 

1993; FriĦriksd·ttir H. et al., 1996; Brown G. A. et al., 2002; Yoo S. D. et al., 1999; 

Badawy S. I. F. et al., 1996). ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʩʣʫʯʘʝʚ, ʥʘʙʣʶʜʘʝʤʦʝ ʫʚʝʣʠʯʝʥʠʝ 



29 
 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʃʉ ʚ ʢʦʤʧʣʝʢʩʘʭ ʩ ʎɼ ʙʳʣʦ ʨʝʟʫʣʴʪʘʪʦʤ ʧʦʚʳʰʝʥʠʷ ʠʭ 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ. ʆʜʥʘʢʦ, ʥʝʣʴʟʷ ʠʩʢʣʶʯʘʪʴ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʎɼ ʥʘ ʩʣʠʟʠʩʪʫʶ ʧʦʣʦʩʪʠ ʨʪʘ ʚ ʢʘʯʝʩʪʚʝ 

ʫʩʠʣʠʪʝʣʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ. ʉ ʪʦʯʢʠ ʟʨʝʥʠʷ ʪʦʢʩʠʢʦʣʦʛʠʠ, ʎɼ ʚ ʚʠʜʝ ʧʦʜʲʷʟʳʯʥʦʡ 

ʃʌ ʦʯʝʥʴ ʙʣʠʟʦʢ ʢ ʧʝʨʦʨʘʣʴʥʦʡ ʬʦʨʤʝ, ʧʦʩʢʦʣʴʢʫ ʝʛʦ ʙʦʣʴʰʘʷ ʛʠʜʨʦʬʠʣʴʥʘʷ 

ʤʦʣʝʢʫʣʘ ʥʝ ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ʩʣʠʟʠʩʪʫʶ ʧʦʣʦʩʪʠ ʨʪʘ, ʘ ʧʨʦʛʣʘʪʳʚʘʝʪʩʷ ʠ 

ʧʦʩʪʫʧʘʝʪ ʚ ɾʂʊ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ ʎɼ ʚ ʧʦʜʲʷʟʳʯʥʳʭ ʃʌ ʩʫʱʝʩʪʚʫʝʪ ʦʜʥʦ 

ʦʛʨʘʥʠʯʝʥʠʝ, ʦʥʦ ʩʚʷʟʘʥʦ ʩ ʦʙʲʝʤʦʤ ʢʦʥʝʯʥʦʡ ʢʦʤʧʦʟʠʮʠʠ. ʗʨʢʠʤ ʧʨʠʤʝʨʦʤ 

ʵʪʦʤʫ ʩʣʫʞʠʪ ʨʘʟʨʘʙʦʪʢʘ ʢʦʤʧʣʝʢʩʘ ȹ
9
-ʪʝʪʨʘʛʠʜʨʦʢʘʥʥʘʙʠʥʦʣʘ ʩ 2-

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʦʤ. ʊʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʜʦʟʦʡ ȹ
9
-

ʪʝʪʨʘʛʠʜʨʦʢʘʥʥʘʙʠʥʦʣʘ ʷʚʣʷʝʪʩʷ 1 ʤʛ, ʜʣʷ ʦʙʨʘʟʦʚʘʥʠʷ ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ 

ʢʦʤʧʣʝʢʩʘ ʩ ʪʘʢʠʤ ʢʦʣʠʯʝʩʪʚʦʤ ʬʘʨʤʘʢʦʥʘ ʧʦʪʨʝʙʦʚʘʣʦʩʴ 400 ʤʛ 2-

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʯʪʦ ʷʚʣʷʝʪʩʷ ʯʨʝʟʤʝʨʥʳʤ ʢʦʣʠʯʝʩʪʚʦʤ ʜʣʷ 

ʩʫʙʣʠʥʛʚʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ. ʆʜʥʘʢʦ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʜʨʫʛʦʛʦ ʎɼ ï ʯʘʩʪʠʯʥʦ 

ʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ɓ-ʮʠʢʣʦʜʝʢʩʪʨʠʥʘ, ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʤʘʩʩʫ ʃʌ ʜʦ 25 ʛʨʘʤʤ, ʯʪʦ 

ʧʦʟʚʦʣʠʣʦ ʩʦʟʜʘʪʴ ʩʫʙʣʠʥʛʚʘʣʴʥʫʶ ʬʦʨʤʫ ȹ
9
-ʪʝʪʨʘʛʠʜʨʦʢʘʥʥʘʙʠʥʦʣʘ (Jªrvinen T. 

et al., 2003). 

 

ʅʘʟʘʣʴʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʩ ʎɼ 

ʅʘʟʘʣʴʥʳʡ ʧʫʪʴ ʚʚʝʜʝʥʠʷ ʃʉ, ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʠʤ ʩʧʦʩʦʙʦʤ ʠʟʙʝʞʘʪʴ 

ʵʬʬʝʢʪʘ ʧʝʨʚʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʧʝʯʝʥʴ (Behl C. R. et al., 1998). ʂʘʢ ʧʨʠ 

ʧʝʨʦʨʘʣʴʥʦʤ ʠʣʠ ʩʫʙʣʠʥʛʚʘʣʴʥʦʤ ʩʧʦʩʦʙʘʭ ʚʚʝʜʝʥʠʷʭ ʜʣʷ ʧʦʧʘʜʘʥʠʷ ʚ 

ʩʠʩʪʝʤʥʳʡ ʢʨʦʚʦʪʦʢ ʤʦʣʝʢʫʣʳ ʃʉ ʜʦʣʞʥʳ ʙʳʪʴ ʨʘʩʪʚʦʨʝʥʳ ʚ ʚʦʜʦʩʦʜʝʨʞʘʱʠʭ 

ʞʠʜʢʦʩʪʷʭ ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʠ. ʎɼ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʨʘʩʪʚʦʨʝʥʠʷ 

ʣʠʧʦʬʠʣʴʥʳʭ ʃʉ ʚ ʪʘʢʠʭ ʞʠʜʢʦʩʪʷʭ. ʆʜʥʘʢʦ, ʣʠʧʦʬʠʣʴʥʳʝ ʎɼ ʤʦʛʫʪ 

ʚʟʘʠʤʦʜʝʡʩʪʚʦʚʘʪʴ ʩ ʙʠʦʣʦʛʠʯʝʩʢʦʡ ʤʝʤʙʨʘʥʦʡ, ʫʩʠʣʠʚʘʷ ʧʨʠ ʵʪʦʤ 

ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʢʦʤʧʣʝʢʩʠʨʫʝʤʳʭ ʤʦʣʝʢʫʣ, ʚ ʦʩʦʙʝʥʥʦʩʪʠ ʧʝʧʪʠʜʦʚ (Marttin E. et 

al., 1998). ɼʣʷ ʥʘʟʘʣʴʥʦʡ ʜʦʩʪʘʚʢʠ ʃʉ ʯʘʱʝ ʚʩʝʛʦ ʠʩʧʦʣʴʟʫʶʪ ʤʝʪʠʣʠʨʦʚʘʥʥʳʝ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʳ, ʧʦʩʢʦʣʴʢʫ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʥʠ ʦʙʣʘʜʘʶʪ ʚʳʨʘʞʝʥʥʳʤ 

ʩʚʦʡʩʪʚʦʤ ʫʩʠʣʠʚʘʪʴ ʘʙʩʦʨʙʮʠʶ (Merkus F. W. H. M. et al., 1999). ʇʝʨʚʳʝ ʃʌ ʜʣʷ 
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ʥʘʟʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʥʘ ʦʩʥʦʚʝ ʎɼ ʩʦʜʝʨʞʘʣʠ ʩʪʝʨʦʠʜʥʳʝ ʛʦʨʤʦʥʳ ʠ ʧʝʧʪʠʜ  r

(Irie T. et al., 1992; Hermens W. A. et al., 1990; Matsubara K. et al., 1995; Kublik H. et 

al., 1996). ɹʳʣʠ ʧʦʣʫʯʝʥʳ ʤʥʦʛʦʦʙʝʱʘʶʱʠʝ ʨʝʟʫʣʴʪʘʪʳ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʚ 

ʢʦʤʧʦʟʠʮʠʷʭ, ʩʦʜʝʨʞʘʱʠʭ ʧʨʦʠʟʚʦʜʥʳʝ ʤʝʪʠʣʠʨʦʚʘʥʥʳʭ ʎɼ, ʛʜʝ ʫʜʘʣʦʩʴ ʚ ʪʨʠ 

ʨʘʟʘ ʧʦʚʳʩʠʪʴ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʧʨʦʛʝʩʪʝʨʦʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʝʛʦ ʩʫʩʧʝʥʟʠʝʡ 

(Schipper N. G. et al., 1990). ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʢʨʳʩʘʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʠʥʩʫʣʠʥʘ ʚʦʟʨʦʩʣʘ ʩ 0 ʜʦ 100% ʧʦʩʣʝ ʝʛʦ ʚʚʝʜʝʥʠʷ ʚ ʢʦʤʧʣʝʢʩʝ ʩ 

ʤʝʪʠʣʠʨʦʚʘʥʥʳʤʠ ʎɼ (Merkus F. W. et al., 1991). ʆʜʥʘʢʦ, ʧʨʠ ʧʦʩʣʝʜʫʶʱʠʭ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʙʦʣʝʝ ʥʠʟʢʘʷ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ 

ʠʥʩʫʣʠʥʘ ʧʨʠ ʠʥʪʨʘʥʘʟʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʘ ʩ ʎɼ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ 

ʠʟʚʝʩʪʥʳʡ ʬʘʢʪ ʦ ʟʥʘʯʠʪʝʣʴʥʳʭ ʚʠʜʦʚʳʭ ʨʘʟʣʠʯʠʷʭ ʪʘʢʦʛʦ ʩʧʦʩʦʙʘ ʚʚʝʜʝʥʠʷ ʃʉ 

(Merkus F. W. H. M. et al., 1999). ɼʨʫʛʠʤʠ ʧʨʠʤʝʨʘʤʠ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ 

ʎɼ ʧʨʠ ʠʥʪʨʘʥʘʟʘʣʴʥʦʤ ʚʚʝʜʝʥʠʷ ʩʣʫʞʘʪ ʢʦʤʧʣʝʢʩʳ ʩ ʜʠʛʠʜʨʦʵʨʛʦʪʘʤʠʥʦʤ, 

ʤʠʜʘʟʦʣʘʤʦʤ, ʘʮʠʢʣʦʚʠʨʦʤ ʠ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʤʠ ʛʝʧʘʨʠʥʘʤʠ (Marttin E. et al., 

1997; Loftsson T. et al., 2001a; Chavanpatil  M. D. et al., 2004; Yang T. et al., 2004). 

ʂʘʢ ʠ ʚ ʩʣʫʯʘʝ ʩ ʩʫʙʣʠʥʛʚʘʣʴʥʳʤ ʚʚʝʜʝʥʠʝʤ, ʎɼ ʧʦʩʣʝ ʠʥʪʨʘʥʘʟʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ 

ʩ ʧʦʤʦʱʴʶ ʨʝʩʥʠʪʯʘʪʦʛʦ ʵʧʠʪʝʣʠʷ ʧʦʧʘʜʘʶʪ ʚ ɾʂʊ, ʧʦʵʪʦʤʫ ʤʝʩʪʥʳʡ 

ʨʘʟʜʨʘʞʘʶʱʠʡ ʵʬʬʝʢʪ ʧʨʘʢʪʠʯʝʩʢʠ ʦʪʩʫʪʩʪʚʫʝʪ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʚʣʠʷʥʠʷ 

ʜʠʤʝʪʠʣ-ɓ-ʎɼ ʠ ʜʨʫʛʠʭ ʘʛʝʥʪʦʚ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʠʥʪʨʘʥʘʟʘʣʴʥʦʡ ʘʙʩʦʨʙʮʠʠ, ʢʘʢ, 

ʥʘʧʨʠʤʝʨ, ʙʝʥʟʘʣʢʦʥʠʫʤ ʭʣʦʨʠʜʘ, ʥʘ ʯʘʩʪʦʪʫ ʜʚʠʞʝʥʠʷ ʨʝʩʥʠʯʝʢ ʨʝʩʥʠʪʯʘʪʦʛʦ 

ʵʧʠʪʝʣʠʷ ʥʦʩʦʚʦʡ ʧʦʣʦʩʪʠ in vitro, ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʎɼ ʚ ʤʝʥʴʰʝʡ ʩʪʝʧʝʥʠ 

ʚʣʠʷʝʪ ʥʘ ʵʪʦʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʡ ʧʨʦʮʝʩʩ (Romeijn S. G. et al., 1996). 

ʆʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʎɼ ʚ ʚʠʜʝ ʥʘʟʘʣʴʥʳʭ ʃʌ ʷʚʣʷʝʪʩʷ ʦʙʲʝʤ 

ʞʠʜʢʦʩʪʠ ʨʘʚʥʳʡ 25-150 ʤʢʣ., ʢʦʪʦʨʦʡ ʤʦʞʝʪ ʙʳʪʴ ʨʘʩʧʳʣʝʥ ʚ ʢʘʞʜʳʡ ʥʦʩʦʚʦʡ 

ʭʦʜ (Behl C. R. et al., 1998). ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʩʫʱʝʩʪʚʫʝʪ ʢʦʤʤʝʨʯʝʩʢʠʡ 

ʧʨʦʜʫʢʪ ï Aerodiol, ʚʳʧʫʩʢʘʝʤʦʡ ʬʠʨʤʦʡ Servier (ʌʨʘʥʮʠʷ), ʢʦʪʦʨʳʡ 

ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʩʧʨʝʡ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʵʩʪʨʘʜʠʦʣʘ, ʨʘʩʪʚʦʨʝʥʥʦʛʦ ʚ ʨʘʩʪʚʦʨʝ 

ʯʘʩʪʠʯʥʦ ʤʝʪʠʣʠʨʦʚʘʥʥʦʛʦ ɓ-ʎɼ (Loftsson T. et al., 2005).   
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ʀʥʛʘʣʷʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʜʦʩʪʘʚʢʠ ʃʉ ʩ ʎɼ 

ʏʘʱʝ ʚʩʝʛʦ, ʠʥʛʘʣʷʮʠʦʥʥʳʡ ʩʧʦʩʦʙ ʜʦʩʪʘʚʢʠ ʃʉ ʧʨʠʤʝʥʷʝʪʩʷ ʜʣʷ ʪʝʨʘʧʠʠ 

ʣʝʛʦʯʥʳʭ ʟʘʙʦʣʝʚʘʥʠʡ, ʢʘʢ ʥʘʧʨʠʤʝʨ ʙʨʦʥʭʠʘʣʴʥʦʡ ʘʩʪʤʳ, ʭʨʦʥʠʯʝʩʢʦʛʦ 

ʦʙʩʪʨʫʢʪʠʚʥʦʛʦ ʙʨʦʥʭʠʪʘ ʠ ʜʨ. (Washington N. et al., 2001). ʆʜʥʘʢʦ, ʪʘʢʦʡ ʧʫʪʴ 

ʚʚʝʜʝʥʠʷ ʷʚʣʷʝʪʩʷ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʠ ʜʣʷ ʩʠʩʪʝʤʥʦʛʦ ʚʚʝʜʝʥʠʷ ʃʉ, ʧʦʩʢʦʣʴʢʫ ʦʥ 

ʣʠʰʝʥ ʵʬʬʝʢʪʘ ʧʝʨʚʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʧʝʯʝʥʴ ʠ ʨʘʟʨʫʰʝʥʠʷ ʃʉ ʚ ʧʨʦʩʚʝʪʝ 

ɾʂʊ. ʃʝʛʢʠʝ ʦʙʣʘʜʘʶʪ ʦʛʨʦʤʥʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ, ʧʣʦʪʥʦ ʦʢʫʪʘʥʥʦʡ ʢʘʧʠʣʣʷʨʥʦʡ 

ʩʝʪʴʶ, ʧʨʠ ʵʪʦʤ ʚ ʣʝʛʢʠʭ ʢʨʘʡʥʝ ʩʣʘʙʦ ʚʳʨʘʞʝʥʘ ʬʝʨʤʝʥʪʘʪʠʚʥʘʷ ʘʢʪʠʚʥʦʩʪʴ. 

ʆʩʥʦʚʥʳʤ ʦʛʨʘʥʠʯʝʥʠʝʤ ʜʣʷ ʃʉ ʧʨʠ ʪʘʢʦʤ ʩʧʦʩʦʙʝ ʚʚʝʜʝʥʠʷ ʩʣʫʞʠʪ ʥʠʟʢʘʷ 

ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʠ ʩʢʦʨʦʩʪʴ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʝ. ʅʝʨʘʩʪʚʦʨʠʤʳʝ ʯʘʩʪʠʮʳ ʚʳʚʦʜʷʪʩʷ 

ʠʟ ʣʝʛʢʠʭ ʧʨʠ ʧʦʤʦʱʠ ʤʫʢʦʮʠʣʣʠʘʨʥʦʛʦ ʪʨʘʥʩʧʦʨʪʘ ʚ ʚʝʨʭʥʠʭ ʦʪʜʝʣʘʭ 

ʜʳʭʘʪʝʣʴʥʳʭ ʧʫʪʝʡ ʠ ʧʨʠ ʧʦʤʦʱʠ ʤʘʢʨʦʬʘʛʦʚ ʚ ʘʣʴʚʝʦʣʘʭ (Washington N. et al., 

2001). ɺ ʩʣʫʯʘʝ ʠʥʛʘʣʷʮʠʦʥʥʦʛʦ ʚʚʝʜʝʥʠʷ, ʧʨʠʤʝʥʝʥʠʝ ʎɼ ʘʥʘʣʦʛʠʯʥʦ ʦʧʠʩʘʥʥʳʤ 

ʚʳʰʝ ʩʫʙʣʠʥʛʚʘʣʴʥʦʤʫ ʠ ʥʘʟʘʣʴʥʦʤʫ, ʘ ʠʤʝʥʥʦ, ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʩʪʘʙʠʣʴʥʦʩʪʠ, 

ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʩʢʦʨʦʩʪʠ ʨʘʩʪʚʦʨʝʥʠʷ ʚ ʚʦʜʝ ʥʝʨʘʩʪʚʦʨʠʤʳʭ ʠ ʭʠʤʠʯʝʩʢʠ ʥʝ 

ʩʪʘʙʠʣʴʥʳʭ ʃʉ. ɺ ʢʦʥʝʯʥʦʤ ʠʪʦʛʝ ʵʪʦ ʧʨʠʚʝʜʝʪ ʢ ʫʤʝʥʴʰʝʥʠʶ ʢʣʠʨʝʥʩʘ, 

ʧʦʚʳʰʝʥʠʶ ʘʙʩʦʨʙʮʠʠ ʠ ʙʦʣʝʝ ʙʳʩʪʨʦʤʫ ʥʘʩʪʫʧʣʝʥʠʶ ʪʝʨʘʧʝʚʪʠʯʝʩʢʦʛʦ 

ʵʬʬʝʢʪʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʩ ʎɼ ʚʦʟʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ 

ʞʠʜʢʦʝ ʃʉ ʚ ʪʚʝʨʜʫʶ ʬʦʨʤʫ, ʜʚʘ ʥʝʩʦʚʤʝʩʪʠʤʳʭ ʃʉ ʤʦʞʥʦ ʩʤʝʰʘʪʴ ʚ ʦʜʥʦʡ 

ʧʦʨʦʰʢʦʦʙʨʘʟʥʦʡ ʃʌ, ʫʤʝʥʴʰʠʪʴ ʥʝʧʨʠʷʪʥʳʝ ʦʨʛʘʥʦʣʝʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ, ʘ 

ʪʘʢʞʝ ʩʥʠʟʠʪʴ ʤʝʩʪʥʦʝ ʨʘʟʜʨʘʞʘʶʱʝʝ ʜʝʡʩʪʚʠʝ ʃʉ ʥʘ ʣʝʛʢʠʝ.   

ɸʙʩʦʨʙʮʠʷ ʎɼ ʠʟ ʣʝʛʢʠʭ ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦ ʣʫʯʰʝ, ʯʝʤ ʠʟ ɾʂʊ, ʯʪʦ 

ʥʘʢʣʘʜʳʚʘʝʪ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʪʠʧ ʎɼ, ʢʦʪʦʨʳʡ ʤʦʞʥʦ ʙʝʟʦʧʘʩʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ. 

ʂʘʢ ʧʨʘʚʠʣʦ, ʪʝ ʎɼ, ʢʦʪʦʨʳʝ ʜʦʧʫʱʝʥʳ ʜʣʷ ʧʘʨʝʥʪʝʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ, ʤʦʞʥʦ 

ʠʩʧʦʣʴʟʦʚʘʪʴ ʠ ʜʣʷ ʠʥʛʘʣʷʮʠʦʥʥʦʛʦ (Irie T. et al., 1997; Cabral Marques H. M. et al., 

1991). ʅʘʠʙʦʣʝʝ ʙʝʟʦʧʘʩʥʳʤʠ ʜʣʷ ʧʘʨʝʥʪʝʨʘʣʴʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʩʯʠʪʘʶʪ ɔ-ʎɼ, 

2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʎɼ ʠ ʩʫʣʴʬʦʙʫʪʠʣʵʬʠʨ ɓ-ʎɼ. ɼʣʷ ʠʥʛʘʣʷʮʠʦʥʥʦʡ ʜʦʩʪʘʚʢʠ 

ʃʉ ʚ ʚʠʜʝ ʢʦʤʧʣʝʢʩʘ ʩ ʎɼ ʠʩʧʦʣʴʟʫʶʪ ʧʦʨʦʰʢʦʚʳʝ ʠʥʛʘʣʷʪʦʨʳ, ʚ ʢʦʪʦʨʳʭ 

ʜʦʟʠʨʦʚʘʥʥʳʡ ʧʦʨʦʰʦʢ ʚʳʜʝʣʷʝʪʩʷ ʧʦʩʣʝ ʧʨʦʢʘʣʳʚʘʥʠʷ ʩʧʝʮʠʘʣʴʥʦʡ ʢʘʧʩʫʣʳ 

(Prime D. et al., 1997). ʉʫʱʝʩʪʚʫʝʪ ʨʷʜ ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ʠʥʛʘʣʷʪʦʨʦʚ: 
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Diskhaler (GlaxoSmithKline), ʚ ʥʝʤ ʧʦʚʳʰʝʥʦ ʢʦʣʠʯʝʩʪʚʦ ʚʜʳʭʘʝʤʦʛʦ 

ʩʘʣʴʙʫʪʘʤʦʣʘ ʟʘ ʩʯʝʪ ʝʛʦ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ ɔ-ʎɼ ʠ ʜʠʤʝʪʠʣ-ɓ-ʎɼ; 

Microhaler (GlaxoSmithKline), ʚ ʥʝʤ ʧʦʚʳʰʝʥʘ ʚʜʳʭʘʝʤʘʷ ʬʨʘʢʮʠʷ ʙʝʢʣʦʤʝʪʘʟʦʥʘ 

ʜʠʧʨʦʧʠʦʥʘʪʘ ʟʘ ʩʯʝʪ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʷ ʩ 2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʎɼ (Leite 

Pinto J. M. et al., 1999). ʂʨʦʤʝ ʵʪʦʛʦ, ʦʪʤʝʯʝʥʦ, ʯʪʦ ʚ ʧʨʠʩʫʪʩʪʚʠʠ ʨʘʟʣʠʯʥʳʭ ʎɼ 

ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʘʙʩʦʨʙʮʠʷ ʃʉ ʚʚʝʜʝʥʥʳʭ ʠʥʪʨʘʪʨʘʭʝʘʣʴʥʦ (Shao Z. et al., 1994; 

Shao Z. J. et al., 1996; Wall D. A. et al., 1994).  

 

ʀʥʲʝʢʮʠʦʥʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʩ ʎɼ 

ʀʥʲʝʢʮʠʦʥʥʳʝ ʃʌ ʣʠʧʦʬʠʣʴʥʳʭ ʥʝ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʃʉ ʦʙʳʯʥʦ ʩʦʩʪʦʷʪ 

ʠʟ ʩʤʝʩʠ ʚʦʜʳ, ʦʨʛʘʥʠʯʝʩʢʠʭ ʢʦ-ʩʦʣʴʚʝʥʪʦʚ ʠ ʩʫʨʬʘʢʪʘʥʪʦʚ. ɼʣʷ ʧʨʠʤʝʥʝʥʠʷ 

ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ ʩʫʱʝʩʪʚʫʶʪ ʦʛʨʘʥʠʯʝʥʠʷ, ʢʦʪʦʨʳʝ ʚʢʣʶʯʘʶʪ ʚ ʩʝʙʷ 

ʚʳʧʘʜʝʥʠʷ ʦʩʘʜʢʘ ʃʉ, ʙʦʣʴ ʧʨʠ ʚʚʝʜʝʥʠʠ, ʚʝʨʦʷʪʥʦʩʪʴ ʨʘʟʚʠʪʠʷ ʚʦʩʧʘʣʝʥʠʷ ʠ 

ʛʝʤʦʣʠʟʘ ʧʦʩʣʝ ʠʥʲʝʢʮʠʠ (Strickley R. G. et al., 2004). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʷ 

ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʦʜʦʙʥʳʭ ʧʦʙʦʯʥʳʭ ʜʝʡʩʪʚʠʡ ʚʦʟʤʦʞʥʦ ʩʦʟʜʘʥʠʝ 

ʚʦʜʦʨʘʩʪʚʦʨʠʤʦʛʦ ʧʨʦʣʝʢʘʨʩʪʚʘ, ʢʦʪʦʨʦʝ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʝʪʩʷ ʚ ʚʦʜʝ ʠ ʥʝ ʪʨʝʙʫʝʪ 

ʥʘʣʠʯʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʦʨʛʘʥʠʯʝʩʢʠʭ ʨʘʩʪʚʦʨʠʪʝʣʝʡ. ʆʪʨʠʮʘʪʝʣʴʥʦʡ ʩʪʦʨʦʥʦʡ 

ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʠʟʤʝʥʝʥʠʝ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʩʘʤʦʛʦ ʃʉ, ʧʦʩʢʦʣʴʢʫ 

ʙʫʜʝʪ ʪʨʝʙʦʚʘʪʴʩʷ ʜʦʧʦʣʥʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʜʣʷ ʧʝʨʝʭʦʜʘ ʧʨʦʣʝʢʘʨʩʪʚʘ ʚ 

ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠ ʵʬʬʝʢʪʠʚʥʫʶ ʬʦʨʤʫ (Loftsson T. et al., 1991; Dietzel K. et 

al.,1990). ʇʨʠʤʝʥʝʥʠʝ ʎɼ (2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʎɼ ʠ ʩʫʣʴʬʦʙʫʪʠʣʵʬʠʨ ɓ-ʎɼ) ʚ 

ʠʥʲʝʢʮʠʦʥʥʳʭ ʃʌ ʤʦʞʝʪ ʩʣʫʞʠʪʴ ʟʘʤʝʥʦʡ ʦʨʛʘʥʠʯʝʩʢʠʤ ʨʘʩʪʚʦʨʠʪʝʣʷʤ, 

ʩʫʨʬʘʢʪʘʥʪʘʤ ʠ ʧʨʦʣʝʢʘʨʩʪʚʘʤ. ʇʦʤʠʤʦ ʦʯʝʚʠʜʥʦʛʦ ʩʥʠʞʝʥʠʷ ʚʝʨʦʷʪʥʳʭ 

ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʦʚ ʦʪ ʨʘʩʪʚʦʨʠʪʝʣʝʡ, ʧʨʠʤʝʥʝʥʠʝ ʎɼ ʥʝ ʚʣʝʯʝʪ ʟʘ ʩʦʙʦʡ 

ʠʟʤʝʥʝʥʠʷ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʠ ʃʉ, ʯʪʦ ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʷʜ ʠʩʩʣʝʜʦʚʘʥʠʡ (Rajewski 

R. A. et al., 1996; Stella V. J. et al., 1997). ʇʦʩʣʝ ʧʘʨʝʥʪʝʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ, ʠ ʚ 

ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ, ʤʦʣʝʢʫʣʳ ʃʉ ʙʳʩʪʨʦ ʠ ʢʦʣʠʯʝʩʪʚʝʥʥʦ 

ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʠʟ ʢʦʤʧʣʝʢʩʘ ʩ ʎɼ ʧʦʩʨʝʜʩʪʚʦʤ ʨʘʟʙʘʚʣʝʥʠʷ, ʢʦʥʢʫʨʝʥʪʥʦʛʦ 

ʟʘʤʝʱʝʥʠʷ ʠ ʩʚʷʟʳʚʘʥʠʷ ʤʦʣʝʢʫʣ ʃʉ ʩ ʙʝʣʢʘʤʠ ʧʣʘʟʤʳ ʢʨʦʚʠ ʠ ʪʢʘʥʷʤʠ 

(Washington N. et al., 2001). ʆʜʥʘʢʦ, ʧʦʩʢʦʣʴʢʫ ʎɼ ʙʳʩʪʨʦ ʚʳʚʦʜʷʪʩʷ ʧʦʯʢʘʤʠ ʦʥʠ 
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ʤʦʛʫʪ ʩʧʦʩʦʙʩʪʚʦʚʘʪʴ ʪʘʢʞʝ ʠ ʙʳʩʪʨʦʡ ʵʣʠʤʠʥʘʮʠʠ ʣʠʧʦʬʠʣʴʥʳʭ ʥʝ 

ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʤʦʣʝʢʫʣ ʃʉ (Stella V. J. et al., 1999). 

 

ɻʣʘʟʥʳʝ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʩ ʎɼ 

ɼʣʷ ʦʬʪʘʣʴʤʦʣʦʛʠʠ ʥʘʠʙʦʣʝʝ ʧʨʝʜʧʦʯʪʠʪʝʣʴʥʳʤʠ ʷʚʣʷʶʪʩʷ ʃʌ ʚ ʚʠʜʝ 

ʚʦʜʥʳʭ ʢʘʧʝʣʴ ʩ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʴʶ. ɺʥʝʰʥʠʡ ʩʣʦʡ ʨʦʛʦʚʠʮʳ ʛʣʘʟʘ ʷʚʣʷʝʪʩʷ 

ʣʠʧʦʬʠʣʴʥʳʤ ʵʧʠʪʝʣʠʝʤ, ʯʪʦ ʚʣʝʯʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʥʘʣʠʯʠʷ ʣʠʧʦʬʠʣʴʥʳʭ 

ʩʚʦʡʩʪʚ ʫ ʃʉ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ ʯʝʨʝʟ ʵʪʦʪ ʙʠʦʣʦʛʠʯʝʩʢʠʡ ʙʘʨʴʝʨ ʚʥʫʪʨʴ ʛʣʘʟʘ. 

ʆʜʥʘʢʦ, ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʛʦʚʠʮʳ ʧʨʠʩʫʪʩʪʚʫʝʪ ʚʦʜʥʳʡ ʩʣʦʡ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 8 

ʤʢʤ ʠ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʵʪʦʛʦ ʜʠʬʬʫʟʠʦʥʥʦʛʦ ʙʘʨʴʝʨʘ ʥʘ ʧʫʪʠ ʢ ʨʦʛʦʚʠʮʝ 

ʥʝʦʙʭʦʜʠʤʦ ʯʪʦʙʳ ʃʉ ʙʳʣʦ ʨʘʩʪʚʦʨʠʤʦ ʚ ʚʦʜʝ (Washington N. et al., 2001). ʂʨʦʤʝ 

ʵʪʦʛʦ, ʪʦʣʴʢʦ ʦʜʥʘ ʢʘʧʣʷ ʦʙʲʝʤʦʤ 0,03-0,05 ʤʣ ʤʦʞʝʪ ʙʳʪʴ ʦʜʥʦʤʦʤʝʥʪʥʦ 

ʥʘʥʝʩʝʥʘ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʣʘʟʘ, ʙʦʣʴʰʠʝ ʦʙʲʝʤʳ ʞʠʜʢʦʩʪʠ ʙʳʩʪʨʦ ʦʪʚʦʜʷʪʩʷ ʦʪ 

ʛʣʘʟʘ ʯʝʨʝʟ ʥʦʩʦʩʣʝʟʥʳʡ ʢʘʥʘʣ ʠʣʠ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦ ʥʘ ʢʦʞʫ ʣʠʮʘ. ɼʨʫʛʠʤ 

ʬʘʢʪʦʨʦʤ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʤ ʘʙʩʦʨʙʮʠʶ ʃʉ, ʷʚʣʷʝʪʩʷ ʧʦʩʪʦʷʥʥʦʝ ʚʳʜʝʣʝʥʠʝ 

ʩʣʝʟʥʦʡ ʞʠʜʢʦʩʪʠ, ʢʦʪʦʨʘʷ ʨʘʟʙʘʚʣʷʝʪ ʠ ʩʤʳʚʘʝʪ ʃʉ ʩ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʘʟʘ, ʪʝʤ 

ʩʘʤʳʤ ʫʤʝʥʴʰʘʷ ʚʨʝʤʷ ʝʛʦ ʢʦʥʪʘʢʪʘ ʩ ʧʦʚʝʨʭʥʦʩʪʴʶ ʨʦʛʦʚʠʮʳ. ʇʦʣʥʦʝ 

ʚʳʤʳʚʘʥʠʝ ʃʉ ʩ ʛʣʘʟʥʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʧʨʦʠʩʭʦʜʠʪ ʟʘ 5-6 ʤʠʥʫʪ. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʩʣʝʟʥʘʷ ʞʠʜʢʦʩʪʴ ʩʦʜʝʨʞʠʪ ʙʝʣʢʠ ʠ ʤʫʮʠʥʳ, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʩʚʷʟʳʚʘʪʴʩʷ ʩ 

ʤʦʣʝʢʫʣʘʤʠ ʃʉ ʠ ʧʨʝʧʷʪʩʪʚʦʚʘʪʴ ʠʭ ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʯʝʨʝʟ ʨʦʛʦʚʠʮʫ (Achouri D. 

et al., 2013). ɺ ʩʦʚʦʢʫʧʥʦʩʪʠ, ʦʧʠʩʘʥʥʳʝ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʝ ʦʩʦʙʝʥʥʦʩʪʠ ʛʣʘʟʘ 

ʧʨʠʚʦʜʷʪ ʢ ʪʦʤʫ, ʯʪʦ ʣʠʰʴ <5% ʃʉ ʥʘʥʝʩʝʥʥʦʛʦ ʤʝʩʪʥʦ ʥʘ ʧʦʚʝʨʭʥʦʩʪʴ ʛʣʘʟʥʦʛʦ 

ʷʙʣʦʢʘ ʘʙʩʦʨʙʠʨʫʶʪʩʷ ʚʥʫʪʨʴ (Urtti A. et al., 1993; Loftsson T. et al., 1999a; 

Fangueiro J. F. et al., 2016). ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʎɼ ʢʘʢ ʩʦʣʶʙʠʣʠʟʘʪʦʨʘ, ʚʦʟʤʦʞʥʦ 

ʫʚʝʣʠʯʠʪʴ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʠ ʧʝʨʝʡʪʠ ʥʘ ʤʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʪʘʢʠʭ ʃʉ, 

ʢʦʪʦʨʳʝ ʜʦ ʵʪʦʛʦ ʧʨʠʤʝʥʷʣʠʩʴ ʪʦʣʴʢʦ ʩʠʩʪʝʤʥʦ (Loftsson T. et al., 1999a; Loftsson 

T. et al., 2002). ʇʨʠʤʝʨʦʤ ʵʪʦʤʫ ʩʣʫʞʠʪ ʘʮʝʪʘʟʦʣʘʤʠʜ, ʢʦʪʦʨʳʡ ʠʟʙʠʨʘʪʝʣʴʥʦ 

ʠʥʛʠʙʠʨʫʝʪ ʢʘʨʙʦʘʥʛʠʜʨʘʟʫ ʠ ʠʩʧʦʣʴʟʫʝʪʩʷ ʧʝʨʦʨʘʣʴʥʦ ʚ ʜʦʟʝ 1000 ʤʛ ʜʣʷ 

ʣʝʯʝʥʠʷ ʛʣʘʫʢʦʤʳ. ɽʛʦ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʚʦʜʝ ʩʦʩʪʘʚʣʷʝʪ 0,7 ʤʛ/ʤʣ, ʪʦʛʜʘ ʢʘʢ ʚ 

20% ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ 2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʎɼ ʚʦʟʨʘʩʪʘʝʪ ʜʦ 7 ʤʛ/ʤʣ. ʊʘʢʦʝ 
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ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʩʦʟʜʘʥʠʷ 

ʛʣʘʟʥʳʭ ʢʘʧʝʣʴ ʩ ʵʪʠʤ ʃʉ (Loftsson T. et al., 1994). ʂʨʦʤʝ ʵʪʦʛʦ, ʎɼ ʠʩʧʦʣʴʟʫʶʪ 

ʜʣʷ ʫʤʝʥʴʰʝʥʠʷ ʨʘʟʜʨʘʞʘʶʱʝʛʦ ʜʝʡʩʪʚʠʷ ʃʉ ʥʘ ʛʣʘʟ ʠ ʜʣʷ ʧʦʚʳʰʝʥʠʷ 

ʭʠʤʠʯʝʩʢʦʡ ʩʪʘʙʠʣʴʥʦʩʪʠ ʃʉ, ʚʭʦʜʷʱʠʭ ʚ ʚʦʜʥʳʝ ʛʣʘʟʥʳʝ ʃʌ (Loftsson T. et al., 

1999a; Suhonen P. et al., 1995; Zhang Z. et al., 2016). ɺ ʥʝʢʦʪʦʨʳʭ ʩʣʫʯʘʷʭ ʜʣʷ 

ʩʪʘʙʠʣʠʟʘʮʠʠ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʳʭ ʢʦʤʧʣʝʢʩʦʚ ʩ ʎɼ, ʥʘʧʨʠʤʝʨ ɔ-ʎɼ ʠ 2-

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɔ-ʎɼ, ʠʩʧʦʣʴʟʫʶʪ ʧʦʣʦʢʩʘʤʝʨ 407, ʢʦʪʦʨʳʡ ʪʘʢʞʝ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʙʦʣʝʝ ʤʝʜʣʝʥʥʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʤʦʣʝʢʫʣ ʃʉ ʠʟ ʦʙʨʘʟʫʝʤʳʭ ʘʛʨʝʛʘʪʦʚ (Jansook 

P. et al., 2016). ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʦ ʥʝʩʢʦʣʴʢʦ ʛʣʘʟʥʳʭ ʢʘʧʝʣʴ ʩ 

ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʎɼ: ClorocilÈ, Edol (ʭʣʦʨʘʤʬʝʥʠʢʦʣ), Voltaren OphthalmicÈ, 

Novartis (ʜʠʢʣʦʬʝʥʘʢ), IndocidÈ, Merck Sharp & Dohme-Chibret (ʠʥʜʦʤʝʪʘʮʠʥ) 

(Achouri D. et al., 2013). 

 

ʃʝʢʘʨʩʪʚʝʥʥʳʝ ʬʦʨʤʳ ʜʣʷ ʤʝʩʪʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʥʘ ʢʦʞʫ ʩ ʎɼ. 

ʉʯʠʪʘʝʪʩʷ, ʯʪʦ ʦʩʥʦʚʥʳʤ ʙʘʨʴʝʨʦʤ ʥʘ ʧʫʪʠ ʘʙʩʦʨʙʮʠʠ ʃʉ ʯʝʨʝʟ ʢʦʞʥʳʝ 

ʧʦʢʨʦʚʳ ʷʚʣʷʝʪʩʷ ʩʘʤʳʡ ʚʥʝʰʥʠʡ ʩʣʦʡ ʢʦʞʠ ï ʨʦʛʦʚʦʡ ʩʣʦʡ ʵʧʠʜʝʨʤʠʩʘ. 

ʋʩʠʣʠʪʝʣʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ, ʧʨʠʤʝʥʷʝʤʳʝ ʚ ʃʌ ʜʣʷ ʤʝʩʪʥʦʛʦ ʥʘʥʝʩʝʥʠʷ ʥʘ ʢʦʞʫ, 

ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʞʠʨʥʳʝ ʢʠʩʣʦʪʳ ʠʣʠ ʩʧʠʨʪʳ, ʧʨʦʥʠʢʘʶʪ ʚʥʫʪʨʴ ʵʪʦʛʦ ʩʣʦʷ ʠ 

ʚʨʝʤʝʥʥʦ ʩʥʠʞʘʶʪ ʝʛʦ ʙʘʨʴʝʨʥʳʝ ʩʚʦʡʩʪʚʘ. ɻʠʜʨʦʬʠʣʴʥʳʝ ʎɼ ʥʝ ʧʨʦʥʠʢʘʶʪ ʚ 

ʨʦʛʦʚʦʡ ʩʣʦʡ ʠ ʥʝ ʦʢʘʟʳʚʘʶʪ ʚʣʠʷʥʠʝ ʥʘ ʝʛʦ ʟʘʱʠʪʥʳʝ ʩʚʦʡʩʪʚʘ (Rajewski R. A. et 

al., 1996; Matsuda H. et al., 1999; Uekama K. et al., 1998; Loftsson T. et al., 2001ʙ).  

ʆʜʥʘʢʦ, ʎɼ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʦʤʙʠʥʠʨʦʚʘʥʥʳʭ ʃʌ, ʛʜʝ ʠʭ ʨʦʣʴʶ 

ʙʫʜʝʪ ʷʚʣʷʪʴʩʷ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʃʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʨʦʛʦʚʦʛʦ ʩʣʦʷ, ʘ 

ʩʪʘʥʜʘʨʪʥʳʝ ʫʩʠʣʠʪʝʣʠ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʙʫʜʫʪ ʩʥʠʞʘʪʴ ʙʘʨʴʝʨʥʳʝ ʩʚʦʡʩʪʚʘ ʢʦʞʠ 

(Adachi H. et al., 1992; Adachi H. et al., 1993). ʊʘʢʘʷ ʢʦʤʙʠʥʠʨʦʚʘʥʥʘʷ ʃʌ ʙʳʣʘ 

ʠʟʫʯʝʥʘ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ in vitro. ʀʩʧʦʣʴʟʦʚʘʣʠ ʢʨʝʤ, ʚ ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʣʠ 2-

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʎɼ ʠ ʵʢʩʪʨʘʢʪ ʤʦʥʦʵʬʠʨʘ ʛʣʠʮʝʨʠʥʘ ʜʣʷ ʪʨʘʥʩʜʝʨʤʘʣʴʥʦʡ 

ʜʦʩʪʘʚʢʠ ʪʝʩʪʦʩʪʝʨʦʥʘ ʯʝʨʝʟ ʢʦʞʫ ʤʳʰʠ (Loftsson T. et al., 1998). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ 

ʪʦʣʴʢʦ 2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʎɼ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʝʩʪʦʩʪʝʨʦʥʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 

60%, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ  ʵʢʩʪʨʘʢʪʘ ʤʦʥʦʵʬʠʨʘ ʛʣʠʮʝʨʠʥʘ ʧʨʦʥʠʮʘʝʤʦʩʪʴ 
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ʪʝʩʪʦʩʪʝʨʦʥʘ ʫʚʝʣʠʯʠʚʘʣʘʩʴ ʥʘ 40%. ʆʜʥʘʢʦ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚ ʢʨʝʤ ʦʙʦʠʭ 

ʚʝʱʝʩʪʚ, ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʪʝʩʪʦʩʪʝʨʦʥʘ ʯʝʨʝʟ ʢʦʞʫ ʚʦʟʨʘʩʪʘʣʘ ʜʦ 80%.  

ʎɼ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʠ ʜʣʷ ʩʥʠʞʝʥʠʷ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʯʝʨʝʟ ʢʦʞʫ 

ʥʝʢʦʪʦʨʳʭ ʚʝʱʝʩʪʚ. ʅʘʧʨʠʤʝʨ, ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʠʟʙʳʪʢʘ 2-ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʎɼ 

ʢ ʩʨʝʜʩʪʚʫ ʦʪ ʟʘʛʘʨʘ, ʧʨʦʠʩʭʦʜʠʣʦ ʩʥʠʞʝʥʠʝ ʪʨʘʥʩʜʝʨʤʘʣʴʥʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ 

ʦʢʩʠʙʝʥʟʦʥʘ, ʦʩʥʦʚʥʦʛʦ ʧʦʛʣʦʪʠʪʝʣʷ ʋʌ ʠʟʣʫʯʝʥʠʷ (Felton L. A. et al., 2002). 

ɸʥʘʣʦʛʠʯʥʳʡ ʵʬʬʝʢʪ ʙʳʣ ʦʙʥʘʨʫʞʝʥ ʠ ʧʨʠ ʢʦʤʧʣʝʢʩʦʦʙʨʘʟʦʚʘʥʠʠ ʦʢʩʠʙʝʥʟʦʥʘ ʩ 

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣ-ɓ-ʎɼ (Felton L. A. et al., 2004). 

1.2. ʇʫʣʣʫʣʘʥ 

 

ʇʫʣʣʫʣʘʥ (ʇʋʃ) ï ʧʦʣʠʩʘʭʘʨʠʜ, ʩʦʩʪʦʷʱʠʡ ʠʟ ʤʘʣʴʪʦʪʨʠʦʟʥʳʭ ʝʜʠʥʠʮ, 

ʢʦʪʦʨʳʡ ʚʧʝʨʚʳʝ ʙʳʣ ʚʳʜʝʣʝʥ ɹʝʨʥʴʝ (Bernier) ʚ 1958 ʛʦʜʫ. ɺ ʝʛʦ ʩʪʨʫʢʪʫʨʝ ʪʨʠ 

ʛʣʶʢʦʟʥʳʭ ʝʜʠʥʠʮʳ ʚ ʤʘʣʴʪʦʪʨʠʦʟʝ ʩʦʝʜʠʥʝʥʳ ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʴʶ Ŭ (1Ÿ4), 

ʪʦʛʜʘ ʢʘʢ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʳʝ ʤʘʣʴʪʦʪʨʠʦʟʥʳʝ ʝʜʠʥʠʮʳ ʩʦʝʜʠʥʝʥʳ ʜʨʫʛ ʩ ʜʨʫʛʦʤ 

ʛʣʠʢʦʟʠʜʥʦʡ ʩʚʷʟʴʶ Ŭ (1Ÿ4). ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 5 ʜʦ 

900 ʢɼʘ. ʇʫʣʣʫʣʘʥ ʧʦʣʫʯʘʶʪ ʠʟ ʢʨʘʭʤʘʣʘ ʧʦʩʨʝʜʩʪʚʦʤ ʛʨʠʙʘ Aureobasidium 

pullulans (Vipul D. et al., 2013). 

ʅʘ ʧʨʦʪʷʞʝʥʠʠ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ ʵʪʦʪ ʧʦʣʠʩʘʭʘʨʠʜ ʠʩʧʦʣʴʟʦʚʘʣʠ ʚ 

ʗʧʦʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʠʱʝʚʦʡ ʜʦʙʘʚʢʠ ʠ ʚʩʧʦʤʦʛʘʪʝʣʴʥʦʛʦ ʚʝʱʝʩʪʚʘ ʧʨʠ 

ʧʨʦʠʟʚʦʜʩʪʚʝ ʣʝʢʘʨʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʧʫʣʣʫʣʘʥ ʧʨʠʟʥʘʥ ʙʝʟʦʧʘʩʥʳʤ ʠ ʨʘʟʨʝʰʝʥ ʢ 

ʧʨʠʤʝʥʝʥʠʶ ʚ ʉʐɸ. ʇʦʣʥʦʩʪʴʶ ʙʝʟʦʧʘʩʥʦʡ, ʩʯʠʪʘʝʪʩʷ ʜʦʟʘ ʜʦ 10 ʛʨʘʤʤ ʚ ʩʫʪʢʠ, 

ʧʨʠ ʧʨʠʝʤʝ ʙʦʣʴʰʠʭ ʢʦʣʠʯʝʩʪʚ ʤʦʛʫʪ ʥʘʙʣʶʜʘʪʴʩʷ ʥʝʟʥʘʯʠʪʝʣʴʥʳʝ ʩʠʤʧʪʦʤʳ ʩʦ 

ʩʪʦʨʦʥʳ ɾʂʊ (Vipul D. et al., 2013).  
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ʈʠʩʫʥʦʢ 3 ï ʍʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ʇʫʣʣʫʣʘʥʘ. 

 

 

ɺ ʩʫʭʦʤ ʩʦʩʪʦʷʥʠʠ ʇʋʃ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʙʝʣʳʡ ʧʦʨʦʰʦʢ ʙʝʟ ʟʘʧʘʭʘ ʠ 

ʚʢʫʩʘ, ʘ ʧʨʠ ʨʘʩʪʚʦʨʝʥʠʠ ʚ ʚʦʜʝ ʚ ʢʦʣʠʯʝʩʪʚʝ 5-10% ʦʙʨʘʟʫʝʪ ʥʝ ʛʠʛʨʦʩʢʦʧʠʯʥʳʝ 

ʚʷʟʢʠʝ ʨʘʩʪʚʦʨʳ. ʈʘʩʧʘʜ ʧʦʣʠʤʝʨʘ ʥʘʯʠʥʘʝʪʩʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 250Áʉ, ʘ ʧʨʠ 

ʪʝʤʧʝʨʘʪʫʨʝ 280Áʉ ʧʨʦʠʩʭʦʜʠʪ ʦʙʫʛʣʠʚʘʥʠʝ. ʇʋʃ ʦʯʝʥʴ ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʠʤ ʚ 

ʚʦʜʝ, ʙʠʦʜʝʛʨʘʜʠʨʫʝʤ, ʥʝ ʧʦʜʚʝʨʞʝʥ ʚʦʟʜʝʡʩʪʚʠʶ ʬʝʨʤʝʥʪʦʚ ɾʂʊ ʯʝʣʦʚʝʢʘ 

(Vipul D. et al., 2013). ʂʨʦʤʝ ʥʘʪʠʚʥʦʛʦ ʇʋʃ, ʚʦʟʤʦʞʥʦ ʧʦʣʫʯʝʥʠʝ ʨʘʟʣʠʯʥʳʭ 

ʩʠʥʪʝʪʠʯʝʩʢʠʭ ʧʨʦʠʟʚʦʜʥʳʭ, ʢʦʪʦʨʳʝ ʫʚʝʣʠʯʠʚʘʶʪ ʝʛʦ ʘʢʪʠʚʥʦʩʪʴ ʠ ʨʘʩʰʠʨʷʶʪ 

ʦʙʣʘʩʪʠ ʧʨʠʤʝʥʝʥʠʷ. 

ɺ ʧʠʱʝʚʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʇʋʃ ʧʨʠʤʝʥʷʝʪʩʷ ʢʘʢ ʠʩʪʦʯʥʠʢ ʧʠʱʝʚʳʭ 

ʚʦʣʦʢʦʥ. ʆʥ ʥʝ ʧʦʜʚʝʨʞʝʥ ʚʦʟʜʝʡʩʪʚʠʶ ʘʤʠʣʘʟ ʤʣʝʢʦʧʠʪʘʶʱʠʭ ʠ ʦʢʘʟʳʚʘʝʪ 

ʩʪʠʤʫʣʠʨʫʶʱʠʡ ʵʬʬʝʢʪ ʥʘ ʨʦʩʪ ʧʦʣʝʟʥʳʭ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ (Yoneyama M. et al., 

1990). 

ʇʋʃ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚʤʝʩʪʦ ʢʨʘʭʤʘʣʘ ʚ ʨʘʟʣʠʯʥʳʭ ʤʫʯʥʳʭ ʠʟʜʝʣʠʷʭ 

ʧʨʠ ʵʪʦʤ ʜʦʩʪʠʛʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʷ ʩʨʦʢʘ ʛʦʜʥʦʩʪʠ, ʧʦʩʢʦʣʴʢʫ ʇʋʃ ʷʚʣʷʝʪʩʷ 

ʩʣʦʞʥʦ ʫʩʚʦʷʝʤʳʤ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʨʦʜʘ ʜʣʷ ʙʘʢʪʝʨʠʡ, ʧʣʝʩʝʥʠ ʠ ʛʨʠʙʦʚ, ʢʦʪʦʨʳʝ 

ʷʚʣʷʶʪʩʷ ʧʨʠʯʠʥʦʡ ʧʦʨʯʠ ʧʨʦʜʫʢʪʦʚ, ʘ ʪʘʢʞʝ ʇʋʃ ʣʫʯʰʝ, ʯʝʤ ʢʨʘʭʤʘʣ 

ʫʜʝʨʞʠʚʘʝʪ ʚʦʜʫ, ʯʪʦ ʧʨʝʧʷʪʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ ʚʳʩʳʭʘʥʠʶ. ʂʨʦʤʝ ʵʪʦʛʦ, ʇʋʃ 

ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʥʘʧʦʣʥʠʪʝʣʴ ʜʣʷ ʥʘʧʠʪʢʦʚ, ʩʦʫʩʦʚ, ʚ ʢʘʯʝʩʪʚʝ 

ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʚ ʩʦʩʪʘʚʝ ʤʘʡʦʥʝʟʘ, ʪʘʢʞʝ ʦʥ ʦʙʣʘʜʘʝʪ ʘʜʛʝʟʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. 
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ʈʠʩʫʥʦʢ 4 ï ʍʠʤʠʯʝʩʢʠʝ ʩʪʨʫʢʪʫʨʳ ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʝʥʳʭ 

ʧʨʦʠʟʚʦʜʥʳʭ ʧʫʣʣʫʣʘʥʘ (Vipul D. et al., 2013). 

 

 

ʇʨʠ ʚʳʩʳʭʘʥʠʠ ʨʘʩʪʚʦʨʘ ʇʋʃ (ʦʙʳʯʥʦ 5-10%) ʦʙʨʘʟʫʶʪʩʷ ʧʨʦʟʨʘʯʥʳʝ ʠ ʥʝ 

ʧʨʦʥʠʮʘʝʤʳʝ ʜʣʷ ʢʠʩʣʦʨʦʜʘ ʚʦʟʜʫʭʘ ʧʣʝʥʢʠ, ʢʦʪʦʨʳʝ ʦʙʣʘʜʘʶʪ ʦʪʣʠʯʥʳʤʠ 

ʤʝʭʘʥʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʇʨʠ ʧʦʧʘʜʘʥʠʠ ʪʘʢʠʭ ʧʣʝʥʦʢ ʚ ʚʦʜʫ ʠʣʠ ʨʦʪʦʚʫʶ 

ʧʦʣʦʩʪʴ ʧʨʦʠʩʭʦʜʠʪ ʠʭ ʙʳʩʪʨʦʝ ʨʘʩʪʚʦʨʝʥʠʝ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʩʚʦʡʩʪʚʘʤ ʦʥʠ 

ʤʦʛʫʪ ʙʳʪʴ ʧʨʠʤʝʥʝʥʳ ʚ ʢʘʯʝʩʪʚʝ ʟʘʱʠʪʥʳʭ ʦʙʦʣʦʯʝʢ ʜʣʷ ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ 

ʜʣʷ ʧʨʝʜʦʪʚʨʘʱʝʥʠʷ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʦʢʠʩʣʝʥʠʷ ʞʠʨʦʚ ʠ ʚʠʪʘʤʠʥʦʚ.  

ɺ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʇʋʃ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʤʦʛʫʪ ʙʳʪʴ 

ʠʩʧʦʣʴʟʦʚʘʥʳ ʢʘʢ ʚʦʜʦʨʘʩʪʚʦʨʠʤʳʡ ʩʪʦʤʘʪʦʣʦʛʠʯʝʩʢʠʡ ʘʜʛʝʟʠʚ, ʘ ʪʘʢʞʝ ʚ 

ʢʘʯʝʩʪʚʝ ʩʪʘʙʠʣʠʟʘʪʦʨʘ ʦʢʨʘʩʢʠ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʘʙʣʝʪʦʢ ʠʣʠ ʛʨʘʥʫʣ, ʧʦʢʨʳʪʳʭ 

ʩʘʭʘʨ ʩʦʜʝʨʞʘʱʝʡ ʦʙʦʣʦʯʢʦʡ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʠʤʝʥʝʥʠʝ ʇʋʃ ʧʦʟʚʦʣʷʝʪ ʫʣʫʯʰʘʪʴ 

ʩʪʘʙʠʣʴʥʦʩʪʴ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴ ʠ ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʦʩʪʴ ʤʠʢʨʦʩʬʝʨ, ʦʙʨʘʟʫʝʤʳʭ 

ʮʠʢʣʦʜʝʢʩʪʨʠʥʘʤʠ  (Fundueanu, G. et al., 2003). ʇʨʦʠʟʚʦʜʥʳʝ ʇʋʃ ʤʦʛʫʪ ʙʳʪʴ 
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ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ ʢʦʥʴʶʛʘʪʦʚ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʚʘʢʮʠʥ. ɺʠʨʫʩ, 

ʢʦʚʘʣʝʥʪʥʦ ʩʚʷʟʘʥʥʳʡ ʩ ʇʋʃ, ʜʦʩʪʦʚʝʨʥʦ ʫʩʠʣʠʚʘʝʪ ʚʳʨʘʙʦʪʢʫ 

ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ G ʠ ʄ ʠ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝʩʪʚʦ ʠʤʤʫʥʦʛʣʦʙʫʣʠʥʦʚ ɽ, ʧʨʠ ʵʪʦʤ 

ʩʘʤ ʚʠʨʫʩ ʥʘʜʝʞʥʦ ʠʥʘʢʪʠʚʠʨʫʝʪʩʷ. ʇʋʃ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʚ ʜʠʘʧʘʟʦʥʝ 30 ï 

90 ʢɼʘ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʢʨʦʚʝʟʘʤʝʥʠʪʝʣʷ. ʊʘʢʞʝ ʵʪʦʪ 

ʧʦʣʠʩʘʭʘʨʠʜ ʤʦʞʝʪ ʧʨʠʤʝʥʷʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ ʠʥʛʨʝʜʠʝʥʪʘ ʚ ʨʘʟʣʠʯʥʳʭ 

ʢʦʩʤʝʪʠʯʝʩʢʠʭ ʩʨʝʜʩʪʚʘʭ (Singh R. S. et al., 2008). 

ʇʦʩʢʦʣʴʢʫ ʇʋʃ, ʢʘʢ ʠ ʜʨʫʛʠʝ ʧʦʣʠʩʘʭʘʨʠʜʳ, ʦʙʣʘʜʘʝʪ ʩʨʦʜʩʪʚʦʤ ʢ ʣʝʢʪʠʥʦ-

ʧʦʜʦʙʥʳʤ ʨʝʮʝʧʪʦʨʘʤ ʢʣʝʪʦʢ ʧʝʯʝʥʠ (Seymour L. W. et al., 1991; Toth C. A. et al., 

1985), ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ 

ʚ ʵʪʦʪ ʦʨʛʘʥ. ɸʚʪʦʨʘʤʠ (Xi  K. et al., 1996) ʙʳʣ ʩʠʥʪʝʟʠʨʦʚʘʥ ʢʦʥʴʶʛʘʪ ʇʋʃ ʠ 

ʠʥʪʝʨʬʝʨʦʥʘ ʠ ʧʨʦʚʝʜʝʥʦ ʠʟʫʯʝʥʠʝ ʝʛʦ ʘʢʪʠʚʥʦʩʪʠ in vitro ʠ in vivo. ɺ ʭʦʜʝ 

ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʠʥʪʝʨʬʝʨʦʥ 

ʢʦʥʮʝʥʪʨʠʨʫʝʪʩʷ ʚ ʧʝʯʝʥʠ ʠ ʧʨʦʷʚʣʷʝʪ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʡ ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʡ 

ʵʬʬʝʢʪ. ɸʚʪʦʨʘʤʠ (Scomparina A. et al., 2011) ʙʳʣ ʧʦʣʫʯʝʥ ʢʦʥʴʶʛʘʪ ʇʋʃ ʩ 

ʜʦʢʩʦʨʫʙʠʮʠʥʦʤ ʠ ʠʟʫʯʝʥ ʝʛʦ ʮʠʪʦʪʦʢʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ. ʅʘ ʢʣʝʪʦʯʥʳʭ ʣʠʥʠʷʭ KB 

ʠ MCF7 ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʝʛʦ ʟʥʘʯʝʥʠʷ IC50 ʧʨʝʚʳʰʘʝʪ ʪʘʢʦʚʦʝ ʜʣʷ ʩʚʦʙʦʜʥʦʛʦ 

ʜʦʢʩʦʨʫʙʠʮʠʥʘ. ʊʘʢʦʝ ʨʘʟʣʠʯʠʝ ʦʙʲʷʩʥʷʝʪʩʷ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳʤ ʚʳʩʚʦʙʦʞʜʝʥʠʝʤ 

ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʩʨʝʜʩʪʚʘ ʠʟ ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʡ ʩʠʩʪʝʤʳ.   

ɺ ʙʦʣʴʰʝʡ ʩʪʝʧʝʥʠ ʜʣʷ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʨʘʟʣʠʯʥʳʭ ʣʝʢʘʨʩʪʚ ʠʟʫʯʘʶʪ 

ʨʘʟʣʠʯʥʳʝ ʩʠʥʪʝʪʠʯʝʩʢʠʝ ʧʨʦʠʟʚʦʜʥʳʝ ʇʋʃ: ʇʋʃ ʩ ʭʦʣʝʩʪʝʨʠʥʦʤ, ʧʫʣʣʫʣʘʥ 

ʘʮʝʪʘʪ, ʢʘʨʙʦʢʩʠ ʤʝʪʠʣ ʇʋʃ, ʇʋʃ ʩ ʜʠʵʪʠʣʝʥ ʪʨʠʘʤʠʥ ʧʝʥʪʘʫʢʩʫʩʥʦʡ ʢʠʩʣʦʪʦʡ, 

ʩʫʢʮʠʥʘʪ ʇʋʃ ʠ ʜʨ. ʇʨʠ ʵʪʦʤ ʧʨʠʤʝʥʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʯʘʩʪʠʮ ʇʋʃ: 

ʥʘʥʦʯʘʩʪʠʮʳ, ʥʘʥʦʛʝʣʠ, ʣʠʧʦʩʦʤʳ, ʤʠʢʨʦʩʬʝʨʳ ʠ ʢʦʥʴʶʛʘʪʳ. ʇʝʨʝʯʝʥʴ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʩʨʝʜʩʪʚ ʪʘʢʞʝ ʦʙʰʠʨʝʥ ʠ ʚʢʣʶʯʘʝʪ ʠʥʩʫʣʠʥ, ʜʦʮʝʪʘʢʩʝʣ, 

ʘʜʨʠʘʤʠʮʠʥ, ʜʦʢʩʦʨʫʙʠʮʠʥ, ʢʣʦʥʘʟʝʧʘʤ, ʵʧʠʨʫʙʠʮʠʥ, ʠʥʜʦʤʝʪʘʮʠʥ ʠ ʜʨ. (Singh R. 

S. et al., 2015). ɹʦʣʴʰʠʥʩʪʚʦ ʦʧʫʙʣʠʢʦʚʘʥʥʳʭ ʨʘʙʦʪ ʧʦ ʵʪʦʡ ʪʝʤʘʪʠʢʝ, ʢʘʢ 

ʧʨʘʚʠʣʦ, ʦʧʠʩʳʚʘʝʪ ʵʢʩʧʝʨʠʤʝʥʪʳ in vitro.  
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 1.3. ɸʣɹʛʠʥʘʪʳ 

 

 

ʈʠʩʫʥʦʢ 5 ï ʉʪʨʫʢʪʫʨʘ ʘʣʛɹʠʥʘʪʦʚ. 

 

ɸʣɹʛʠʥʘʪʳ (ɸʃɻ) ʵʪʦ ʦʙʱʝʝ ʥʘʟʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʧʨʠʨʦʜʥʳʭ ʥʝ 

ʨʘʟʚʝʪʚʣʝʥʥʳʭ ʧʦʣʠʘʥʠʦʥʥʳʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʩʦʩʪʦʷʱʠʭ ʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ 

ʝʜʠʥʠʮ ɓ-D-ʤʘʥʥʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (ʄ) ʠ Ŭ-L-ʛʫʣʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ (G) 

ʩʚʷʟʘʥʥʳʭ ʤʝʞʜʫ ʩʦʙʦʡ 1Ÿ4 ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ. ʄʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʵʪʠʭ 

ʧʦʣʠʩʘʭʘʨʠʜʦʚ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ, ʦʪ 32 ʜʦ 400 ʢʛ/ʤʦʣʴ. 

ʆʩʥʦʚʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ɸʃɻ ʷʚʣʷʶʪʩʷ ʨʘʟʣʠʯʥʳʝ ʚʠʜʳ ʙʫʨʳʭ ʚʦʜʦʨʦʩʣʝʡ 

Macrocystis pyrifera, Laminaria hyperborea, Ascophyllum nodosum  (Sosnik A. et al., 

2014). ʉʪʨʫʢʪʫʨʫ ʘʣɹʛʠʥʘʪʦʚ ʩʦʩʪʘʚʣʷʶʪ ʛʦʤʦʧʦʣʠʤʝʨʥʳʝ ʙʣʦʢʠ ʄʄ ʠʣʠ GG ʩ 

ʚʢʨʘʧʣʝʥʠʝʤ ʛʝʪʝʨʦʧʦʣʠʤʝʨʥʳʭ ʙʣʦʢʦʚ MG ʠʣʠ GM. ʉʦʦʪʥʦʰʝʥʠʝ ʵʪʠʭ ʙʣʦʢʦʚ 

ʨʘʟʣʠʯʘʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʩʪʦʯʥʠʢʘ ʧʦʣʫʯʝʥʠʷ ɸʃɻ. ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʚʦʜʳ 

ʘʣʴʛʠʥʦʚʘʷ ʢʠʩʣʦʪʘ ʟʘ ʩʯʝʪ ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʦʙʨʘʟʫʝʪ ʚʷʟʢʠʡ 

çʢʠʩʣʦʪʥʳʡ ʛʝʣʴè. ʄʝʭʘʥʠʟʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʦʙʲʷʩʥʷʝʪʩʷ ʤʦʜʝʣʴʶ çʷʠʯʥʦʡ 

ʢʦʨʦʙʢʠè, ʛʜʝ ʦʜʠʥ ʜʚʫʭʚʘʣʝʥʪʥʳʡ ʢʘʪʠʦʥ ʚʟʘʠʤʦʜʝʡʩʪʚʫʝʪ ʩ ʯʝʪʳʨʴʤʷ ïCOOH 

ʛʨʫʧʧʘʤʠ.  
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ʈʠʩʫʥʦʢ 6 ï ʉʭʝʤʘʪʠʯʝʩʢʦʝ ʠʟʦʙʨʘʞʝʥʠʝ ʠ ʢʦʦʨʜʠʥʘʮʠʷ ʠʦʥʘ ʢʘʣʴʮʠʷ ʩ 

ʧʦʤʦʱʴʶ ʤʦʜʝʣʠ çʷʠʯʥʦʡ ʢʦʨʦʙʢʠè. ʊʝʤʥʳʝ ʢʨʫʛʠ ʧʨʝʜʩʪʘʚʣʷʶʪ ʘʪʦʤʳ 

ʢʠʩʣʦʨʦʜʘ, ʚʦʚʣʝʯʝʥʥʳʝ ʚ ʢʦʦʨʜʠʥʘʮʠʶ ʠʦʥʘ ʢʘʣʴʮʠʷ (Braccini I. et al. 2001).  

 

ʇʦʩʣʝ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ, ʤʦʣʝʢʫʣʳ ʚʦʜʳ ʬʠʟʠʯʝʩʢʠ ʟʘʭʚʘʪʳʚʘʶʪʩʷ ʚʥʫʪʨʴ 

ʘʣʴʛʠʥʦʚʦʡ ʤʘʪʨʠʮʳ, ʥʦ ʧʨʠ ʵʪʦʤ ʩʦʭʨʘʥʷʶʪ ʧʦʜʚʠʞʥʦʩʪʴ ʠ ʩʧʦʩʦʙʥʦʩʪʴ 

ʧʦʢʠʥʫʪʴ ʝʝ. ʕʪʦ ʩʚʦʡʩʪʚʦ ʥʘ ʧʨʦʪʷʞʝʥʠʠ ʙʦʣʝʝ ʪʨʝʭ ʜʝʩʷʪʠʣʝʪʠʡ ʠʩʧʦʣʴʟʫʝʪʩʷ 

ʜʣʷ ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʠʷ ʨʘʟʣʠʯʥʳʭ ʃʉ, ʙʝʣʢʦʚ, ʛʝʥʦʚ ʠ ʢʣʝʪʦʢ. ɸʃɻ ʦʙʣʘʜʘʶʪ 

ʤʫʢʦʘʜʛʝʟʠʚʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʧʦʣʥʦʩʪʴʶ ʙʠʦʩʦʚʤʝʩʪʠʤʳ ʠ ʥʝ ʚʳʟʳʚʘʶʪ 

ʨʘʟʜʨʘʞʝʥʠʷ ʧʨʠ ʧʦʧʘʜʘʥʠʠ ʚ ʞʠʚʦʡ ʦʨʛʘʥʠʟʤ. ʀʭ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʧʨʦʠʟʚʦʜʩʪʚʘ 

ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʬʦʨʤ, ʚ ʩʦʩʪʘʚʝ ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʭ ʧʦʚʷʟʦʢ, ʘ ʪʘʢʞʝ ʜʣʷ ʦʩʪʘʥʦʚʢʠ 

ʢʨʦʚʦʪʝʯʝʥʠʡ ʚ ʢʘʯʝʩʪʚʝ ʛʝʤʦʩʪʘʪʠʢʘ. ʂʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʤʠ ʷʚʣʷʶʪʩʷ ʙʦʣʝʝ 

200 ʚʠʜʦʚ ɸʃɻ (Tßnnesen ʅ. H. et al., 2002).   

ɸʃɻ ʷʚʣʷʝʪʩʷ ʛʠʜʨʦʬʠʣʴʥʳʤ ʧʦʣʠʤʝʨʦʤ, ʧʦʵʪʦʤʫ ʚʳʩʚʦʙʦʞʜʝʥʠʝ 

ʠʥʢʘʧʩʫʣʠʨʦʚʘʥʥʳʭ ʚ ʥʝʛʦ ʤʦʣʝʢʫʣ ʃʉ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʨʘʟʥʳʤʠ ʧʫʪʷʤʠ. 

ɺʦʜʦʨʘʩʪʚʦʨʠʤʳʝ ʚʝʱʝʩʪʚʘ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʦʢʠʜʘʶʪ ʤʘʪʨʠʮʫ ʧʫʪʝʤ ʜʠʬʬʫʟʠʠ, 

ʪʦʛʜʘ ʢʘʢ ʧʣʦʭʦ-ʨʘʩʪʚʦʨʠʤʳʝ ʚ ʚʦʜʝ ʚʝʱʝʩʪʚʘ ʚʳʩʚʦʙʦʞʜʘʶʪʩʷ ʧʫʪʝʤ ʨʘʟʨʫʰʝʥʠʷ 

ʤʘʪʨʠʮʳ ɸʃɻ. ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʤʘʣʝʥʴʢʠʭ ʤʦʣʝʢʫʣ ʧʨʦʠʩʭʦʜʠʪ ʙʳʩʪʨʦ, 

ʧʦʩʢʦʣʴʢʫ ʜʠʘʤʝʪʨ ʧʦʨ ʤʘʪʨʠʮʳ ʘʣʛɹʠʥʘʪʦʚ ʩʦʩʪʘʚʣʷʝʪʩʷ ʧʨʠʤʝʨʥʦ 5 ʥʤ 

(Boontheekul T. et al., 2005). ʆʜʥʘʢʦ, ʧʨʠ ʥʝʦʙʭʦʜʠʤʦʩʪʠ ʚʦʟʤʦʞʥʦ ʬʠʟʠʯʝʩʢʦʝ 
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ʠʣʠ ʭʠʤʠʯʝʩʢʦʝ ʩʚʷʟʳʚʘʥʠʝ ʤʦʣʝʢʫʣʳ ʃʉ ʩ ʤʘʪʨʠʮʝʡ, ʯʪʦ ʧʦʟʚʦʣʠʪ 

ʧʨʦʣʦʥʛʠʨʦʚʘʪʴ ʝʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʝ (Sosnik A. et al., 2014).  

ʆʜʥʘʢʦ, ʥʝ ʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʚ ʙʠʦʣʦʛʠʠ ʠ ʤʝʜʠʮʠʥʝ, ʥʝ 

ʫʪʠʭʘʶʪ ʩʧʦʨʳ ʦ ʪʘʢʠʭ ʥʝʞʝʣʘʪʝʣʴʥʳʭ ʧʦʙʦʯʥʳʭ ʵʬʬʝʢʪʘʭ ɸʃɻ, ʢʘʢ 

ʠʤʤʫʥʦʛʝʥʥʦʩʪʴ. ʆʥʘ ʤʦʞʝʪ ʙʳʪʴ ʚʳʟʚʘʥʘ ʢʘʢ ʢʘʯʝʩʪʚʦʤ ʠ ʯʠʩʪʦʪʦʡ 

ʙʠʦʤʘʪʝʨʠʘʣʘ, ʪʘʢ ʠ ʙʣʘʛʦʜʘʨʷ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʠʤʤʫʥʦʛʝʥʥʦʩʪʠ ɸʃɻ, ʚ ʩʚʷʟʠ ʩ 

ʚʦʟʤʦʞʥʳʤ ʥʘʣʠʯʠʝʤ ʚ ʩʦʩʪʘʚʝ ʢʦʥʝʯʥʦʛʦ ʧʨʦʜʫʢʪʘ ʩʣʝʜʦʚ ʪʷʞʝʣʳʭ ʤʝʪʘʣʣʦʚ, 

ʵʥʜʦʪʦʢʩʠʥʦʚ, ʙʝʣʢʦʚ ʠʣʠ ʧʦʣʠʬʝʥʦʣʴʥʳʭ ʩʦʝʜʠʥʝʥʠʡ (Kurt I. et al., 2011; Lee K. 

Y. et al., 2012).    

ʉʘʤʠ ʧʦ ʩʝʙʝ ɸʃɻ ʥʝ ʧʝʨʝʨʘʙʘʪʳʚʘʶʪʩʷ ʤʣʝʢʦʧʠʪʘʶʱʠʤʠ, ʧʦʩʢʦʣʴʢʫ ʜʣʷ 

ʵʪʦʛʦ ʫ ʥʠʭ ʥʝʪ ʥʝʦʙʭʦʜʠʤʳʭ ʬʝʨʤʝʥʪʦʚ (ʥʘʧʨʠʤʝʨ, ʘʣʴʛʠʥʘʟʳ), ʢʦʪʦʨʳʝ ʤʦʛʣʠ 

ʙʳ ʨʘʟʲʝʜʠʥʠʪʴ ʮʝʧʦʯʢʠ ʧʦʣʠʤʝʨʘ, ʦʜʥʘʢʦ ʠʦʥʥʳʝ ʧʦʧʝʨʝʯʥʦ ʩʰʠʪʳʝ 

ʘʣʴʛʠʥʘʪʥʳʝ ʛʝʣʠ ʤʦʛʫʪ ʙʳʪʴ ʨʘʩʪʚʦʨʝʥʳ ʧʦʩʨʝʜʩʪʚʦʤ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʜʚʫʭʚʘʣʝʥʪʥʦʛʦ ʠʦʥʘ, ʦʙʝʩʧʝʯʠʚʘʶʱʝʛʦ ʩʰʠʚʘʥʠʝ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʧʨʦʠʩʭʦʜʠʪ 

ʧʫʪʝʤ ʨʝʘʢʮʠʠ ʦʙʤʝʥʘ ʩ ʦʢʨʫʞʘʶʱʝʡ ʩʨʝʜʦʡ ʥʘ ʦʜʥʦʚʘʣʝʥʪʥʳʡ ʢʘʪʠʦʥ, ʪʘʢʦʡ ʢʘʢ 

Na
+
. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʘʞʝ ʧʨʠ ʵʪʦʤ ʩʨʝʜʥʷʷ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ ʙʦʣʴʰʠʥʩʪʚʘ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʭ ɸʃɻ ʦʩʪʘʝʪʩʷ ʙʦʣʴʰʦʡ ʜʣʷ ʧʨʝʦʜʦʣʝʥʠʷ ʧʦʯʝʯʥʦʛʦ 

ʙʘʨʴʝʨʘ ʠ ʧʦʣʥʦʛʦ ʚʳʚʝʜʝʥʠʷ ʩ ʤʦʯʦʡ (Al-Shamkhani A. et al., 1995). ɼʣʷ 

ʧʦʚʳʰʝʥʠʷ ʙʠʦʜʝʛʨʘʜʘʮʠʠ ɸʃɻ ʠʩʧʦʣʴʟʫʶʪ ʯʘʩʪʠʯʥʦʝ ʦʢʠʩʣʝʥʠʝ ʝʛʦ ʮʝʧʝʡ. ɺ 

ʪʘʢʦʤ ʚʠʜʝ ɸʃɻ ʤʦʞʝʪ ʨʘʟʨʫʰʘʪʴʩʷ ʚ ʚʦʜʥʦʡ ʩʨʝʜʝ ʠ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʢʘʯʝʩʪʚʝ 

ʥʦʩʠʪʝʣʷ ʃʉ ʠ ʢʣʝʪʦʢ (Lee K. Y. et al., 2012). 

1.4. ɻʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ 

 

ɻʠʘʣʫʨʦʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɻʃʂ) ï ʧʨʠʨʦʜʥʳʡ ʣʠʥʝʡʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ, 

ʩʦʩʪʦʷʱʠʡ ʠʟ ʧʦʚʪʦʨʷʶʱʠʭʩʷ ʝʜʠʥʠʮ N-ʘʮʝʪʠʣ-D-ʛʣʶʢʦʟʘʤʠʥʘ ʠ D-

ʛʣʶʢʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩ ʤʦʥʦʩʘʭʘʨʠʜʘʤʠ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʚʤʝʩʪʝ ʧʦʩʨʝʜʩʪʚʦʤ 

ʯʝʨʝʜʫʶʱʠʭʩʷ ɓ-1,3 ʠ ɓ-1,4 ʛʣʠʢʦʟʠʜʥʳʭ ʩʚʷʟʝʡ (Meyer K. et al., 1934). ʇʦʩʢʦʣʴʢʫ 

ʟʥʘʯʝʥʠʷ ʨʂʘ ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ɻʃʂ ʩʦʩʪʘʚʣʷʶʪ 3-4, ʪʦ ʚ ʫʩʣʦʚʠʷʭ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʦʛʦ ʨʅ 7,4 ʵʪʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʝ ʛʨʫʧʧʳ ʥʘʭʦʜʷʪʩʷ ʚ 
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ʠʦʥʠʟʠʨʦʚʘʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʩʘʤʘ ɻʃʂ ʷʚʣʷʝʪʩʷ ʧʦʣʠʘʥʠʦʥʦʤ ʠ ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ 

ʛʠʘʣʫʨʦʥʘʥ (Laurent T. C. et al., 1992). ʄʦʣʝʢʫʣʷʨʥʳʝ ʤʘʩʩʳ ɻʃʂ ʤʦʛʫʪ 

ʥʘʭʦʜʠʪʴʩʷ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 20 ʜʦ 4000 ʢɼʘ. ɺ ʨʘʩʪʚʦʨʘʭ ʮʝʧʠ 

ɻʃʂ ʦʙʨʘʟʫʶʪ ʧʨʦʠʟʚʦʣʴʥʳʝ ʩʧʠʨʘʣʠ. ɺ ʪʘʢʠʭ ʫʩʣʦʚʠʷʭ ʧʦʣʠʩʘʭʘʨʠʜ ʷʚʣʷʝʪʩʷ 

ʢʨʘʡʥʝ ʛʠʜʨʦʬʠʣʴʥʳʤ ʠ ʦʢʨʫʞʝʥ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ, ʢʦʪʦʨʳʝ ʩʚʷʟʘʥʳ ʩ ʥʠʤ ʧʨʠ 

ʧʦʤʦʱʠ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ. ɹʣʘʛʦʜʘʨʷ ʪʘʢʠʤ ʬʠʟʠʢʦ-ʭʠʤʠʯʝʩʢʠʤ ʩʚʦʡʩʪʚʘʤ 

ʨʘʩʪʚʦʨʳ ɻʃʂ ʦʯʝʥʴ ʚʷʟʢʠʝ ʠ ʵʣʘʩʪʠʯʥʳʝ (Schante C. E. et al., 2011).   

 

 

ʈʠʩʫʥʦʢ 7 ï ʉʪʨʫʢʪʫʨʘ ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

ɺ ʧʨʠʨʦʜʝ ɻʃʂ ʚ ʦʩʥʦʚʥʦʤ ʚʩʪʨʝʯʘʝʪʩʷ ʚʦ ʚʥʝʢʣʝʪʦʯʥʦʤ ʤʘʪʨʠʢʩʝ 

ʩʦʝʜʠʥʠʪʝʣʴʥʦʡ ʪʢʘʥʠ ʠ ʚ ʙʦʣʴʰʦʤ ʢʦʣʠʯʝʩʪʚʝ ʚ ʩʪʝʢʣʦʚʠʜʥʦʤ ʪʝʣʝ ʛʣʘʟʥʦʛʦ 

ʷʙʣʦʢʘ. ʂʨʦʤʝ ʵʪʦʛʦ, ʦʥʘ ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʠ ʢʣʝʪʢʠ, 

ʧʦʩʢʦʣʴʢʫ ʦʢʘʟʳʚʘʝʪ ʚʣʠʷʥʠʝ ʥʘ ʧʨʦʣʠʬʝʨʘʮʠʶ, ʤʠʛʨʘʮʠʶ ʠ ʤʦʜʫʣʠʨʦʚʘʥʠʝ 

ʚʥʫʪʨʠʢʣʝʪʦʯʥʳʡʭ ʩʠʛʥʘʣʦʚ (Raemdonck K. et al., 2013).   

ɼʣʷ ʬʘʨʤʘʮʝʚʪʠʢʠ ɻʂ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʚ ʩʚʷʟʠ ʩ ʪʝʤ, ʯʪʦ ʷʚʣʷʝʪʩʷ 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤʳʤ, ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ, ʥʝ ʪʦʢʩʠʯʥʳʤ ʠ ʥʝ ʠʤʤʫʥʦʛʝʥʥʳʤ 

ʧʦʣʠʤʝʨʦʤ. ʂʨʦʤʝ ʵʪʦʛʦ ɻʃʂ ʤʦʞʝʪ ʙʳʪʴ ʭʠʤʠʯʝʩʢʠ ʤʦʜʠʬʠʮʠʨʦʚʘʥʘ ʧʫʪʝʤ 

ʨʝʘʢʮʠʡ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʩʰʠʚʘʥʠʷ ʠʣʠ ʢʦʥʲʶʛʘʮʠʠ ʩʦ ʩʚʦʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 

ʛʨʫʧʧʘʤʠ (Tripodo G. et al., 2015). ɺ ʤʝʜʠʮʠʥʝ ɻɸ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʣʝʯʝʥʠʷ 

ʦʩʪʝʦʘʨʪʨʠʪʦʚ (Hyalgan
È
, Artz

È
, Orthovisc

È
, Healon

È
  ʠ ʜʨ.), ʚ ʛʣʘʟʥʦʡ ʠ 

ʧʣʘʩʪʠʯʝʩʢʦʡ ʭʠʨʫʨʛʠʠ (Bionect
È
, Connettivina

È
, Jossalind

È
), ʘ ʪʘʢʞʝ ʚ ʪʢʘʥʝʚʦʡ 

ʠʥʞʝʥʝʨʠʠ (Liao Y.-H. et al., 2005). ɺ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ɻʃʂ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ 
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ʨʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʜʦʩʪʘʚʢʠ ʃʉ ʚ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʦʡ ʪʝʨʘʧʠʠ (ʢʦʥʴʶʛʘʪʳ 

ʩ ʜʦʢʩʦʨʫʙʠʮʠʥʦʤ, ʧʘʢʣʠʪʘʢʩʝʣʦʤ, ʮʠʩʧʣʘʪʠʥʦʤ), ʜʣʷ ʜʦʩʪʘʚʢʠ ʙʝʣʢʦʚ, ʧʝʧʪʠʜʦʚ 

ʠ ʥʫʢʣʝʦʪʠʜʦʚ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʭ ʩʨʝʜʩʪʚ (ʢʦʥʴʶʛʘʪʳ ʩ ʤʝʪʦʪʨʝʢʩʘʪʦʤ, 

ʜʝʢʩʘʤʝʪʘʟʦʥʦʤ, ʤʝʪʠʣʧʨʝʜʥʠʟʘʣʦʥʦʤ), ʘ ʪʘʢʞʝ ʜʣʷ ʜʦʩʪʘʚʢʠ ʢʦʥʪʨʘʩʪʥʳʭ 

ʘʛʝʥʪʦʚ, ʧʦʩʢʦʣʴʢʫ ɻʃʂ ʩʧʦʩʦʙʥʘ ʩʧʝʮʠʬʠʯʝʩʢʠ ʦʧʦʟʥʘʚʘʪʴ ʨʝʮʝʧʪʦʨʳ, 

ʵʢʩʧʨʝʩʩʠʷ ʢʦʪʦʨʳʭ ʧʦʚʳʰʝʥʘ ʚ ʨʘʟʣʠʯʥʳʭ ʥʝʟʜʦʨʦʚʳʭ ʢʣʝʪʢʘʭ (Tripodo G. et al., 

2014).   

ɹʦʣʴʰʦʝ ʚʥʠʤʘʥʠʝ ɻʃʂ ʧʨʠʚʣʝʢʘʝʪ ʚ ʢʘʯʝʩʪʚʝ ʩʠʩʪʝʤʳ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚ ʚ 

ʢʦʞʫ. ʂʘʢ ʠʟʚʝʩʪʥʦ, ʢʦʞʥʳʝ ʧʦʢʨʦʚʳ ʧʦʢʨʳʪʳ ʨʦʛʦʚʳʤ ʩʣʦʝʤ, ʥʝʧʨʦʥʠʮʘʝʤʳʤ 

ʙʘʨʴʝʨʦʤ ʜʣʷ ʨʘʟʣʠʯʥʦʛʦ ʨʦʜʘ ʚʝʱʝʩʪʚ, ʚ ʪʦʤ ʯʠʩʣʝ ʠ ʜʣʷ ʃʉ (Liao Y.-H. et al., 

2005). ʅʘ ʤʠʨʦʚʦʤ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʤ ʨʳʥʢʝ ʩʫʱʝʩʪʚʫʝʪ ʧʨʝʧʘʨʘʪ ʧʦʜ ʪʦʨʛʦʚʦʡ 

ʤʘʨʢʦʡ Solaraze
È
, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʛʝʣʴ, ʩʦʜʝʨʞʘʱʠʡ ʛʠʘʣʫʨʦʥʘʪ 

ʥʘʪʨʠʷ ʠ 3% ʜʠʢʣʦʬʝʥʘʢʘ ʥʘʪʨʠʷ. ʆʩʥʦʚʥʳʤ ʧʦʢʘʟʘʥʠʝʤ ʜʣʷ ʥʝʛʦ ʷʚʣʷʝʪʩʷ 

ʘʢʪʠʥʠʯʝʩʢʠʡ ʢʝʨʘʪʦʟ, ʟʘʙʦʣʝʚʘʥʠʝ ʢʦʞʠ, ʚʳʟʚʘʥʥʦʝ ʜʣʠʪʝʣʴʥʳʤ ʚʦʟʜʝʡʩʪʚʠʝʤ 

ʩʦʣʥʝʯʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʘʢ ʧʨʘʚʠʣʦ, ʦʥʦ ʧʦʷʚʣʷʝʪʩʷ ʥʘ ʢʦʞʝ ʛʦʣʦʚʳ, ʣʠʮʘ, ʩʧʠʥʳ 

ʠ ʨʫʢ ʫ ʣʶʜʝʡ ʩʦ ʩʚʝʪʣʦʡ ʢʦʞʝʡ ʠ ʚ ʚʦʟʨʘʩʪʝ ʙʦʣʝʝ 50 ʣʝʪ. ɺ ʉʐɸ ʵʪʦ 

ʟʘʙʦʣʝʚʘʥʠʝ ʷʚʣʷʝʪʩʷ ʪʨʝʪʴʠʤ ʧʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʠ ʩʨʝʜʠ ʢʦʞʥʳʭ ʙʦʣʝʟʥʝʡ 

(Liao Y.-H. et al., 2005). ʊʦʯʥʳʡ ʤʝʭʘʥʠʟʤ ʜʝʡʩʪʚʠʷ ʅʇɺʉ ʥʘ ʜʘʥʥʳʡ ʚʠʜ 

ʢʘʨʮʠʥʦʤʳ ʥʝ ʠʟʚʝʩʪʝʥ, ʦʜʥʘʢʦ ʧʨʝʜʧʦʣʘʛʘʶʪ, ʯʪʦ ʵʪʦ ʩʚʷʟʘʥʦ ʩʦ ʩʥʠʞʝʥʠʝʤ 

ʩʠʥʪʝʟʘ PGE2. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʘʚʪʦʨʘʤʠ (Brown M. B. et al., 1995; Brown M. B. et al., 

2002; Brown M. B. et al., 2001) in vitro ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ɻʃʂ ʜʦʩʪʦʚʝʨʥʦ 

ʫʩʠʣʠʚʘʝʪ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʠʢʣʦʬʝʥʘʢʘ ʚ ʢʦʞʫ ʯʝʣʦʚʝʢʘ ʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʝʛʦ 

ʥʘʢʦʧʣʝʥʠʶ ʚ ʵʧʠʜʝʨʤʠʩʝ. ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʙʳʣ ʧʦʜʪʚʝʨʞʜʝʥ ʜʨʫʛʠʤʠ 

ʠʩʩʣʝʜʦʚʘʥʠʷʤʠ, ʛʜʝ ʪʘʢʞʝ ʙʳʣʦ ʦʪʤʝʯʝʥʦ ʜʝʧʦʥʠʨʦʚʘʥʠʝ ʜʠʢʣʦʬʝʥʘʢʘ ʚ 

ʵʧʠʜʝʨʤʠʩʝ (McEwan L. E. et al., 1997; Wolf J. E. et al., 2001). ɸʥʘʣʦʛʠʯʥʳʡ 

ʵʬʬʝʢʪ ɻʂ ʦʢʘʟʳʚʘʝʪ ʠ ʥʘ ʜʨʫʛʠʝ ʃʉ ï ʠʙʫʧʨʦʬʝʥ, ʢʣʠʥʜʘʤʠʮʠʥ ʬʦʩʬʘʪ, 

ʮʠʢʣʦʩʧʦʨʠʥ (Brown M. B. et al., 2001; Amr S. K. et al., 2000; Brown M. B. et al., 

1996; Nazir T. et al. 2001). 

ʄʝʩʪʥʦʝ ʧʨʠʤʝʥʝʥʠʝ ʃʉ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʛʣʘʟʘ ʷʚʣʷʝʪʩʷ ʝʱʝ ʦʜʥʦʡ 

ʦʙʣʘʩʪʴʶ ʫʩʧʝʰʥʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ɻʃʂ ʚ ʢʘʯʝʩʪʚʝ ʤʫʢʦʘʜʛʝʟʠʚʥʦʛʦ ʚʷʟʢʦ-
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ʵʣʘʩʪʠʯʥʦʛʦ ʥʦʩʠʪʝʣʷ. ɺʦ ʤʥʦʛʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɻʃʂ ʩʧʦʩʦʙʥʦ 

ʧʨʦʣʦʥʛʠʨʦʚʘʪʴ ʧʨʝʢʦʨʥʠʘʣʴʥʫʶ ʵʢʩʧʦʟʠʮʠʶ ʠ/ʠʣʠ ʫʚʝʣʠʯʠʪʴ ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ 

ʧʠʣʦʢʘʨʧʠʥʘ (Gurny R. et al., 1987; Bucolo C. et al., 1999; Saettone M. F. et al., 

1994), ʪʨʦʧʠʢʘʤʠʜ (Herrero-Vanrell R. et al., 2000; Saettone M. F. et al., 1989), 

ʪʠʤʦʣʦʣ (Bucolo C. et al., 1998), ʛʝʥʪʘʤʠʮʠʥ (Moreira C. A. et al., 1991a; Moreira C. 

A. et al., 1991ʙ), ʪʦʙʨʘʤʠʮʠʥ (Gandolfi S. A. et al., 1992).  

ʀʩʧʦʣʴʟʦʚʘʥʠʝ ʤʫʢʦʘʜʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ ɻʃʂ ʧʦʟʠʪʠʚʥʦ ʚʣʠʷʝʪ ʥʘ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʴ ʃʉ ʧʨʠʤʝʥʷʝʤʳʭ ʠʥʪʨʘʥʘʟʘʣʴʥʦ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ ʤʦʞʥʦ 

ʧʨʠʚʝʩʪʠ ʢʩʠʣʦʤʝʪʘʟʘʣʠʥ, ʚʘʟʦʧʨʝʩʩʠʥ (ʫʚʝʣʠʯʝʥʠʝ ʚ 2 ʨʘʟʘ) ʠ 1-ʜʝʘʤʠʥʦ-8-D-

ʘʨʛʠʥʠʥ ʚʘʟʦʧʨʝʩʩʠʥ (ʫʚʝʣʠʯʝʥʠʝ ʚ 1,6 ʨʘʟʘ). ʅʘʙʣʶʜʘʝʤʳʡ ʵʬʬʝʢʪ ʟʘʚʠʩʠʪ ʦʪ 

ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ɻʃʂ, ʪʘʢ ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʧʨʦʷʚʣʷʝʪʩʷ ʧʨʠ ʤʘʩʩʝ 

ʙʦʣʝʝ 300 ʢɼʘ, ʘ ʧʨʠ ʙʦʣʝʝ ʥʠʟʢʠʭ ʟʥʘʯʝʥʠʷʭ (55 ʢɼʘ) ʦʪʩʫʪʩʪʚʫʝʪ (Liao Y.-H. et 

al., 2005). ʂʨʦʤʝ ʵʪʦʛʦ, ʜʦʙʘʚʣʝʥʠʝ ɻʃʂ ʚ ʩʪʨʫʢʪʫʨʫ ʤʠʢʨʦʩʬʝʨ ʧʨʠʚʦʜʠʪ ʢ 

ʫʩʠʣʝʥʠʶ ʠʭ ʤʫʢʦʘʜʛʝʟʠʚʥʳʭ ʩʚʦʡʩʪʚ. ɺʩʣʝʜʩʪʚʠʝ ʵʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ 

ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʤʦʣʝʢʫʣ ʃʉ, ʟʘʢʣʶʯʝʥʥʳʭ ʚ ʪʘʢʠʭ ʤʠʢʨʦʩʬʝʨʘʭ (Lim S. T. et al., 

2002). ɸʚʪʦʨʘʤʠ (Lim S. T. et al., 2002) ʙʳʣʦ ʧʦʢʘʟʘʥʦ ʫʚʝʣʠʯʝʥʠʝ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ 

ʛʝʥʪʘʤʠʮʠʥʘ ʥʘ 23,3% ʧʨʠ ʝʛʦ ʠʥʪʨʘʥʘʟʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʚ ʤʠʢʨʦʩʬʝʨʘʭ ʥʘ ʦʩʥʦʚʝ 

ɻʃʂ. 

ɸʚʪʦʨʘʤʠ (Morimoto K. et al., 2001; Surendrakumar K. et al., 2003) ɻʃʂ ʙʳʣʘ 

ʠʩʧʦʣʴʟʦʚʘʥʘ ʜʣʷ ʫʣʫʯʰʝʥʠʷ ʘʙʩʦʨʙʮʠʠ ʠʥʩʫʣʠʥʘ ʧʨʠ ʝʛʦ ʠʥʛʘʣʷʮʠʦʥʥʦʤ 

ʚʚʝʜʝʥʠʠ. ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠʤʝʥʝʥʠʝ ʵʪʦʛʦ ʧʦʣʠʩʘʭʘʨʠʜʘ ʧʨʠʚʦʜʠʪ ʢ 

ʣʫʯʰʝʤʫ ʚʩʘʩʳʚʘʥʠʶ ʛʦʨʤʦʥʘ ʠ ʙʦʣʝʝ ʚʳʨʘʞʝʥʥʦʤʫ ʩʥʠʞʝʥʠʶ ʫʨʦʚʥʶ ʛʣʶʢʦʟʳ 

ʫ ʩʦʙʘʢ.  

ʂʨʦʤʝ ʵʪʦʛʦ, ɻʃʂ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʶʪ ʜʣʷ ʤʦʜʠʬʠʢʘʮʠʠ ʣʠʧʦʩʦʤ, 

ʩʦʚʤʝʩʪʥʦ ʩ ʜʨʫʛʠʤ ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʭʠʪʦʟʘʥʦʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʜʦʩʪʘʚʢʠ ʤʦʣʝʢʫʣ 

ɼʅʂ (Liao Y.-H. et al., 2005).  
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1.5. ɼʝʢʩʪʨʘʥʳ. 

 

ɼʝʢʩʪʨʘʥʳ (ɼʂ) ʵʪʦ ʧʦʣʠʤʝʨʳ ʛʣʶʢʦʟʳ, ʢʦʪʦʨʳʝ ʚ ʤʝʜʠʮʠʥʝ ʧʨʠʤʝʥʷʶʪʩʷ 

ʫʞʝ ʙʦʣʝʝ 50 ʣʝʪ ʚ ʢʘʯʝʩʪʚʝ ʟʘʤʝʥʠʪʝʣʷ ʧʣʘʟʤʳ ʠ ʘʥʪʠʪʨʦʤʙʦʣʠʪʠʯʝʩʢʦʛʦ 

ʩʨʝʜʩʪʚʘ (Thoren L. et al., 1981). ɼʂ ʤʦʛʫʪ ʙʳʪʴ ʧʦʣʫʯʝʥʳ ʤʠʢʨʦʙʠʦʣʦʛʠʯʝʩʢʠʤ 

ʩʠʥʪʝʟʦʤ ʠʟ ʛʣʶʢʦʟʳ ʠʣʠ ʩʠʥʪʝʪʠʯʝʩʢʠ. ʉʪʨʫʢʪʫʨʥʦ ʜʝʢʩʪʨʘʥʳ ʩʦʩʪʦʷʪ 

ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʝʜʠʥʠʮ D-ʛʣʶʢʦʟʳ ʩʦʝʜʠʥʝʥʥʦʡ ʧʦ Ŭ-(1Ÿ6) ʧʦʣʦʞʝʥʠʶ. 

ʉʦʦʪʥʦʰʝʥʠʝ ʩʚʷʟʝʡ ʠ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴ ʩʠʣʴʥʦ ʟʘʚʠʩʠʪ ʦʪ ʠʩʪʦʯʥʠʢʘ ɼʂ ʠ ʤʦʞʝʪ 

ʚʘʨʴʠʨʦʚʘʪʴ ʦʪ 0,5 ʜʦ 60% (Suflet D. M. et al., 2010; Mehvar R. et al., 2000). ʊʘʢʞʝ 

ʠʩʪʦʯʥʠʢ ʜʝʢʩʪʨʘʥʘ ʦʧʨʝʜʝʣʷʝʪ ʠ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʫʶ ʤʘʩʩʫ, ʯʪʦ ʥʘʨʷʜʫ ʩʦ 

ʩʪʝʧʝʥʴʶ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ ʦʢʘʟʳʚʘʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʣʠʷʥʠʝ ʥʘ ʬʠʟʠʢʦ-

ʭʠʤʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʧʦʣʠʤʝʨʘ (Walker G. J. et al., 1978). ʇʨʠ ʵʪʦʤ, ʜʝʢʩʪʨʘʥʳ ʩ 

ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʴʶ ʙʦʣʝʝ 43% (ʩʚʷʟʴ 1,3-Ŭ) ʥʝ ʨʘʩʪʚʦʨʠʤʳ ʚ ʚʦʜʝ, ʧʦʵʪʦʤʫ ʚʩʝ 

ʢʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʝ ɼʂ ʠʤʝʶʪ ʦʯʝʥʴ ʥʠʟʢʫʶ ʩʪʝʧʝʥʴ ʨʘʟʚʝʪʚʣʝʥʠʷ (0,5%) ʠ 

ʭʦʨʦʰʦ ʨʘʩʪʚʦʨʷʶʪʩʷ ʚ ʚʦʜʝ (Mehvar R. et al., 2000). 

ɼʨʫʛʠʤ ʚʘʞʥʳʤ ʩʚʦʡʩʪʚʦʤ, ʦʪ ʢʦʪʦʨʦʛʦ ʟʘʚʠʩʠʪ ʧʦʚʝʜʝʥʠʝ ɼʂ in vivo,  

ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʧʦʣʠʜʝʩʧʝʨʩʥʦʩʪʠ ʧʦʣʠʤʝʨʘ. ʇʨʠʨʦʜʥʳʝ ʜʝʢʩʪʨʘʥʳ ʦʙʣʘʜʘʶʪ 

ʚʳʩʦʢʦʡ ʩʪʝʧʝʥʴʶ ʧʦʣʠʜʝʩʧʝʨʩʥʦʩʪʠ, ʧʦʵʪʦʤʫ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʧʦʣʠʤʝʨʦʚ ʩ 

ʦʪʥʦʩʠʪʝʣʴʥʦ ʫʟʢʠʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ, ʥʘʪʠʚʥʳʝ 

ʩʦʝʜʠʥʝʥʠʷ ʧʦʜʚʝʨʛʘʶʪʩʷ ʯʘʩʪʠʯʥʦʡ ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʠʣʠ ʬʨʘʢʮʠʦʥʠʨʦʚʘʥʠʶ 

(Mehvar R. et al., 2000). 

 

ʈʠʩʫʥʦʢ 8 ï ʍʠʤʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ ʜʝʢʩʪʨʘʥʘ. (Varshosaz J. 2012) 
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ɹʣʘʛʦʜʘʨʷ ʥʘʣʠʯʠʶ ʙʦʣʴʰʦʛʦ ʢʦʣʠʯʝʩʪʚʘ ʛʠʜʨʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ, ʧʦʣʠʤʝʨʳ 

ɼʂ ʷʚʣʷʶʪʩʷ ʭʦʨʦʰʠʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʢʦʥʲʶʛʠʨʦʚʘʥʠʷ. ɺ ʩʣʘʙʦʢʠʩʣʳʭ ʠʣʠ 

ʩʣʘʙʦʱʝʣʦʯʥʳʭ ʩʨʝʜʘʭ ʧʦʣʠʤʝʨʳ ɼʂ ʦʩʪʘʶʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ. 

ɹʠʦʜʦʩʪʫʧʥʦʩʪʴ ʜʝʢʩʪʨʘʥʦʚ ʧʦʩʣʝ ʧʝʨʦʨʘʣʴʥʦʛʦ ʚʚʝʜʝʥʠʷ ʥʠʯʪʦʞʥʦ ʤʘʣʘ. 

ɸʚʪʦʨʘʤʠ (Mehvar R. et al., 1992) ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʜʣʷ ɼʂ ʩ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʦʡ 4, 20, 40 ʢɼʘ ʦʥʘ ʩʦʩʪʘʚʣʷʝʪ ʤʝʥʝʝ 0,004. ʆʜʥʘʢʦ, ʵʪʦ ʥʝ ʩʣʫʯʘʡʥʦ, 

ʧʦʩʢʦʣʴʢʫ ʨʘʟʤʝʨ ʜʝʢʩʪʨʘʥʦʚ ʧʨʝʚʳʰʘʝʪ ʤʘʢʩʠʤʘʣʴʥʳʡ ʨʘʟʤʝʨ ʧʦʨ ʚ ɾʂʊ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚ ʜʚʘ ʨʘʟʘ. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʜʝʢʩʪʨʘʥʳ ʤʦʛʫʪ ʧʦʧʘʩʪʴ ʚ ʩʠʩʪʝʤʥʳʡ 

ʢʨʦʚʦʪʦʢ ʧʫʪʝʤ ʨʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʡ ʘʙʩʦʨʙʮʠʠ, ʦʜʥʘʢʦ, ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʧʨʠ 

ʧʨʦʭʦʞʜʝʥʠʠ ʯʝʨʝʟ ʢʣʝʪʢʠ ʵʧʠʪʝʣʠʷ ʧʨʦʠʩʭʦʜʠʪ ʜʝʛʨʘʜʘʮʠʷ ʧʦʣʠʤʝʨʘ ʥʘ ʯʘʩʪʠʮʳ 

ʩ ʤʝʥʴʰʠʤʠ ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʤʘʩʩʘʤʠ (Koyama Y. et al., 1996).  

ʄʝʪʘʙʦʣʠʟʠʨʫʶʪʩʷ ʜʝʢʩʪʨʘʥʳ ʚ ʥʠʞʥʠʭ ʦʪʜʝʣʘʭ ʧʠʱʝʚʘʨʠʪʝʣʴʥʦʛʦ ʪʨʘʢʪʘ 

ʨʘʟʣʠʯʥʳʤʠ Ŭ-1-ʛʣʠʢʦʟʠʜʘʟʘʤʠ (ʜʝʢʩʪʨʘʥʘʟʳ), ʧʨʠ ʵʪʦʤ ʪʘʢʠʝ ʬʝʨʤʝʥʪʳ ʪʘʢʞʝ 

ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʧʝʯʝʥʠ, ʩʝʣʝʟʝʥʢʝ ʠ ʧʦʯʢʘʭ (Mehvar R. et al., 2000).  

ɺ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʦ ʙʦʣʴʰʦʝ ʢʦʣʠʯʝʩʪʚʦ ʢʦʥʲʶʛʘʪʦʚ ʜʝʢʩʪʨʘʥʦʚ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʃʉ, ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʵʪʦ ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʝ ʧʨʝʧʘʨʘʪʳ 

(ʜʘʫʥʦʤʠʮʠʥ, ʜʦʢʩʦʨʫʙʠʮʠʥ, ʤʝʪʦʪʨʝʢʩʘʪ, ʤʠʪʦʤʠʮʠʥ, ʮʠʩʧʣʘʪʠʥ). ɺʦ ʚʩʝʭ 

ʩʣʫʯʘʷʭ ʦʪʤʝʯʘʝʪʩʷ ʫʚʝʣʠʯʝʥʠʝ ʧʝʨʠʦʜʘ ʧʦʣʫʚʳʚʝʜʝʥʠʷ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ ʃʉ 

ʢʦʥʲʶʛʠʨʦʚʘʥʥʳʭ ʩ ɼʂ (Mehvar R. et al., 2000; Varshosaz J. et al., 2009).   

ɺʚʠʜʫ ʦʩʦʙʝʥʥʦʩʪʠ ʣʦʢʘʣʠʟʘʮʠʠ ʤʝʪʘʙʦʣʠʟʤʘ, ʘ ʠʤʝʥʥʦ ʚ ʪʦʣʩʪʦʡ ʢʠʰʢʝ, 

ʢʦʥʲʶʛʘʪʳ ʩ ʜʝʢʩʪʨʘʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʜʣʷ ʪʘʨʛʝʪʥʦʡ ʜʦʩʪʘʚʢʠ ʃʉ ʚ ʵʪʦʪ ʦʪʜʝʣ 

ɾʂʊ. ʊʘʢ, ʢʦʥʲʶʛʘʪ ʩ ʙʫʜʝʩʦʥʠʜʦʤ ʧʨʦʷʚʠʣ ʚʳʨʘʞʝʥʥʦʝ ʤʝʩʪʥʦʝ ʜʝʡʩʪʚʠʝ ʧʨʠ 

ʷʟʚʝʥʥʦʤ ʢʦʣʠʪʝ ʠ ʩʧʦʩʦʙʩʪʚʦʚʘʣ ʧʦʷʚʣʝʥʠʶ ʫʣʫʯʰʝʥʠʡ ʢʘʢ ʤʘʢʨʦʩʢʦʧʠʯʝʩʢʠ, 

ʪʘʢ ʠ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʠ. ɹʫʜʝʩʦʥʠʜ, ʚʚʝʜʝʥʥʳʡ ʚ ʚʠʜʝ ʦʙʳʯʥʦʡ ʩʫʩʧʝʥʟʠʠ, ʥʝ 

ʧʨʦʷʚʠʣ ʩʪʦʣʴ ʚʳʨʘʞʝʥʥʦʛʦ ʵʬʬʝʢʪʘ (Varshosaz J. et al., 2009; Varshosaz J. et al., 

2010). ʂʨʦʤʝ ʵʪʦʛʦ, ʚ ʣʠʪʝʨʘʪʫʨʝ ʦʧʠʩʘʥʳ ʢʦʥʲʶʛʘʪʳ ɼʂ ʩ 5-ʘʤʠʥʦʩʘʣʠʮʠʣʦʚʦʡ 

ʢʠʩʣʦʪʦʡ, ʢʝʪʦʧʨʦʬʝʥʦʤ, ʩʝʣʝʢʦʢʩʠʙʦʤ (Varshosaz J. 2012). 

ʇʨʠ ʧʦʤʦʱʠ ʢʦʥʲʶʛʠʨʦʚʘʥʠʷ ʩ ɼʂ ʫʜʘʣʦʩʴ ʩʥʠʟʠʪʴ ʫʣʴʮʝʨʦʛʝʥʥʳʡ 

ʧʦʙʦʯʥʳʡ ʵʬʬʝʢʪ ʥʝʢʦʪʦʨʳʭ ʅʇɺʉ. ɸʚʪʦʨʘʤʠ (Vyas S. et al., 2007; Shrivastava S. 

K. et al., 2003) ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʢʦʥʲʶʛʘʪʳ ʩ ʢʝʪʘʨʦʣʘʢʦʤ ʠ ʬʣʶʨʙʠʧʨʦʬʝʥʦʤ ʠ 
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ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʨʠ ʩʦʭʨʘʥʝʥʠʠ ʘʥʘʣʴʛʝʪʠʯʝʩʢʦʡ ʠ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʡ 

ʘʢʪʠʚʥʦʩʪʝʡ, ʧʨʦʠʩʭʦʜʠʪ ʟʘʤʝʪʥʦʝ ʩʥʠʞʝʥʠʝ ʫʣʴʮʝʨʦʛʝʥʥʦʛʦ ʜʝʡʩʪʚʠʷ, 

ʧʨʠʩʫʱʝʛʦ ʩʚʦʙʦʜʥʳʤ ʃʉ. ɼʨʫʛʠʤʠ ʘʚʪʦʨʘʤʠ (Feeney M. et al., 2007) ʙʳʣʠ 

ʧʦʣʫʯʝʥʳ ʛʠʜʨʦʛʝʣʠ ʥʘ ʦʩʥʦʚʝ ʜʝʢʩʪʨʘʥʘ ʩ ʠʙʫʧʨʦʬʝʥʦʤ ʠ ʆ-ʘʮʝʪʠʣʩʘʣʠʮʠʣʦʚʦʡ 

ʢʠʩʣʦʪʦʡ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʤʝʩʪʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʵʪʠʭ ʅʇɺʉ 

ʷʚʣʷʝʪʩʷ ʪʦʣʩʪʘʷ ʢʠʰʢʘ, ʧʨʠ ʵʪʦʤ ʚ ʢʠʩʣʦʡ ʩʨʝʜʝ ʞʝʣʫʜʢʘ ʚʳʩʚʦʙʦʞʜʝʥʠʷ ʃʉ ʥʝ 

ʥʘʙʣʶʜʘʣʦʩʴ. ɹʣʘʛʦʜʘʨʷ ʵʪʦʤʫ ʩʥʠʞʘʝʪʩʷ ʚʝʨʦʷʪʥʦʩʪʴ ʤʝʩʪʥʦʛʦ ʫʣʴʮʝʨʦʛʝʥʥʦʛʦ 

ʜʝʡʩʪʚʠʷ ʫʢʘʟʘʥʥʳʭ ʃʉ ʚ ʞʝʣʫʜʢʝ ʠ ɼʇʂ.  

1.6. ʇʝʢʪʠʥ 

 

ʇʦ ʭʠʤʠʯʝʩʢʦʡ ʩʪʨʫʢʪʫʨʝ ʧʝʢʪʠʥ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʳʤ ʧʦʣʠʩʘʭʘʨʠʜʦʤ, 

ʩʦʩʪʦʷʱʠʤ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʠʟ ʝʜʠʥʠʮ D-ʛʘʣʘʢʪʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʩʦʝʜʠʥʝʥʥʦʡ 

ʚ ʮʝʧʦʯʢʠ ʧʦʩʨʝʜʩʪʚʦʤ Ŭ-(1Ÿ4) ʛʣʠʢʦʟʠʜʥʳʭ ʩʚʷʟʝʡ. ʂʨʦʤʝ ʛʘʣʘʢʪʫʨʦʥʘʥʦʚʳʭ 

ʩʝʛʤʝʥʪʦʚ ʚ ʩʪʨʫʢʪʫʨʝ ʧʝʢʪʠʥʘ ʤʦʛʫʪ ʚʩʪʨʝʯʘʪʴʩʷ ʠ ʥʝʡʪʨʘʣʴʥʳʝ ʩʘʭʘʨʘ, ʢʘʢ 

ʥʘʧʨʠʤʝʨ ʨʘʤʥʦʟʘ, ʘʨʘʙʠʥʦʟʘ, ʛʘʣʘʢʪʦʟʘ ʠʣʠ ʢʩʠʣʦʟʘ (Sriamornsak P. et al., 2011). 

ʀʩʪʦʯʥʠʢʦʤ ʧʝʢʪʠʥʘ ʷʚʣʷʶʪʩʷ ʚʳʩʰʠʝ ʨʘʩʪʝʥʠʷ, ʚ ʢʣʝʪʦʯʥʳʭ ʩʪʝʥʢʘʭ ʢʦʪʦʨʳʭ, 

ʝʛʦ ʩʦʜʝʨʞʘʥʠʝ ʤʦʞʝʪ ʜʦʭʦʜʠʪʴ ʙʦʣʝʝ ʯʝʤ ʜʦ 30% ʚ ʧʝʨʝʩʯʝʪʝ ʥʘ ʩʫʭʦʝ ʚʝʱʝʩʪʚʦ. 

ʅʘʠʙʦʣʴʰʝʝ ʢʦʣʠʯʝʩʪʚʦ ʧʝʢʪʠʥʘ ʥʘʭʦʜʠʪʩʷ ʚ ʩʨʝʜʠʥʥʦʡ ʣʘʤʝʣʣʝ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʠ (Endress H. U. Et al., 2009). ʅʝʩʤʦʪʨʷ ʥʘ ʪʦ, ʯʪʦ ʧʝʢʪʠʥ ʩʦʜʝʨʞʠʪʩʷ 

ʧʨʘʢʪʠʯʝʩʢʠ ʚʦ ʚʩʝʭ ʪʢʘʥʷʭ ʨʘʩʪʝʥʠʡ, ʯʠʩʣʦ ʧʨʠʨʦʜʥʳʭ ʠʩʪʦʯʥʠʢʦʚ, ʧʨʠʛʦʜʥʳʭ 

ʜʣʷ ʝʛʦ ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ, ʦʛʨʘʥʠʯʝʥʳ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʙʦʣʴʰʦʡ 

ʚʘʨʠʘʙʝʣʴʥʦʩʪʴʶ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʠ ʩʪʝʧʝʥʠ ʵʩʪʝʨʠʬʠʢʘʮʠʠ, ʯʪʦ ʦʪʨʘʞʘʝʪʩʷ 

ʥʘ ʩʧʦʩʦʙʥʦʩʪʠ ʧʝʢʪʠʥʘ ʢ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʶ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʦʤʤʝʨʯʝʩʢʠ 

ʜʦʩʪʫʧʥʳʡ ʧʝʢʪʠʥ ʧʦʣʫʯʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʠʟ ʷʙʣʦʯʥʦʛʦ ʞʤʳʭʘ ʠʣʠ ʢʦʞʫʨʳ 

ʮʠʪʨʫʩʦʚʳʭ ʬʨʫʢʪʦʚ (ʘʧʝʣʴʩʠʥʦʚ, ʣʠʤʦʥʦʚ, ʣʘʡʤʘ), ʢʦʪʦʨʳʝ ʷʚʣʷʶʪʩʷ ʦʪʭʦʜʘʤʠ 

ʧʨʦʠʟʚʦʜʩʪʚʘ ʩʦʢʦʚ. ʉʦʜʝʨʞʘʥʠʝ ʧʝʢʪʠʥʘ ʚ ʷʙʣʦʯʥʦʤ ʞʤʳʭʝ ʩʦʩʪʘʚʣʷʝʪ 10-15% 

ʦʪ ʩʫʭʦʡ ʤʘʩʩʳ, ʚ ʪʦ ʚʨʝʤʷ ʢʘʢ ʚ ʢʦʞʫʨʝ ʮʠʪʨʫʩʦʚʳʭ ʜʦ 20-30% (Rolin C. et al., 

1998). ɺ ʢʘʯʝʩʪʚʝ ʘʣʴʪʝʨʥʘʪʠʚʥʳʭ ʠʩʪʦʯʥʠʢʦʚ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʦʪʭʦʜʳ 
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ʦʪ ʩʘʭʘʨʥʦʡ ʩʚʝʢʣʳ, ʤʘʥʛʦ, ʧʦʜʩʦʣʥʫʭʘ, ʙʦʙʦʚʳʭ, ʙʘʥʘʥʦʚ, ʢʘʙʘʯʢʦʚ, ʤʦʨʢʦʚʠ ʠ 

ʧʦʤʝʣʦ (Sriamornsak P. et al., 2011).   

 

 

ʈʠʩʫʥʦʢ 9 ï ʇʦʚʪʦʨʷʶʱʠʡʩʷ ʩʝʛʤʝʥʪ ʤʦʣʝʢʫʣʳ ʧʝʢʪʠʥʘ. 

 

ɺʘʞʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʧʝʢʪʠʥʘ ʷʚʣʷʝʪʩʷ ʩʪʝʧʝʥʴ ʵʩʪʝʨʠʬʠʢʘʮʠʠ ʝʛʦ 

ʢʘʨʙʦʢʩʠʣʴʥʳʭ ʛʨʫʧʧ ʤʝʪʠʣʦʚʳʤ ʩʧʠʨʪʦʤ. ɺ ʧʨʠʨʦʜʝ ʵʪʦʪ ʧʦʢʘʟʘʪʝʣʴ ʚʘʨʴʠʨʫʝʪ 

ʦʪ 60 ʜʦ 90%. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʵʪʦʛʦ ʠʟʤʝʥʷʶʪʩʷ ʞʝʣʠʨʫʶʱʠʝ ʩʚʦʡʪʚʘ ʧʝʢʪʠʥʘ. 

ʇʝʢʪʠʥ ʩʦ ʩʪʝʧʝʥʴʶ ʵʩʪʝʨʠʬʠʢʘʮʠʠ ʙʦʣʝʝ 50% ʦʙʦʟʥʘʯʘʝʪʩʷ ʢʘʢ HM (high 

metoxy), ʘ ʩʦ ʩʪʝʧʝʥʴʶ ʵʩʪʝʨʠʬʠʢʘʮʠʠ ʤʝʥʝʝ 50% ï LM (low metoxy) (Sriamornsak 

P. et al., 2003).  

ʆʩʥʦʚʥʳʤ ʩʚʦʡʩʪʚʦʤ ʧʝʢʪʠʥʘ, ʙʣʘʛʦʜʘʨʷ ʢʦʪʦʨʦʤʫ ʦʥ ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʪʩʷ 

ʚ ʧʠʱʝʚʦʡ ʠ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ, ʷʚʣʷʝʪʩʷ ʩʧʦʩʦʙʥʦʩʪʴ 

ʦʙʨʘʟʦʚʳʚʘʪʴ ʛʝʣʠ. ɺ ʦʩʥʦʚʝ ʵʪʦʛʦ ʣʝʞʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʚʦʜʦʨʦʜʥʳʭ ʩʚʷʟʝʡ ʠ 

ʛʠʜʨʦʬʦʙʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʤʝʞʜʫ ʤʦʣʝʢʫʣʘʤʠ ʧʦʣʠʤʝʨʘ (Oakenfull D .G. et al., 

1991). ʅʄ-ʧʝʢʪʠʥ ʦʙʨʘʟʫʝʪ ʛʝʣʠ ʩ ʩʘʭʘʨʦʤ ʠ ʢʠʩʣʦʪʦʡ, ʘ LM-ʧʝʢʪʠʥ ʜʣʷ 

ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʪʨʝʙʫʝʪ ʥʘʣʠʯʠʷ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠʣʠ ʜʨʫʛʠʭ ʤʫʣʴʪʠʚʘʣʝʥʪʥʳʭ 

ʢʘʪʠʦʥʦʚ. ʆʜʥʘʢʦ, ʥʝ ʚʩʝ ʢʘʪʠʦʥʳ ʩʧʦʩʦʙʩʪʚʫʶʪ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʶ LM-ʧʝʢʪʠʥʘ. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʣʷ ʵʪʦʛʦ ʥʝ ʧʦʜʭʦʜʷʱʠʤ ʷʚʣʷʝʪʩʷ Mg
2+

 (Rinaudo M. et al., 2008). 

ʄʝʭʘʥʠʟʤ ʛʝʣʝʦʙʨʘʟʦʚʘʥʠʷ ʧʝʢʪʠʥʘ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʵʩʪʝʨʠʬʠʢʘʮʠʠ ʧʨʦʪʝʢʘʝʪ 

ʧʦ ʧʨʠʥʮʠʧʫ çʷʠʯʥʦʡ ʢʦʨʦʙʢʠè (Sriamornsak P. et al., 2011), ʭʘʨʘʢʪʝʨʥʦʡ ʪʘʢʞʝ 

ʜʣʷ ʘʣʛɹʠʥʘʪʦʚ.  

ɹʣʘʛʦʜʘʨʷ ʩʚʦʠʤ ʤʫʢʦʘʜʛʝʟʠʚʥʳʤ ʩʚʦʡʩʪʚʘʤ, ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʠ, ʥʠʟʢʦʡ 

ʩʪʦʠʤʦʩʪʠ ʠ ʦʪʩʫʪʩʪʚʠʶ ʪʦʢʩʠʯʥʦʩʪʠ ʧʝʢʪʠʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ 
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ʢʦʥʪʨʦʣʠʨʫʝʤʦʡ ʜʦʩʪʘʚʢʠ ʃʉ. ʆʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʜʣʷ ʵʥʪʝʨʘʣʴʥʦʡ, 

ʠʥʪʨʘʥʘʟʘʣʴʥʦʡ ʠ ʚʘʛʠʥʘʣʴʥʦʡ ʜʦʩʪʘʚʢʠ ʨʘʟʣʠʯʥʳʭ ʃʉ (Morris G. A. et al., 2010; 

Liu L. et al., 2007). ʇʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʚʚʝʜʝʥʠʠ ʧʝʢʪʠʥ ʚʳʩʪʫʧʘʝʪ ʚ ʢʘʯʝʩʪʚʝ 

ʟʘʱʠʪʳ ʦʪ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʛʦ ʤʝʪʘʙʦʣʠʟʤʘ ʜʣʷ ʚʝʱʝʩʪʚ, ʥʘʭʦʜʷʱʠʭʩʷ ʚ ʝʛʦ 

ʤʘʪʨʠʮʝ. ʂʘʢ ʧʨʘʚʠʣʦ ʚ ʨʦʣʠ ʪʘʢʠʭ ʚʝʱʝʩʪʚ ʚʳʩʪʫʧʘʶʪ ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʧʝʧʪʠʜʳ, 

ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʢʦʪʦʨʳʭ ʥʘʯʠʥʘʝʪʩʷ ʪʦʣʴʢʦ ʚ ʪʦʣʩʪʦʡ ʢʠʰʢʝ, ʧʦʩʣʝ ʪʦʛʦ ʢʘʢ 

ʤʘʪʨʠʮʘ ʧʝʢʪʠʥʘ ʥʘʯʠʥʘʝʪ ʜʝʛʨʘʜʠʨʦʚʘʪʴ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʢʠʰʝʯʥʦʡ 

ʤʠʢʨʦʬʣʦʨʳ. ʌʝʨʤʝʥʪʘʪʠʚʥʦʝ ʨʘʟʣʦʞʝʥʠʝ ʧʝʢʪʠʥʘ ʚ ʪʦʣʩʪʦʡ ʢʠʰʢʝ ʫʩʠʣʠʚʘʝʪʩʷ 

ʧʨʠ ʥʘʣʠʯʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ ʠ ʫʤʝʥʴʰʘʝʪʩʷ ʧʨʠ ʧʦʚʳʰʝʥʠʠ ʩʪʝʧʝʥʠ 

ʵʩʪʝʨʠʬʠʢʘʮʠʠ ʧʦʣʠʤʝʨʘ (ʅʄ-ʧʝʢʪʠʥ). ʇʨʠ ʵʪʦʤ ʧʫʪʠ ʚʚʝʜʝʥʠʷ ʫ ʢʦʤʧʦʟʠʮʠʡ, 

ʩʦʜʝʨʞʘʱʠʭ ʧʝʢʪʠʥ, ʝʩʪʴ ʦʜʠʥ ʥʝʜʦʩʪʘʪʦʢ, ʦʥʠ ʤʦʛʫʪ ʥʘʙʫʭʘʪʴ ʧʨʠ 

ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʭ ʫʩʣʦʚʠʷʭ, ʯʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʧʨʝʞʜʝʚʨʝʤʝʥʥʦʤʫ 

ʚʳʩʚʦʙʦʞʜʝʥʠʶ ʃʉ. ɼʣʷ ʤʠʥʠʤʠʟʠʨʦʚʘʥʠʷ ʵʪʦʛʦ ʥʝʞʝʣʘʪʝʣʴʥʦʛʦ ʵʬʬʝʢʪʘ ʚ 

ʪʘʢʠʝ ʢʦʤʧʦʟʠʮʠʠ ʜʦʧʦʣʥʠʪʝʣʴʥʦ ʜʦʙʘʚʣʷʶʪ ʜʨʫʛʠʝ ʧʦʣʠʤʝʨʳ: 

ʛʠʜʨʦʢʩʠʧʨʦʧʠʣʤʝʪʠʣ ʮʝʣʣʶʣʦʟʫ, ʟʝʠʥ ʠʣʠ ʘʢʨʠʣʦʚʳʝ ʧʦʣʠʤʝʨʳ (Morris G. A. et 

al., 2010).  

ʀʥʪʨʘʥʘʟʘʣʴʥʳʡ ʠ ʚʘʛʠʥʘʣʴʥʳʡ ʧʫʪʠ ʜʦʩʪʘʚʢʠ ʃʉ ʩ ʧʦʤʦʱʴʶ ʧʝʢʪʠʥʘ 

ʨʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʢʘʢ ʘʣʴʪʝʨʥʘʪʠʚʘ ʠʥʲʝʢʮʠʦʥʥʳʤ ʩʧʦʩʦʙʘʤ, ʧʦʩʢʦʣʴʢʫ ʩʣʠʟʠʩʪʘʷ 

ʚ ʦʙʦʠʭ ʩʣʫʯʘʷʭ ʠʤʝʝʪ ʚʳʩʦʢʫʶ ʩʪʝʧʝʥʴ ʚʘʩʢʫʣʷʨʠʮʘʮʠʠ, ʦʪʩʫʪʩʪʚʫʝʪ ʵʬʬʝʢʪ 

ʧʝʨʚʦʛʦ ʧʨʦʭʦʞʜʝʥʠʷ ʯʝʨʝʟ ʧʝʯʝʥʴ, ʯʪʦ ʚ ʩʦʚʦʢʫʧʥʦʩʪʠ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʳʩʪʨʦʤʫ 

ʧʨʦʥʠʢʥʦʚʝʥʠʶ ʤʦʣʝʢʫʣ ʃʉ ʚ ʩʠʩʪʝʤʥʳʡ ʢʨʦʚʦʪʦʢ (Lui L. et al., 2007; Baloglu E. 

et al., 2006). 

ʄʫʢʦʘʜʛʝʟʠʚʥʳʝ ʩʚʦʡʩʪʚʘ ʧʝʢʪʠʥʘ ʚʦ ʤʥʦʛʦʤ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʤʦʣʝʢʫʣʷʨʥʦʡ 

ʤʘʩʩʳ, ʚʷʟʢʦʩʪʠ, ʤʝʩʪʥʦʛʦ ʨʅ ʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʛʨʫʧʧ ʚ ʩʪʨʫʢʪʫʨʝ ʧʦʣʠʤʝʨʘ (Lui 

L. et al., 2007; Thirawong N. 2008). 

ʂʨʦʤʝ ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʡ ʜʦʩʪʘʚʢʠ ʤʦʣʝʢʫʣ ʃʉ, ʧʝʢʪʠʥ ʩʧʦʩʦʙʝʥ ʫʩʠʣʠʚʘʪʴ 

ʠʭ ʘʙʩʦʨʙʮʠʶ ʧʫʪʝʤ ʦʪʢʨʳʪʠʷ ʧʣʦʪʥʳʭ ʢʣʝʪʦʯʥʳʭ ʢʦʥʪʘʢʪʦʚ ʚ ʵʧʠʪʝʣʠʠ. ʕʪʠʤ 

ʧʫʪʝʤ ʤʦʛʫʪ ʧʨʦʥʠʢʘʪʴ ʚ ʩʠʩʪʝʤʥʳʡ ʢʨʦʚʦʪʦʢ ʣʝʢʘʨʩʪʚʘ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʦʟʤʦʞʝʥ 

ʧʘʨʘʮʝʣʣʶʣʷʨʥʳʡ ʪʨʘʥʩʧʦʨʪ, ʢʘʢ ʧʨʘʚʠʣʦ, ʵʪʦ ʛʠʜʨʦʬʠʣʴʥʳʝ ʤʦʣʝʢʫʣʳ (Gaucher 

G. et al., 2010). ɸʚʪʦʨʘʤʠ (Charlton S. T., 2007) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʧʦʩʣʝ 
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ʜʦʙʘʚʣʝʥʠʷ ʢ ʢʣʝʪʦʯʥʦʡ ʢʫʣʴʪʫʨʝ MDCK (ʢʣʝʪʢʠ ʧʦʯʢʠ ʩʦʙʘʢʠ ʤʘʡʜʠʥ-ʜʵʨʙʠ) 1% 

ʠ 3% ʨʘʩʪʚʦʨʦʚ ʧʝʢʪʠʥʘ ʩ ʥʠʟʢʦʡ ʩʪʝʧʝʥʴʶ ʵʩʪʝʨʠʬʠʢʘʮʠʠ (5% ʠ 35%, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ) ʧʨʦʠʩʭʦʜʠʪ ʜʦʩʪʦʚʝʨʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʨʘʥʩʵʧʠʪʝʣʠʘʣʴʥʦʛʦ 

ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʩʦʧʨʦʪʠʚʣʝʥʠʷ (TEER) ʙʦʣʝʝ ʯʝʤ ʥʘ 80%. ʂʨʦʤʝ ʵʪʦʛʦ, 

ʧʨʦʠʩʭʦʜʠʪ ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʥʥʠʪʦʣʘ ʚ ʙʘʟʘʣʴʥʦʤ ʦʪʜʝʣʝʥʠʠ (ʧʦʜ 

ʤʝʤʙʨʘʥʦʡ ʩ ʵʧʠʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ) ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʫʢʘʟʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ 

ʧʝʢʪʠʥʘ. ɺ ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ, ʤʘʥʥʠʪʦʣ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ 

ʢʣʝʪʦʯʥʳʡ ʤʦʥʦʩʣʦʡ. ʆʙʘ ʵʪʠʭ ʵʬʬʝʢʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʢʨʳʪʠʠ ʧʣʦʪʥʳʭ 

ʢʣʝʪʦʯʥʳʭ ʢʦʥʪʘʢʪʦʚ.   

ʄʘʩʩʦʚʦʤʫ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʶ ʧʝʢʪʠʥʘ ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʃʉ ʧʨʝʧʷʪʩʪʚʫʝʪ 

ʥʝ ʩʪʘʙʠʣʴʥʦʩʪʴ ʝʛʦ ʢʦʤʧʦʟʠʮʠʡ ʧʨʠ ʭʨʘʥʝʥʠʠ. ʊʘʢ, ʚʷʟʢʦʩʪʴ ʨʘʩʪʚʦʨʦʚ ʧʝʢʪʠʥʘ 

ʤʦʞʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʪʴʩʷ ʯʝʨʝʟ ʰʝʩʪʴ ʤʝʩʷʮʝʚ ʭʨʘʥʝʥʠʷ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 25 

Áʉ ʠ 40 Áʉ. ɺ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʵʪʦ ʧʨʠʚʦʜʠʪ ʢ ʩʥʠʞʝʥʠʶ ʧʨʦʯʥʦʩʪʠ ʛʝʣʷ ʧʨʠ 

ʜʦʙʘʚʣʝʥʠʠ ʠʦʥʦʚ ʢʘʣʴʮʠʷ. ʊʘʢʦʝ ʠʟʤʝʥʝʥʠʝ ʚʷʟʢʦʩʪʠ ʷʚʣʷʝʪʩʷ ʨʝʟʫʣʴʪʘʪʦʤ 

ʜʝʧʦʣʠʤʝʨʠʟʘʮʠʠ ʧʝʢʪʠʥʘ ʩ ʪʝʯʝʥʠʝʤ ʚʨʝʤʝʥʠ (Morris G. A. et al., 2010). ʉ ʜʨʫʛʦʡ 

ʩʪʦʨʦʥʳ, ʘʚʪʦʨʘʤʠ (Chelladurai S. et al., 2008) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʪʘʢʦʝ ʩʥʠʞʝʥʠʝ 

ʚʷʟʢʦʩʪʠ ʥʝ ʚʣʠʷʝʪ ʥʘ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʃʉ ʠʟ ʧʝʢʪʠʥʦʚʦʛʦ ʛʝʣʷ in vitro. ʏʘʱʝ ʚʩʝʛʦ 

ʧʝʢʪʠʥ ʠʩʧʦʣʴʟʫʝʪʩʷ ʢʘʢ ʩʦʩʪʘʚʥʘʷ ʯʘʩʪʴ ʢʦʤʧʦʟʠʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʚ ʩʝʙʷ 

ʨʘʟʣʠʯʥʳʝ ʧʦʣʠʤʝʨʳ (Zhang W. et al., 2016; Xing P. et al., 2016; Saha N. R. et al., 

2016). 

1.7. ʍʠʪʦʟʘʥ 

 

ʍʠʪʦʟʘʥ ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʣʠʥʝʡʥʳʤ ʙʠʦʧʦʣʠʘʤʠʥʦʩʘʭʘʨʠʜʦʤ, ʢʦʪʦʨʳʡ 

ʧʦʣʫʯʘʶʪ ʧʫʪʝʤ ʱʝʣʦʯʥʦʛʦ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʷ ʭʠʪʠʥʘ, ʢʦʪʦʨʳʡ, ʧʦ 

ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʦʩʪʠ ʚ ʧʨʠʨʦʜʝ, ̫ ʚʣʷʝʪʩʷ ʚʪʦʨʳʤ ʧʦʣʠʩʘʭʘʨʠʜʦʤ ʧʦʩʣʝ ʮʝʣʣʶʣʦʟʳ 

(Sinh V. R. et al., 2004). ʍʠʪʠʥ ʷʚʣʷʝʪʩʷ ʦʩʥʦʚʥʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʟʘʱʠʪʥʦʡ 

ʢʫʪʠʢʫʣʳ ʨʘʢʦʦʙʨʘʟʥʳʭ ʪʘʢʠʭ, ʢʘʢ ʢʨʘʙʳ, ʢʨʝʚʝʪʢʠ, ʣʦʙʩʪʝʨʳ ʠ ʢʣʝʪʦʯʥʦʡ 

ʩʪʝʥʢʦʡ ʥʝʢʦʪʦʨʳʭ ʛʨʠʙʦʚ, ʪʘʢʠʭ ʢʘʢ aspergillus ʠ mucor. ʍʠʪʠʥ ʵʪʦ 

ʧʨʷʤʦʣʠʥʝʡʥʳʡ ʛʦʤʦʧʦʣʠʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ ɓ-(1,4)-ʩʦʝʜʠʥʝʥʥʳʭ N-ʘʮʝʪʠʣ-
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ʛʣʶʢʦʟʘʤʠʥʦʚʳʭ ʝʜʠʥʠʮ, ʪʦʛʜʘ ʢʘʢ ʭʠʪʦʟʘʥ ʩʦʜʝʨʞʠʪ ʩʦʧʦʣʠʤʝʨʳ ʛʣʶʢʦʟʘʤʠʥʘ ʠ 

N-ʘʮʝʪʠʣ-ʛʣʶʢʦʟʘʤʠʥʘ (Kato Y. et al., 2003; Singla A. K. et al., 2001). ʍʠʪʦʟʘʥ 

ʩʦʜʝʨʞʠʪ ʦʜʥʫ ʦʩʥʦʚʥʫʶ ʘʤʠʥʦʛʨʫʧʧʫ ʠ ʜʚʝ ʩʚʦʙʦʜʥʳʝ ʛʠʜʨʦʢʩʠʣʴʥʳʝ ʛʨʫʧʧʳ ʥʘ 

ʢʘʞʜʳʡ ʩʪʨʫʢʪʫʨʥʳʡ ʙʣʦʢ ʉ6. ɹʣʘʛʦʜʘʨʷ ʭʦʨʦʰʝʡ ʜʦʩʪʫʧʥʦʩʪʠ ʘʤʠʥʦʛʨʫʧʧ ʚ 

ʭʠʪʦʟʘʥʝ, ʦʥ ʥʝʩʝʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʘʨʷʜ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʝʤʫ ʚʩʪʫʧʘʪʴ ʚ ʨʝʘʢʮʠʠ ʩ 

ʨʘʟʣʠʯʥʳʤʠ ʦʪʨʠʮʘʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤʠ ʧʦʚʝʨʭʥʦʩʪʷʤʠ ʠʣʠ ʧʦʣʠʤʝʨʘʤʠ, ʘ ʪʘʢʞʝ 

ʧʦʜʚʝʨʛʘʪʴʩʷ ʭʝʣʠʨʦʚʘʥʠʶ ʩ ʠʦʥʘʤʠ ʤʝʪʘʣʣʦʚ, ʪʘʢʠʤʠ ʢʘʢ ʢʦʙʘʣʴʪ (Fukuda H. et 

al., 1980; Onsoyen E. et al., 1990). ʕʪʦ ʩʚʦʡʩʪʚʦ ʭʠʪʦʟʘʥʘ ʠʩʧʦʣʴʟʫʝʪʩʷ ʜʣʷ 

ʨʘʟʜʝʣʝʥʠʷ ʤʝʪʘʣʣʦʚ. 

ʍʠʪʦʟʘʥ ʷʚʣʷʝʪʩʷ ʩʣʘʙʳʤ ʦʩʥʦʚʘʥʠʝʤ ʠ ʥʝ ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ ʠ ʦʨʛʘʥʠʯʝʩʢʠʭ 

ʨʘʩʪʚʦʨʠʪʝʣʷʭ. ʆʜʥʘʢʦ, ʦʥ ʨʘʩʪʚʦʨʠʤ ʚ ʨʘʟʙʘʚʣʝʥʥʳʭ ʢʠʩʣʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʩ 

pH <6,5, ʢʦʪʦʨʳʝ ʤʦʛʫʪ ʧʝʨʝʚʝʩʪʠ ʝʛʦ ʛʣʶʢʦʟʘʤʠʥʦʚʳʝ ʝʜʠʥʠʮʳ ʚ ʨʘʩʪʚʦʨʠʤʫʶ 

ʬʦʨʤʫ R-NH3
+
 (Chandy T. et al., 1990). ʆʥ ʚʳʧʘʜʘʝʪ ʚ ʦʩʘʜʦʢ ʚ ʱʝʣʦʯʥʳʭ 

ʨʘʩʪʚʦʨʘʭ ʠʣʠ ʧʨʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʠ ʩ ʧʦʣʠʘʥʠʦʥʘʤʠ  ʠ ʦʙʨʘʟʫʝʪ ʛʝʣʠ ʧʨʠ ʥʠʟʢʠʭ 

ʟʥʘʯʝʥʠʷʭ pH. ɽʛʦ ʪʘʢʞʝ ʠʩʧʦʣʴʟʫʶʪ ʚ ʢʘʯʝʩʪʚʝ ʬʣʦʢʫʣʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ ʜʣʷ 

ʦʙʨʘʙʦʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ (Demarger-Andre S. et al., 1994). 

 

 

 
 

ʈʠʩʫʥʦʢ 10 ï ʉʪʨʫʢʪʫʨʘ ʭʠʪʦʟʘʥʘ (Sinh V. R. et al., 2004).  

 

ʂʦʤʤʝʨʯʝʩʢʠ ʜʦʩʪʫʧʥʳʡ ʭʠʪʦʟʘʥ ʤʦʞʝʪ ʙʳʪʴ ʚ ʚʠʜʝ ʩʫʭʠʭ ʭʣʦʧʴʝʚ, 

ʨʘʩʪʚʦʨʘ ʠ ʤʝʣʢʦʛʦ ʧʦʨʦʰʢʘ. ɽʛʦ ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ ʥʘʭʦʜʠʪʩʷ ʚ ʜʠʘʧʘʟʦʥʝ ʦʪ 

3800 ɼʘ ʜʦ 2000 ʢɼʘ ʠ ʤʦʞʝʪ ʙʳʪʴ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥ ʦʪ 66 ʜʦ 95% (Kas H. S. et al., 

1997). ʅʘ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʢʦʤʧʦʟʠʮʠʡ, ʚʢʣʶʯʘʶʱʠʭ ʭʠʪʦʟʘʥ, ʚʣʠʷʶʪ 
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ʩʪʝʧʝʥʴ ʝʛʦ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʷ, ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ, ʨʘʟʤʝʨ ʯʘʩʪʠʮ, ʧʣʦʪʥʦʩʪʴ, 

ʚʷʟʢʦʩʪʴ. 

ʍʠʪʦʟʘʥ ʦʙʣʘʜʘʝʪ ʥʠʟʢʦʡ ʪʦʢʩʠʯʥʦʩʪʴʶ ʠ ʙʠʦʩʦʚʤʝʩʪʠʤʦʩʪʴʶ, 

ʙʠʦʜʝʛʨʘʜʠʨʫʝʤ. ʂʨʦʤʝ ʵʪʦʛʦ ʦʙʣʘʜʘʝʪ ʩʣʝʜʫʶʱʠʤʠ ʩʚʦʡʩʪʚʘʤʠ: 

ʛʠʧʦʙʠʣʠʨʫʙʠʥʝʤʠʯʝʩʢʠʤ, ʛʠʧʦʭʦʣʝʩʪʝʨʠʥʝʤʠʯʝʩʢʠʤ, ʘʥʪʘʮʠʜʥʳʤ, 

ʧʨʦʪʠʚʦʷʟʚʝʥʥʳʤ, ʨʘʥʦʟʘʞʠʚʣʷʶʱʠʤ, ʧʨʦʪʠʚʦʦʞʦʛʦʚʳʤ. ʊʘʢʞʝ ʦʥ ʩʧʦʩʦʙʝʥ 

ʠʤʤʦʙʠʣʠʟʠʨʦʚʘʪʴ ʬʝʨʤʝʥʪʳ ʠ ʞʠʚʳʝ ʢʣʝʪʢʠ (Sinh V. R. et al., 2004). ɹʣʘʛʦʜʘʨʷ 

ʩʧʦʩʦʙʥʦʩʪʠ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʧʣʝʥʢʠ, ʝʛʦ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 

ʢʘʯʝʩʪʚʝ ʙʠʦʧʦʣʠʤʝʨʘ ʜʣʷ ʤʷʛʢʠʭ ʠ ʪʚʝʨʜʳʭ ʢʦʥʪʘʢʪʥʳʭ ʣʠʥʟ, ʘ ʪʘʢʞʝ ʜʣʷ 

ʩʦʟʜʘʥʠʷ ʣʠʥʟ ʟʘʱʠʱʘʶʱʠʭ ʛʣʘʟʘ ʧʦʩʣʝ ʧʝʨʝʥʝʩʝʥʥʦʡ ʪʨʘʚʤʳ (Markey M. L. et 

al., 1989). ʄʝʤʙʨʘʥʳ ʠʟ ʭʠʪʦʟʘʥʘ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʚ ʢʘʯʝʩʪʚʝ 

ʠʩʢʫʩʩʪʚʝʥʥʦʡ ʧʦʯʝʯʥʦʡ ʤʝʤʙʨʘʥʳ, ʚ ʚʠʜʫ ʥʝʦʙʭʦʜʠʤʦʡ ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ 

ʚʳʩʦʢʦʡ ʨʘʩʪʷʞʠʤʦʩʪʠ (Amiji M.  M. 1995). 

ʍʠʪʦʟʘʥ ʦʙʣʘʜʘʝʪ ʤʫʢʦʘʜʛʝʟʠʚʥʳʤ ʩʚʦʡʩʪʚʦʤ, ʢʦʪʦʨʦʝ ʦʧʦʩʨʝʜʦʚʘʥʦ 

ʤʦʣʝʢʫʣʷʨʥʳʤʠ ʩʠʣʘʤʠ ʧʨʠʪʷʞʝʥʠʷ, ʬʦʨʤʠʨʫʝʤʳʤʠ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʤ 

ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʤʝʞʜʫ ʧʦʣʦʞʠʪʝʣʴʥʦ ʟʘʨʷʞʝʥʥʳʤ ʭʠʪʦʟʘʥʦʤ ʠ ʥʝʛʘʪʠʚʥʦ 

ʟʘʨʘʞʝʥʥʦʡ ʩʣʠʟʠʩʪʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ. ʕʪʦʤʫ ʩʧʦʩʦʙʩʪʚʫʶʪ: ʥʘʣʠʯʠʝ ʛʨʫʧʧ, 

ʦʙʨʘʟʫʶʱʠʭ ʧʨʦʯʥʳʝ ʚʦʜʦʨʦʜʥʳʝ ʩʚʷʟʠ (-OH, -COOH); ʟʘʨʷʜ; ʙʦʣʴʰʦʡ 

ʤʦʣʝʢʫʣʷʨʥʳʡ ʚʝʩ; ʜʦʩʪʘʪʦʯʥʘʷ ʛʠʙʢʦʩʪʴ ʮʝʧʝʡ; ʩʚʦʡʩʪʚʘ ʵʥʝʨʛʠʠ ʧʦʚʝʨʭʥʦʩʪʠ, 

ʙʣʘʛʦʧʨʠʷʪʩʪʚʫʶʱʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʚ ʩʣʠʟʴ (Sinh V. R. et al., 2004). ʂʨʦʤʝ ʵʪʦʛʦ, 

ʭʠʪʦʟʘʥ ʩʧʦʩʦʙʝʥ ʦʪʢʨʳʚʘʪʴ ʧʣʦʪʥʳʝ ʢʣʝʪʦʯʥʳʝ ʢʦʥʪʘʢʪʳ ʚ ʵʧʠʪʝʣʠʘʣʴʥʳʭ 

ʪʢʘʥʷʭ. ɺ ʨʘʙʦʪʝ (Charlton S. T. et al., 2007) ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʜʦʙʘʚʣʝʥʠʝ 0,5 % 

ʨʘʩʪʚʦʨʘ ʭʠʪʦʟʘʥʘ ʢ ʢʣʝʪʢʘʤ MDCK (ʢʣʝʪʢʠ ʧʦʯʢʠ ʩʦʙʘʢʠ ʤʘʡʜʠʥ-ʜʨɻʙʠ) 

ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʫʤʝʥʴʰʝʥʠʝ ʪʨʘʥʩʵʧʠʪʝʣʠʘʣʴʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʩʦʧʨʦʪʠʚʣʝʥʠʷ (TEER), ʧʨʘʢʪʠʯʝʩʢʠ ʜʦ 0. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ 

ʫʚʝʣʠʯʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʠ ʤʘʥʥʠʪʦʣʘ ʚ ʙʘʟʘʣʴʥʦʤ ʦʪʜʝʣʝʥʠʠ (ʧʦʜ ʤʝʤʙʨʘʥʦʡ ʩ 

ʵʧʠʪʝʣʠʘʣʴʥʳʤʠ ʢʣʝʪʢʘʤʠ) ʧʦʩʣʝ ʜʦʙʘʚʣʝʥʠʷ ʫʢʘʟʘʥʥʦʛʦ ʨʘʩʪʚʦʨʘ ʧʝʢʪʠʥʘ. ɺ 

ʢʦʥʪʨʦʣʴʥʦʡ ʛʨʫʧʧʝ, ʤʘʥʥʠʪʦʣ ʧʨʘʢʪʠʯʝʩʢʠ ʥʝ ʧʨʦʥʠʢʘʝʪ ʯʝʨʝʟ ʢʣʝʪʦʯʥʳʡ 

ʤʦʥʦʩʣʦʡ. ʆʙʘ ʵʪʠʭ ʵʬʬʝʢʪʘ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦʙ ʦʪʢʨʳʪʠʠ ʧʣʦʪʥʳʭ ʢʣʝʪʦʯʥʳʭ 
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ʢʦʥʪʘʢʪʦʚ, ʜʦʩʪʘʪʦʯʥʦʝ ʥʝ ʪʦʣʴʢʦ ʜʣʷ ʪʦʢʘ ʠʦʥʦʚ, ʥʦ ʷ ʜʣʷ ʧʨʦʥʠʢʥʦʚʝʥʠʷ 

ʤʦʣʝʢʫʣ ʃʉ. 

ɺ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʭʠʪʦʟʘʥ ʥʘʰʝʣ ʧʨʠʤʝʥʝʥʠʝ ʚ 

ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʧʨʠ ʧʨʦʠʟʚʦʜʩʪʚʝ ʪʘʙʣʝʪʦʢ ʤʝʪʦʜʦʤ ʧʨʷʤʦʛʦ ʧʨʝʩʩʦʚʘʥʠʷ, ʚ 

ʢʘʯʝʩʪʚʝ ʜʝʟʠʥʪʝʛʨʠʨʫʶʱʝʛʦ ʘʛʝʥʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʩʚʷʟʫʶʱʝʛʦ ʠ ʛʨʘʥʫʣʠʨʫʶʱʝʛʦ 

ʘʛʝʥʪʘ, ʚ ʢʘʯʝʩʪʚʝ ʥʦʩʠʪʝʣʷ ʜʣʷ ʃʉ ʜʣʠʪʝʣʴʥʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ, ʘ ʪʘʢʞʝ ʢʘʢ 

ʜʦʧʦʣʥʠʪʝʣʴʥʳʡ ʨʘʩʪʚʦʨʠʪʝʣʴ ʜʣʷ ʫʚʝʣʠʯʝʥʠʷ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʠ ʙʠʦʜʦʩʪʫʧʥʦʩʪʠ 

ʥʝ ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʃʉ (Charlton S. T. et al., 2007). 

ʉʘʤʳʤʠ ʨʘʩʧʨʦʩʪʨʘʥʸʥʥʳʤʠ ʩʠʩʪʝʤʘʤʠ ʜʦʩʪʘʚʢʠ ʃʉ ʥʘ ʦʩʥʦʚʝ ʭʠʪʦʟʘʥʘ 

ʷʚʣʷʶʪʩʷ ʤʠʢʨʦʩʬʝʨʳ. ʆʥʠ ʧʨʠʤʝʥʷʶʪʩʷ ʜʣʷ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʚʳʩʚʦʙʦʞʜʝʥʠʷ 

ʘʥʪʠʙʠʦʪʠʢʦʚ, ʘʥʪʠʛʠʧʝʨʪʝʥʟʠʚʥʳʭ ʘʛʝʥʪʦʚ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʭ ʠ 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʡ ʃʉ, ʙʝʣʢʦʚ, ʧʝʧʪʠʜʥʳʭ ʃʉ, ʚʘʢʮʠʥ ʠ ʜʨ. ʊʘʢʠʝ 

ʤʠʢʨʦʩʬʝʨʳ ʧʦʟʚʦʣʷʶʪ ʚʳʩʚʦʙʦʞʜʘʪʴ ʤʦʣʝʢʫʣʳ ʃʉ ʚ ʩʪʨʦʛʦ ʧʦʣʦʞʝʥʥʦʤ ʤʝʩʪʝ ʠ 

ʚ ʥʝʦʙʭʦʜʠʤʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʤʠʰʝʥʴ-

ʦʨʠʝʥʪʠʨʦʚʘʥʥʘʷ ʪʝʨʘʧʠʷ. ɼʣʷ çʥʘʩʪʨʦʡʢʠè ʤʠʢʨʦʩʬʝʨ ʠʩʧʦʣʴʟʫʶʪ ʨʘʟʣʠʯʥʳʝ 

ʢʦʤʙʠʥʘʮʠʠ ʃʉ-ʧʦʣʠʤʝʨ, ʪʘʢʞʝ ʤʦʞʥʦ ʤʝʥʷʪʴ ʢʦʣʠʯʝʩʪʚʦ ʃʉ ʚ ʤʠʢʨʦʩʬʝʨʝ ʠ 

ʚʘʨʴʠʨʦʚʘʪʴ ʩʢʦʨʦʩʪʴ ʚʳʩʚʦʙʦʞʜʝʥʠʷ. ʇʦʣʫʯʘʶʪ ʤʠʢʨʦʩʬʝʨʳ ʭʠʪʦʟʘʥʘ ʧʫʪʝʤ 

ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʩʰʠʚʘʥʠʷ ʝʛʦ ʤʦʣʝʢʫʣ ʧʨʠ ʜʦʙʘʚʣʝʥʠʠ ʩʪʨʦʛʦ ʦʧʨʝʜʝʣʝʥʥʳʭ 

ʢʦʣʠʯʝʩʪʚ ʤʫʣʴʪʠʚʘʣʝʥʪʥʦʛʦ ʘʥʠʦʥʘ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʤʦʞʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʚ ʩʨʝʜʝ ʩ 

ʣʶʙʦʡ ʢʠʩʣʦʪʥʦʩʪʴʶ, ʦʪ ʢʠʩʣʦʡ ʜʦ ʱʝʣʦʯʥʦʡ (Sinh V. R. et al., 2004). ʅʘ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʟʘʭʚʘʪʘ ʣʝʢʘʨʩʪʚʝʥʥʳʭ ʤʦʣʝʢʫʣ ʤʠʢʨʦʩʬʝʨʘʤʠ ʭʠʪʦʟʘʥʘ ʚʣʠʷʶʪ 

ʤʥʦʞʝʩʪʚʦ ʬʘʢʪʦʨʦʚ, ʢʘʢ, ʥʘʧʨʠʤʝʨ, ʧʨʠʨʦʜʘ ʃʉ, ʩʢʦʨʦʩʪʴ ʧʝʨʝʤʝʰʠʚʘʥʠʷ, 

ʩʦʦʪʥʦʰʝʥʠʝ ʃʉ:ʧʦʣʠʤʝʨ, ʢʦʥʮʝʥʪʨʘʮʠʷ ʭʠʪʦʟʘʥʘ. ʇʨʠ ʵʪʦʤ ʠʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ 

ʤʘʣʳʭ ʢʦʥʮʝʥʪʨʘʮʠʷʭ ʧʦʣʠʤʝʨʘ ʧʨʦʠʩʭʦʜʠʪ ʥʝ ʜʦʩʪʘʪʦʯʥʳʡ ʟʘʭʚʘʪ ʤʦʣʝʢʫʣ ʃʉ, ʘ 

ʧʨʠ ʚʳʩʦʢʦʡ ʢʦʥʮʝʥʪʨʘʮʠʠ ʭʠʪʦʟʘʥ ʦʙʨʘʟʫʝʪ ʦʯʝʥʴ ʚʷʟʢʠʝ ʨʘʩʪʚʦʨʳ, ʩ ʢʦʪʦʨʳʤʠ 

ʩʣʦʞʥʦ ʨʘʙʦʪʘʪʴ. ɺʳʩʚʦʙʦʞʜʝʥʠʝ ʤʦʣʝʢʫʣ ʃʉ ʠʟ ʤʠʢʨʦʩʬʝʨ ʟʘʚʠʩʠʪ ʪʘʢʞʝ ʦ 

ʤʥʦʛʠʭ ʬʘʢʪʦʨʦʚ: ʢʦʣʠʯʝʩʪʚʦ ʃʉ, ʬʠʟʠʯʝʩʢʦʝ ʩʦʩʪʦʷʥʠʝ (ʤʦʣʝʢʫʣʷʨʥʳʝ 

ʜʠʩʧʝʨʩʠʠ, ʪʚʝʨʜʳʝ ʨʘʩʪʚʦʨʳ, ʢʨʠʩʪʘʣʣʳ ʠ ʜʨ.), ʩʪʝʧʝʥʴ ʧʝʨʝʢʨʝʩʪʥʦʛʦ ʩʰʠʚʘʥʠʷ 

(ʯʝʤ ʦʥʘ ʙʦʣʴʰʝ, ʪʝʤ ʤʝʜʣʝʥʥʝʝ ʧʨʦʠʩʭʦʜʠʪ ʚʳʩʚʦʙʦʞʜʝʥʠʝ ʃʉ), ʥʘʣʠʯʠʝ 

ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪʦʚ, pH ʩʨʝʜʳ ʠ ʜʨ. (Sinh V. R. et al., 2004).    
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1.8. ɸʨʘʙʠʥʦʛʘʣʘʢʪʘʥ 

 

ɸʨʘʙʠʥʦʛʘʣʘʢʪʘʥʳ ï ʵʪʦ ʢʣʘʩʩ ʧʦʣʠʩʘʭʘʨʠʜʦʚ, ʦʙʥʘʨʫʞʠʚʘʝʤʳʡ ʚ ʙʦʣʴʰʦʤ 

ʢʦʣʠʯʝʩʪʚʝ ʨʘʩʪʝʥʠʡ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʝ ̫ ʵʪʠ ʧʨʠʨʦʜʥʳʝ ʤʝʪʘʙʦʣʠʪ r ʥʝ 

ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʬʘʨʤʘʮʝʚʪʠʯʝʩʢʦʡ ʧʨʦʤʳʰʣʝʥʥʦʩʪʠ ʢʘʢ ʥʦʩʠʪʝʣʠ ʜʣʷ ʧʣʦʭʦ 

ʨʘʩʪʚʦʨʠʤʳʭ ʚ ʚʦʜʝ ʃʉ. ʊʘʢʦʝ ʠʭ ʩʚʦʡʪʩʚʦ ʚʧʨʝʚʳʝ ʠʟʫʯʝʥʦ ʚ ʨʘʤʢʘʭ ʥʘʩʪʦʷʱʝʡ 

ʜʠʩʩʝʨʪʘʮʠʦʥʥʦʡ ʨʘʙʦʪʳ. ɸʨʘʙʠʥʦʛʘʣʘʢʪʘʥʳ ʧʦʜʨʘʟʜʝʣʷʶʪ ʥʘ 2 ʪʠʧʘ: ʘʨʘʙʠʥʦ-4-

ʛʘʣʘʢʪʘʥʳ (ʪʠʧ I) ʠ ʘʨʘʙʠʥʦ-3,6-ʛʘʣʘʢʪʘʥʳ (ʪʠʧ II). ɸʨʘʙʠʥʦʛʘʣʘʢʪʘʥʳ II ʪʠʧʘ 

ʥʘʠʙʦʣʝʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʠ ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦʝ ʧʨʘʢʪʠʯʝʩʢʦʝ ʟʥʘʯʝʥʠʝ. ʆʥʠ 

ʩʦʩʪʘʚʣʷʶʪ ʦʩʥʦʚʫ ʢʘʤʝʜʝʡ ʧʦʢʨʳʪʦʩʝʤʝʥʥʳʭ ʨʘʩʪʝʥʠʡ, ʥʘʧʨʠʤʝʨ ʘʢʘʮʠʠ, ʘ 

ʪʘʢʞʝ ʛʦʣʦʩʝʤʝʥʥʳʭ, ʦʩʦʙʝʥʥʦ ʣʠʩʪʚʝʥʥʠʮʳ (p. Larix) (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 

2003; Odonmazig P. et al., 1994). ʂʘʤʝʜʴ ʘʢʘʮʠʠ ʠ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥ ʣʠʩʪʚʝʥʥʠʮʳ 

ʩʦʩʪʘʚʣʷʶʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʯʘʩʪʴ ʠʭ ʙʠʦʤʘʩʩʳ. ʊʘʢ, ʷʜʨʦʚʘʷ ʜʨʝʚʝʩʠʥʘ ʥʝʢʦʪʦʨʳʭ 

ʚʠʜʦʚ ʣʠʩʪʚʝʥʥʠʮʳ ʩʦʜʝʨʞʠʪ ʜʦ 35% ɸɻ, ʘ ʦʜʥʦ ʜʝʨʝʚʦ ʘʢʘʮʠʠ ʤʦʞʝʪ ʝʞʝʛʦʜʥʦ 

ʧʨʦʜʫʮʠʨʦʚʘʪʴ ʙʦʣʝʝ 2 ʢʛ ʢʘʤʝʜʠ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). ɼʣʷ 

ʧʨʦʤʳʰʣʝʥʥʦʛʦ ʧʦʣʫʯʝʥʠʷ ɸɻ ʚ ʤʠʨʝ ʚ ʦʩʥʦʚʥʦʤ ʠʩʧʦʣʴʟʫʶʪ ʜʨʝʚʝʩʠʥʫ 

ʟʘʧʘʜʥʦʡ ʠ ʜʘʫʨʩʢʦʡ ʣʠʩʪʚʝʥʥʠʮʳ (Larix occidentalis ʠ Larix dahurica). ʇʦʩʣʝʜʥʷʷ 

ʚ ʈʦʩʩʠʠ ʙʦʣʴʰʝ ʠʟʚʝʩʪʥʘ ʧʦʜ ʥʘʟʚʘʥʠʝʤ ʣʠʩʪʚʝʥʥʠʮʳ ɻʤʝʣʠʥʘ (Larix gmelinii) ʠ 

ʧʨʦʠʟʨʘʩʪʘʝʪ ʚ ʦʩʥʦʚʥʦʤ ʥʘ ʪʝʨʨʠʪʦʨʠʠ ɺʦʩʪʦʯʥʦʡ ʉʠʙʠʨʠ ʠ ɿʘʙʘʡʢʘʣʴʷ. ʊʘʢʞʝ ʢ 

ʧʨʦʤʳʰʣʝʥʥʳʤ ʚʠʜʘʤ ʣʠʩʪʚʝʥʥʠʮʳ ʚ ʉʠʙʠʨʠ ʦʪʥʦʩʠʪʩʷ ʩʠʙʠʨʩʢʘʷ ʣʠʩʪʚʝʥʥʠʮʘ 

ï Larix sibirica (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). ɼʨʝʚʝʩʠʥʘ ʵʪʠʭ ʜʚʫʭ ʚʠʜʦʚ 

ʣʠʩʪʚʝʥʥʠʮʳ ʩʦʜʝʨʞʠʪ 15% ɸɻ (ɸʥʪʦʥʦʚʘ ɻ. ʌ. ʠ ʜʨ., 1983).  

ʄʘʢʨʦʤʦʣʝʢʫʣʘ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʠʟ ʜʨʝʚʝʩʠʥʳ ʣʠʩʪʚʝʥʥʠʮʳ ʠʤʝʝʪ ʚʳʩʦʢʦ 

ʨʘʟʚʝʪʚʣʝʥʥʦʝ ʩʪʨʦʝʥʠʝ. ɻʣʘʚʥʘʷ ʮʝʧʴ ʝʝ ʩʦʩʪʦʠʪ ʠʟ ʟʚʝʥʴʝʚ ʛʘʣʘʢʪʦʟʳ, 

ʩʦʝʜʠʥʝʥʥʳʭ ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʷʤʠ ɓ-(1Ÿ3), ʘ ʙʦʢʦʚʳʝ ʮʝʧʠ ʩʦ ʩʚʷʟʷʤʠ ɓ-(1Ÿ6) 

ï ʠʟ ʟʚʝʥʴʝʚ ʛʘʣʘʢʪʦʟʳ ʠ ʘʨʘʙʠʥʦʟʳ, ʠʟ ʝʜʠʥʠʯʥʳʭ ʟʚʝʥʴʝʚ ʘʨʘʙʠʥʦʟʳ, ʘ ʪʘʢʞʝ 

ʫʨʦʥʦʚʳʭ ʢʠʩʣʦʪ, ʚ ʦʩʥʦʚʥʦʤ ʛʣʶʢʫʨʦʥʦʚʦʡ. ʀʤʝʶʪʩʷ ʩʚʝʜʝʥʠʷ ʦ ʪʦʤ, ʯʪʦ ʟʚʝʥʴʷ 

ʘʨʘʙʠʥʦʟʳ ʧʨʠʩʫʪʩʪʚʫʶʪ ʪʘʢʞʝ ʚ ʦʩʥʦʚʥʦʡ ʮʝʧʠ ʤʘʢʨʦʤʦʣʝʢʫʣʳ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. 

ʠ ʜʨ., 2003). ʉʦʦʪʥʦʰʝʥʠʝ ʟʚʝʥʴʝʚ ʛʘʣʘʢʪʦʟʳ ʠ ʘʨʘʙʠʥʦʟʳ ʧʨʠʤʝʨʥʦ 6:1, ʧʨʠ ʵʪʦʤ 

1/3 ʟʚʝʥʴʝʚ ʘʨʘʙʠʥʦʟʳ ʥʘʭʦʜʠʪʩʷ ʚ ʧʠʨʘʥʦʟʥʦʡ ʬʦʨʤʝ, ʘ 2/3 ï ʚ ʬʫʨʘʥʦʟʥʦʡ 
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(ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). ʕʪʠ ʩʦʦʪʥʦʰʝʥʠʷ, ʘ ʪʘʢʞʝ ʤʦʣʝʢʫʣʷʨʥʘʷ ʤʘʩʩʘ 

(ʤ.ʤ.) ɸɻ ʤʦʛʫʪ ʚʘʨʴʠʨʦʚʘʪʴʩʷ ʢʘʢ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʚʠʜʘ ʣʠʩʪʚʝʥʥʠʮʳ, ʪʘʢ ʚ 

ʧʨʝʜʝʣʘʭ ʦʜʥʦʛʦ ʚʠʜʘ. ʉʦʩʪʘʚ ʤʘʢʨʦʤʦʣʝʢʫʣ ɸɻ ʚʘʨʴʠʨʫʝʪ ʪʘʢʞʝ ʚ ʟʘʚʠʩʠʤʦʩʪʠ 

ʦʪ ʫʩʣʦʚʠʡ ʝʛʦ ʚʳʜʝʣʝʥʠʷ ʠʟ ʜʨʝʚʝʩʠʥʳ ʠ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ 

ʜʨ., 2003). ʉʦʦʪʥʦʰʝʥʠʝ ʛʘʣʘʢʪʦʟʥʳʭ ʠ ʘʨʘʙʠʥʦʟʥʳʭ ʬʨʘʛʤʝʥʪʦʚ ʚʦ ʬʨʘʢʮʠʷʭ ɸɻ 

ʠʟ ʜʨʝʚʝʩʠʥʳ ʟʘʧʘʜʥʦʡ ʣʠʩʪʚʝʥʥʠʮʳ ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʦʪ 2,33:1 ʜʦ 6,99:1 ʩ 

ʫʚʝʣʠʯʝʥʠʝʤ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʳ ʦʪ 3 ʜʦ 79 ʢɼʘ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003).  

ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ ɸɻ ʠʟ ʟʘʧʘʜʥʦʡ ʣʠʩʪʚʝʥʥʠʮʳ ʟʚʝʥʴʷ 

ʘʨʘʙʠʥʦʟʳ ʨʘʩʧʦʣʦʞʝʥʳ ʥʘ ʢʦʥʮʘʭ ʙʦʢʦʚʳʭ ʦʪʚʝʪʚʣʝʥʠʡ, ʩʦʩʪʦʷʱʠʭ ʠʟ ʪʨʝʭ ʠʣʠ 

ʯʝʪʳʨʝʭ ʤʦʥʦʩʘʭʘʨʠʜʥʳʭ ʦʩʪʘʪʢʦʚ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). 

ʉʦʜʝʨʞʘʥʠʝ ʟʚʝʥʴʝʚ ʛʣʶʢʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ ʚ ɸɻ ʠʟ ʨʘʟʣʠʯʥʳʭ ʚʠʜʦʚ 

ʣʠʩʪʚʝʥʥʠʮʳ ʥʝʟʥʘʯʠʪʝʣʴʥʦ, ʘ ʚ ʦʯʠʱʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ɸɻ ʠʟ ʟʘʧʘʜʥʦʡ, 

ʝʚʨʦʧʝʡʩʢʦʡ, ʛʦʨʥʦʡ ʠ ʩʠʙʠʨʩʢʦʡ ʣʠʩʪʚʝʥʥʠʮ ʢʠʩʣʦʪʥʳʝ ʬʨʘʛʤʝʥʪʳ ʥʝ 

ʦʙʥʘʨʫʞʝʥʳ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). 

ʉʚʦʡʩʪʚʘ ɸɻ ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʪʩʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ ʝʛʦ 

ʤʘʢʨʦʤʦʣʝʢʫʣ. ʀʤʝʶʱʠʝʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʜʘʥʥʳʝ ʦ ʤʦʣʝʢʫʣʷʨʥʳʭ ʤʘʩʩʘʭ ɸɻ 

ʣʠʩʪʚʝʥʥʠʮʳ ʚʝʩʴʤʘ ʧʨʦʪʠʚʦʨʝʯʠʚʳ. ʆʧʨʝʜʝʣʝʥʠʷ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩ r

ʨʘʟʣʠʯʥʳʤʠ ʤʝʪʦʜʘʤʠ ʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʦʪʣʠʯʘʶʱʠʝʩʷ ʚ 2 ʠ ʙʦʣʝʝ ʨʘʟ.  

 

 

 

ʈʠʩʫʥʦʢ 11 ï ʍʠʤʠʯʝʩʢʦʝ ʩʪʨʦʝʥʠʝ ɸɻ. ʌʦʪʦʛʨʘʬʠʷ Larix sibirica. 
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ɺʝʨʦʷʪʥʦ, ʩʪʦʣʴ ʩʫʱʝʩʪʚʝʥʥʳʝ ʨʘʟʣʠʯʠʷ ʦʙʫʩʣʦʚʣʝʥʳ ʪʝʤ, ʯʪʦ 

ʤʘʢʨʦʤʦʣʝʢʫʣʳ ɸɻ ʩʫʱʝʩʪʚʫʶʪ ʚ ʦʯʝʥʴ ʢʦʤʧʘʢʪʥʦʡ, ʚʦʟʤʦʞʥʦ, ʩʬʝʨʠʯʝʩʢʦʡ 

ʬʦʨʤʝ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). 

ɺ ʧʦʣʴʟʫ ʵʪʦʛʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʠ ʘʥʦʤʘʣʴʥʦ ʥʠʟʢʠʝ ʟʥʘʯʝʥʠʷ ʚʷʟʢʦʩʪʠ 

ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ɸɻ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). ʏʠʩʪʳʡ ɸɻ ʧʨʝʜʩʪʘʚʣʷʝʪ 

ʩʦʙʦʡ ʩʫʭʦʡ ʩʳʧʫʯʠʡ ʧʦʨʦʰʦʢ ʩʦ ʩʣʘʙʳʤ ʩʦʩʥʦʚʳʤ ʟʘʧʘʭʦʤ ʠ ʩʣʘʜʢʦʚʘʪʳʤ 

ʚʢʫʩʦʤ, ʢʦʪʦʨʳʡ 100% ʨʘʩʪʚʦʨʠʤ ʚ ʚʦʜʝ (Kelly G. S. et al., 1999).  

ʊʝʨʤʠʯʝʩʢʘʷ ʠ ʛʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʩʪʘʙʠʣʴʥʦʩʪʴ ʷʚʣʷʶʪʩʷ ʚʘʞʥʳʤʠ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ɸɻ, ʚʦ ʤʥʦʛʦʤ ʦʧʨʝʜʝʣʷʶʱʠʤʠ ʚʦʟʤʦʞʥʦʩʪʴ ʝʛʦ 

ʠʩʧʦʣʴʟʦʚʘʥʠʷ. ɸʚʪʦʨʘʤʠ (ʊʝʨʧʫʢʦʚʘ ɸ. ʌ. ʠ ʜʨ., 1978) ʧʦʢʘʟʘʥʦ, ʯʪʦ ʩʚʦʡʩʪʚʘ ɸɻ 

ʠʟ ʜʨʝʚʝʩʠʥʳ ʠ ʥʘʪʝʯʥʦʡ ʢʘʤʝʜʠ ʣʠʩʪʚʝʥʥʠʮʳ ʥʝ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ ʜʣʠʪʝʣʴʥʦʤ 

ʥʘʛʨʝʚʘʥʠʠ ʧʨʠ 105Á ʉ ʠ ʤʘʣʦ ʠʟʤʝʥʷʶʪʩʷ ʧʨʠ 130Á ʉ. ʇʦʚʳʰʝʥʠʝ ʪʝʤʧʝʨʘʪʫʨʳ 

ʜʦ 150Á ʉ ʧʨʠʚʦʜʠʪ ʢ ʫʚʝʣʠʯʝʥʠʶ ʧʦʪʝʨʠ ʤʘʩʩʳ. ʂʨʦʤʝ ʪʦʛʦ, ʫʚʝʣʠʯʠʚʘʝʪʩʷ 

ʩʨʝʜʥʷʷ ʩʪʝʧʝʥʴ ʧʦʣʠʤʝʨʠʟʘʮʠʠ ɸɻ ʠ ʚʦʟʨʘʩʪʘʝʪ ʢʦʣʠʯʝʩʪʚʦ 

ʚʳʩʦʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʬʨʘʢʮʠʡ, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʧʨʦʪʝʢʘʥʠʠ 

ʢʦʥʜʝʥʩʘʮʠʦʥʥʳʭ ʧʨʦʮʝʩʩʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ, ʤʝʞʤʦʣʝʢʫʣʷʨʥʦʡ ʜʝʛʠʜʨʘʪʘʮʠʠ. 

ɻʠʜʨʦʣʠʪʠʯʝʩʢʘʷ ʫʩʪʦʡʯʠʚʦʩʪʴ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ ʚ 

ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʟʘʚʠʩʠʪ ʦʪ ʨʅ ʩʨʝʜʳ ʠ ʪʝʤʧʝʨʘʪʫʨʳ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 

2003). ʇʨʠ ʨʅ 1,3 ʛʠʜʨʦʣʠʟ ʧʨʦʪʝʢʘʝʪ ʩ ʟʘʤʝʪʥʦʡ ʩʢʦʨʦʩʪʴʶ ʫʞʝ ʧʨʠ 75Á ʉ, ʧʨʠ 

100Á ʉ ʛʠʜʨʦʣʠʟ ʧʨʘʢʪʠʯʝʩʢʠ ʟʘʢʘʥʯʠʚʘʝʪʩʷ ʯʝʨʝʟ 4 ʯ. ɺ ʤʝʥʝʝ ʢʠʩʣʦʡ ʩʨʝʜʝ (ʨʅ 

3,8 ʠ 4,5) ʥʘʯʘʣʦ ʛʠʜʨʦʣʠʟʘ ʦʪʤʝʯʘʝʪʩʷ ʧʨʠ 150Á ʉ, ʧʨʠ 180Á ʉ ɸɻ ʧʦʣʥʦʩʪʴʶ 

ʛʠʜʨʦʣʠʟʫʝʪʩʷ ʚ ʪʝʯʝʥʠʝ 1,5ï2 ʯ. ʉʦʚʦʢʫʧʥʦʩʪʴ ʚʳʩʦʢʦʡ ʨʘʩʪʚʦʨʠʤʦʩʪʠ ʚ ʚʦʜʝ, 

ʫʥʠʢʘʣʴʥʦ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʠ ʨʘʩʪʚʦʨʦʚ, ʫʟʢʦʛʦ ʤʦʣʝʢʫʣʷʨʥʦ-ʤʘʩʩʦʚʦʛʦ 

ʨʘʩʧʨʝʜʝʣʝʥʠʷ, ʙʠʦʨʘʟʣʘʛʘʝʤʦʩʪʠ ʠ ʥʝ ʪʦʢʩʠʯʥʦʩʪʠ (ʃɼ50 > 5 ʛ/ʢʛ, ʦʪʩʫʪʩʪʚʠʝ 

ʭʨʦʥʠʯʝʩʢʦʡ ʪʦʢʩʠʯʥʦʩʪʠ ʚ ʜʦʟʝ 500 ʤʛ/ʢʛ/ʩʫʪʢʠ) ʜʝʣʘʶʪ ʵʪʦʪ ʧʨʠʨʦʜʥʳʡ 

ʧʦʣʠʩʘʭʘʨʠʜ ʢʨʘʡʥʝ ʠʥʪʝʨʝʩʥʳʤ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʤʝʜʠʮʠʥʝ (Groman E. V. et 

al., 1994; ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003).  

ʌʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ɸɻ ʧʦʩʣʝ ʧʝʨʦʨʘʣʴʥʦʛʦ ʧʨʠʝʤʘ ʯʝʣʦʚʝʢʦʤ ʜʦ ʢʦʥʮʘ ʥʝ 

ʠʟʫʯʝʥʘ. ʊʘʢʞʝ ʥʝ ʠʟʚʝʩʪʥʘ ʘʙʩʦʣʶʪʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ ɸɻ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʧʦʩʣʝ 

ʘʙʩʦʨʙʮʠʠ ʠʟ ɾʂʊ. ʆʜʥʘʢʦ, ʠʟʚʝʩʪʥʦ, ʯʪʦ ɸɻ ʧʦʜʚʝʨʛʘʝʪʩʷ ʬʝʨʤʝʥʪʘʮʠʠ 
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ʢʠʰʝʯʥʦʡ ʤʠʢʨʦʬʣʦʨʦʡ ʜʦ ʥʠʟʢʦʤʦʣʝʢʫʣʷʨʥʳʭ ʧʨʦʜʫʢʪʦʚ ʠ ʩʪʠʤʫʣʠʨʫʝʪ ʨʦʩʪ 

ʧʦʣʝʟʥʳʭ ʘʥʘʵʨʦʙʥʳʭ ʙʘʢʪʝʨʠʡ: ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʠ ʣʘʢʪʦʙʘʢʪʝʨʠʡ (Vince A. J. et 

al., 1990; Kaneo Y. et al., 2000). 

ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʥʘ ʞʠʚʦʪʥʳʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʧʝʨʠʦʜ 

ʧʦʣʫʚʳʚʝʜʝʥʠʷ ɸɻ ʧʦʩʣʝ ʚʥʫʪʨʠʚʝʥʥʦʛʦ ʚʚʝʜʝʥʠʷ ʩʦʩʪʘʚʣʷʝʪ ʧʦ ʨʘʟʥʳʤ ʜʘʥʥʳʤ 

ʦʪ 3,8 ʜʦ 5,46 ʤʠʥʫʪʳ. ʏʝʨʝʟ 60-90 ʤʠʥʫʪ ʧʦʩʣʝ ʚ/ʚ ʚʚʝʜʝʥʠʷ ʥʘʠʙʦʣʴʰʘʷ 

ʢʦʥʮʝʥʪʨʘʮʠʷ ɸɻ ʦʧʨʝʜʝʣʷʝʪʩʷ ʚ ʧʝʯʝʥʠ ʠ ʧʦʯʢʘʭ. ʇʝʯʝʥʦʯʥʳʡ ʢʣʠʨʝʥʩ 

ʧʨʦʠʩʭʦʜʠʪ ʩ ʧʝʨʠʦʜʦʤ ʧʦʣʫʚʳʚʝʜʝʥʠʷ 3,42 ʜʥʷ. ʉʨʝʜʥʝʝ ʚʨʝʤʷ ʫʜʝʨʞʠʚʘʥʠʷ 

(MRT) ʚ ʧʝʯʝʥʠ ʠ ʧʦʯʢʘʭ 5,67 ʠ 4,74 ʜʥʷ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʆʜʥʘʢʦ, ʜʦ 3,3% ʦʪ 

ʚʚʝʜʝʥʥʦʡ ʜʦʟʳ ɸɻ ʦʧʨʝʜʝʣʷʝʪʩʷ  ʚ ʧʝʯʝʥʠ ʩʧʫʩʪʷ 14 ʜʥʝʡ, ʧʨʠ ʵʪʦʤ ɸɻ 

ʩʦʭʨʘʥʷʝʪʩʷ ʚ ʥʝʠʟʤʝʥʥʦʤ ʚʠʜʝ  (Groman E. V. et al., 1994; Kaneo Y. et al., 2000).  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʦʯʠʱʝʥʥʳʝ ɸɻ ʠʟ ʟʘʧʘʜʥʦʡ ʣʠʩʪʚʝʥʥʠʮʳ ʩʧʦʩʦʙʥʳ 

ʩʚʷʟʳʚʘʪʴʩʷ in vitro ʩ ʧʝʯʝʥʦʯʥʳʤʠ ʘʩʠʘʣʦʛʣʠʢʦʧʨʦʪʝʠʥʦʚʳʤʠ ʨʝʮʝʧʪʦʨʘʤʠ. ʕʪʦ 

ʩʚʦʡʩʪʚʦ ʪʘʢʞʝ ʥʘʛʣʷʜʥʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʠ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ in vivo. 

ɸɻ, ʜʦʩʪʠʛʘʝʪ ʧʝʯʝʥʠ ʧʦ ʧʦʨʪʘʣʴʥʦʡ ʚʝʥʝ ʠ ʟʘʪʝʤ ʙʳʩʪʨʦ ʠ ʩʧʝʮʠʬʠʯʥʦ 

ʟʘʭʚʘʪʳʚʘʝʪʩʷ ʛʝʧʘʪʦʮʠʪʘʤʠ ʧʫʪʝʤ ʨʝʮʝʧʪʦʨ-ʦʧʦʩʨʝʜʦʚʘʥʥʦʛʦ ʵʥʜʦʮʠʪʦʟʘ. 

ʇʨʠʯʠʥʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥʘ ʩ ʵʪʠʤʠ ʨʝʮʝʧʪʦʨʘʤʠ ʤʦʞʝʪ 

ʟʘʢʣʶʯʘʪʴʩʷ ʚ ʚʳʩʦʢʦʡ ʨʘʟʚʝʪʚʣʝʥʥʦʩʪʠ ʩʪʨʫʢʪʫʨʳ ʤʘʢʨʦʤʦʣʝʢʫʣ ɸɻ ʠ ʚ ʥʘʣʠʯʠʠ 

ʚ ʥʠʭ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʦʥʮʝʚʳʭ ʛʘʣʘʢʪʦʟʥʳʭ ʠ ʘʨʘʙʠʥʦʟʥʳʭ ʛʨʫʧʧ (Groman E. V. 

et al., 1994). ɺʚʠʜʫ ʪʦʛʦ, ʯʪʦ ɸɻ ʥʘʢʘʧʣʠʚʘʝʪʩʷ ʚ ʧʝʯʝʥʠ ʠ ʘʢʪʠʚʥʦ ʫʩʚʘʠʚʘʝʪʩʷ 

ʛʝʧʘʪʦʮʠʪʘʤʠ, ʦʥ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ ʢʘʯʝʩʪʚʝ ʘʜʨʝʩʥʦʡ ʜʦʩʪʘʚʢʠ ʃʉ ʚ 

ʧʝʯʝʥʴ (Groman E. V. et al., 1994).  

ɸɻ ʷʚʣʷʝʪʩʷ ʧʨʝʢʨʘʩʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʢʣʝʪʯʘʪʢʠ, ʥʘ ʦʩʥʦʚʝ ɸɻ ʠʟ ʟʘʧʘʜʥʦʡ 

ʣʠʩʪʚʝʥʥʠʮʳ ʨʘʟʨʘʙʦʪʘʥʘ ʧʨʝʙʠʦʪʠʯʝʩʢʘʷ ʧʠʱʝʚʘʷ ʜʦʙʘʚʢʘ ʜʣʷ ʧʦʜʜʝʨʞʘʥʠʷ 

ʨʦʩʪʘ ʧʦʣʝʟʥʳʭ ʙʠʬʠʜʦʙʘʢʪʝʨʠʡ ʠ ʣʘʢʪʦʙʘʮʠʣʣ ʚ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʤ ʪʨʘʢʪʝ 

ʯʝʣʦʚʝʢʘ ï çClearTrac
TM 
AGè. ʂʨʦʤʝ ʪʦʛʦ, ʵʪʦʪ ʧʨʝʧʘʨʘʪ ʩʧʦʩʦʙʩʪʚʫʝʪ 

ʦʙʨʘʟʦʚʘʥʠʶ ʢʦʨʦʪʢʦʮʝʧʦʯʝʯʥʳʭ ʞʠʨʥʳʭ ʢʠʩʣʦʪ, ʯʨʝʟʚʳʯʘʡʥʦ ʚʘʞʥʳʭ ʜʣʷ 

ʥʦʨʤʘʣʴʥʦʡ ʨʘʙʦʪʳ ʦʨʛʘʥʠʟʤʘ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). ʗʚʣʷʷʩʴ ʠʩʪʦʯʥʠʢʦʤ 

ʨʘʩʪʚʦʨʠʤʳʭ ʜʠʝʪʠʯʝʩʢʠʭ ʚʦʣʦʢʦʥ, ɸɻ ʫʣʫʯʰʘʝʪ ʧʠʪʘʥʠʝ, ʚʩʘʩʳʚʘʥʠʝ ʠ 

ʩʦʭʨʘʥʝʥʠʝ ʚ ʟʜʦʨʦʚʦʤ ʩʦʩʪʦʷʥʠʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ ʠ ʤʦʞʝʪ 
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ʨʝʢʦʤʝʥʜʦʚʘʪʴʩʷ ʢʘʢ ʥʫʪʨʠʮʝʚʪʠʢ ʠʣʠ ʬʫʥʢʮʠʦʥʘʣʴʥʘʷ ʜʦʙʘʚʢʘ ʢ ʧʠʱʝ ʚ 

ʝʞʝʜʥʝʚʥʦʡ ʜʠʝʪʝ. ʉ ʢʣʠʥʠʯʝʩʢʦʡ ʪʦʯʢʠ ʟʨʝʥʠʷ ʵʪʦ ʦʯʝʥʴ ʧʨʠʚʣʝʢʘʪʝʣʴʥʳʡ 

ʧʨʦʜʫʢʪ; ʨʝʛʫʣʷʨʥʳʡ ʧʨʠʝʤ ʝʛʦ ʤʦʞʝʪ ʧʦʜʜʝʨʞʠʚʘʪʴ ʥʦʨʤʘʣʴʥʳʡ ʠʤʤʫʥʠʪʝʪ ʥʝ 

ʪʦʣʴʢʦ ʯʝʨʝʟ ʧʨʷʤʦʝ ʚʦʟʜʝʡʩʪʚʠʝ, ʥʦ ʠ ʯʝʨʝʟ ʵʬʬʝʢʪʳ ʥʘ ʙʘʢʪʝʨʠʠ ʢʠʰʝʯʥʠʢʘ, 

ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʧʦʤʦʛʘʶʪ ʩʣʦʞʥʦʡ ʠʤʤʫʥʥʦʡ ʩʠʩʪʝʤʝ ʯʝʣʦʚʝʢʘ 

ʬʫʥʢʮʠʦʥʠʨʦʚʘʪʴ ʙʦʣʝʝ ʥʘʜʝʞʥʦ. ʇʨʠʤʝʥʝʥʠʝ ʵʪʦʡ ʙʠʦʣʦʛʠʯʝʩʢʠ ʘʢʪʠʚʥʦʡ 

ʜʦʙʘʚʢʠ ʢ ʧʠʱʝ ʦʬʠʮʠʘʣʴʥʦ ʦʜʦʙʨʝʥʦ FDA ʉʐɸ (Robinson R. R. et al., 2001). 

ɸʨʘʙʠʥʦʛʘʣʘʢʪʘʥ ʭʦʨʦʰʦ ʩʤʝʰʠʚʘʝʪʩʷ ʩʦ ʚʩʝʤʠ ʚʠʜʘʤʠ ʧʠʱʠ ʠ ʥʘʧʠʪʢʘʤʠ, ʥʝ 

ʚʣʠʷʷ ʥʘ ʚʢʫʩʦʚʳʝ ʢʘʯʝʩʪʚʘ ʧʨʦʜʫʢʪʦʚ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). 

ɿʘʧʘʪʝʥʪʦʚʘʥʘ ʢʦʤʧʦʟʠʮʠʷ ɸɻ ʩ ʤʦʣʦʯʥʳʤ ʠʣʠ ʩʦʝʚʳʤ ʙʝʣʢʦʤ, ʘ ʪʘʢʞʝ ʠʭ 

ʩʤʝʩʴʶ (Mehansho H. et al., 2002). ɹʣʘʛʦʜʘʨʷ ʭʦʨʦʰʝʡ ʜʠʩʧʝʨʛʠʨʫʶʱʝʡ 

ʩʧʦʩʦʙʥʦʩʪʠ ɸɻ (Duco T. et al., 2000) ʦʥ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʜʣʷ ʧʨʠʛʦʪʦʚʣʝʥʠʷ 

ʧʠʱʝʚʳʭ ʧʨʦʜʫʢʪʦʚ (ʡʦʛʫʨʪ, ʩʦʢʠ, ʥʘʧʠʪʢʠ, ʩʫʭʦʝ ʤʦʣʦʢʦ, ʢʦʥʜʠʪʝʨʩʢʠʝ ʠʟʜʝʣʠʷ), 

ʦʙʦʛʘʱʝʥʥʳʭ ʤʠʥʝʨʘʣʴʥʳʤʠ ʜʦʙʘʚʢʘʤʠ (ʡʦʜʠʜ ʢʘʣʠʷ, ʬʦʩʬʘʪ ʠʣʠ ʢʘʨʙʦʥʘʪ 

ʢʘʣʴʮʠʷ, ʩʦʝʜʠʥʝʥʠʷ ʞʝʣʝʟʘ, ʮʠʥʢʘ, ʩʝʣʝʥʘ) (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003) ʠ 

ʚʠʪʘʤʠʥʘʤʠ (ɸ, ʉ, D, ɽ, ʢʦʤʧʣʝʢʩ ʚʠʪʘʤʠʥʦʚ ɺ) (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). ʕʪʠ 

ʧʨʦʜʫʢʪʳ ʷʚʣʷʶʪʩʷ ʠʩʪʦʯʥʠʢʦʤ ʨʘʩʪʚʦʨʠʤʳʭ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ, ʘ ʪʘʢʞʝ 

ʙʠʦʜʦʩʪʫʧʥʳʭ ʚʠʪʘʤʠʥʦʚ ʠ ʤʠʢʨʦʵʣʝʤʝʥʪʦʚ, ʩ ʩʦʭʨʘʥʝʥʠʝʤ ʚʢʫʩʦʚʳʭ ʢʘʯʝʩʪʚ. 

ʂʦʤʧʘʥʠʝʡ çɺʠʤʤ-ɹʠʣʣʴ ɼʘʥʥè ʩʦʚʤʝʩʪʥʦ ʩ ʀʥʩʪʠʪʫʪʦʤ ʧʠʪʘʥʠʷ ʈɸʄʅ 

ʨʘʟʨʘʙʦʪʘʥʘ ʩʝʨʠʷ ʧʨʦʜʫʢʪʦʚ, ʩʦʜʝʨʞʘʱʠʭ ʬʠʙʨʦʛʘʤ, ʢʦʪʦʨʳʝ ʚʳʧʫʩʢʘʶʪʩʷ ʧʦʜ 

ʤʘʨʢʦʡ çɹʠʦ-ʄʘʢʩè (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 2003). ɺ ʥʘʰʝʡ ʩʪʨʘʥʝ ʧʝʨʚʳʤ 

ʧʨʝʙʠʦʪʠʯʝʩʢʠʤ ʧʨʦʜʫʢʪʦʤ ʩʪʘʣʦ ʤʦʣʦʢʦ çɹʠʦ-ʄʘʢʩè, ʦʙʦʛʘʱʝʥʥʦʝ 

ʙʠʦʘʢʪʠʚʥʳʤʠ ʚʦʣʦʢʥʘʤʠ. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʤʫʢʠ ʚʳʩʰʝʛʦ ʩʦʨʪʘ ʚ ʨʘʮʠʦʥʝ 

ʧʠʪʘʥʠʷ ʚʦʟʥʠʢʘʝʪ ʜʝʬʠʮʠʪ ʧʠʱʝʚʳʭ ʚʦʣʦʢʦʥ, ʥʝʦʙʭʦʜʠʤʳʭ ʦʨʛʘʥʠʟʤʫ ʯʝʣʦʚʝʢʘ. 

ʀʩʪʦʯʥʠʢʦʤ ʪʘʢʠʭ ʚʦʣʦʢʦʥ ʤʦʞʝʪ ʙʳʪʴ ʘʨʘʙʠʥʦʛʘʣʘʢʪʘʥ (ʄʝʜʚʝʜʝʚʘ ɽ. ʅ. ʠ ʜʨ., 

2003). ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ɸɻ ʢ ʤʫʢʝ ʦʥ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʝʪ ʥʘ ʢʘʯʝʩʪʚʦ ʢʣʝʡʢʦʚʠʥʳ 

ʧʨʠ ʥʝʟʥʘʯʠʪʝʣʴʥʦʤ ʩʥʠʞʝʥʠʠ ʝʝ ʢʦʣʠʯʝʩʪʚʘ, ʩʧʦʩʦʙʩʪʚʫʝʪ ʧʦʜʥʷʪʠʶ ʚʳʧʝʯʢʠ, ʠ, 

ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ ʭʣʝʙʦʧʝʯʝʥʠʠ. ɼʣʷ ʵʪʦʡ ʦʙʣʘʩʪʠ 

ʧʨʠʤʝʥʝʥʠʷ ʦʯʝʥʴ ʮʝʥʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ɸɻ ʷʚʣʷʶʪʩʷ ʨʘʩʪʚʦʨʠʤʦʩʪʴ ʚ ʭʦʣʦʜʥʦʡ 

ʚʦʜʝ ʠ ʥʠʟʢʘʷ ʚʷʟʢʦʩʪʴ ʝʛʦ ʢʦʥʮʝʥʪʨʠʨʦʚʘʥʥʳʭ ʨʘʩʪʚʦʨʦʚ. ʉʧʦʩʦʙʥʦʩʪʴ ɸɻ 
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ʩʚʷʟʳʚʘʪʴ ʞʠʨ ʠ ʫʜʝʨʞʠʚʘʪʴ ʚʣʘʛʫ ʥʘʨʷʜʫ ʩ ʜʨʫʛʠʤʠ ʧʦʣʝʟʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ 

ʨʘʩʰʠʨʷʝʪ ʧʝʨʩʧʝʢʪʠʚʫ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʝʛʦ ʚ ʜʠʝʪʠʯʝʩʢʦʤ ʧʠʪʘʥʠʠ (ʄʝʜʚʝʜʝʚʘ ɽ. 

ʅ. ʠ ʜʨ., 2003). ɺ ʦʧʳʪʘʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʙʳʣʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ 

ʨʞʘʥʦ-ʧʰʝʥʠʯʥʳʡ ʭʣʝʙ ʠ ʦʚʩʷʥʳʝ ʧʨʷʥʠʢʠ, ʩʦʜʝʨʞʘʱʠʝ ɸɻ, ʩʧʦʩʦʙʩʪʚʫʶʪ 

ʦʛʨʘʥʠʯʝʥʠʶ ʧʨʠʨʦʩʪʘ ʤʘʩʩʳ ʞʠʚʦʪʥʳʭ, ʩʥʠʞʘʶʪ ʫʨʦʚʝʥʴ ʭʦʣʝʩʪʝʨʠʥʘ ʠ 

ʣʠʧʦʧʨʦʪʝʠʜʦʚ ʥʠʟʢʦʡ ʧʣʦʪʥʦʩʪʠ ʚ ʢʨʦʚʠ. ʍʣʝʙ, ʩʦʜʝʨʞʘʱʠʡ 2% ɸɻ, 

ʩʧʦʩʦʙʩʪʚʫʝʪ ʫʤʝʥʴʰʝʥʠʶ ʩʦʜʝʨʞʘʥʠʷ ʩʘʭʘʨʘ ʚ ʢʨʦʚʠ ʠʥʪʘʢʪʥʳʭ ʞʠʚʦʪʥʳʭ. ʅʘ 

ʤʦʜʝʣʠ ʩʘʭʘʨʥʦʛʦ ʜʠʘʙʝʪʘ ʫʩʪʘʥʦʚʣʝʥʦ ʩʥʠʞʝʥʠʝ ʩʦʜʝʨʞʘʥʠʝ ʛʣʶʢʦʟʳ ʚ ʢʨʦʚʠ ʫ 

ʞʠʚʦʪʥʳʭ, ʧʦʣʫʯʘʚʰʠʭ ʧʨʷʥʠʢʠ ʩ 5% ɸɻ ʠ ʭʣʝʙ ʩ 2% ɸɻ. ʂʨʦʤʝ ʵʪʦʛʦ, ʵʪʠ 

ʧʨʦʜʫʢʪʳ ʧʨʦʷʚʠʣʠ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʤʤʫʥʦʤʦʜʫʣʠʨʫʶʱʫʶ ʘʢʪʠʚʥʦʩʪʴ ʥʘ ʬʦʥʝ 

ʠʤʤʫʥʦʜʝʧʨʝʩʩʠʠ, ʚʳʟʚʘʥʥʦʡ ʘʟʘʪʠʦʧʨʠʥʦʤ (ɹʘʙʢʠʥ ɺ. ɸ. ʠ ʜʨ., 2012).   

ɸʨʘʙʠʥʦʛʘʣʘʢʪʘʥ ʩʧʦʩʦʙʝʥ ʦʙʨʘʟʦʚʳʚʘʪʴ ʜʦʩʪʘʪʦʯʥʦ ʧʨʦʯʥʳʝ ʩʚʷʟʠ ʩ 

ʤʫʮʠʥʦʤ, ʯʪʦ ʙʳʣʦ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʥʦ ʚ ʵʢʩʧʝʨʠʤʝʥʪʝ in vitro ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ 

ʤʫʮʠʥʘ ʠʟ ʞʝʣʫʜʢʘ ʩʚʠʥʴʠ. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʠʥʜʝʢʩʘ ʘʜʛʝʟʠʠ ʩ ʤʫʮʠʥʦʤ 

ʥʝʩʢʦʣʴʢʠʭ ʧʦʣʠʩʘʭʘʨʠʜʦʚ ï ʛʠʘʣʫʨʦʥʦʚʦʡ ʢʠʩʣʦʪʳ, ʧʦʣʠʩʘʭʘʨʠʜʘ ʠʟ ʩʝʤʷʥ 

ʪʘʤʘʨʠʥʜʘ ʠ ɸɻ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ɸɻ ʦʙʣʘʜʘʝʪ ʥʘʠʙʦʣʴʰʠʤ ʤʫʢʦʘʜʛʝʟʠʚʥʳʤ 

ʩʚʦʡʩʪʚʦʤ. ɿʘ ʩʯʝʪ ʵʪʦʛʦ ɸɻ ʟʥʘʯʠʪʝʣʴʥʦ ʤʝʜʣʝʥʥʝʡ ʩʤʳʚʘʝʪʩʷ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 

ʛʣʘʟʘ, ʯʪʦ ʥʘʨʷʜʫ ʩ ʥʠʟʢʦʡ ʚʷʟʢʦʩʪʴʶ ʨʘʩʪʚʦʨʦʚ ʤʦʞʝʪ ʫʩʧʝʰʥʦ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ 

ʣʝʯʝʥʠʷ ʩʠʥʜʨʦʤʘ ʩʫʭʦʛʦ ʛʣʘʟʘ, ʜʣʷ ʟʘʞʠʚʣʝʥʠʷ ʧʦʚʨʝʞʜʝʥʠʡ ʨʦʛʦʚʠʮʳ 

(Burgalassi S. et al., 2007), ʘ ʪʘʢʞʝ ʜʣʷ  ʪʨʘʥʩʦʨʙʠʪʘʣʴʥʦʡ ʜʦʩʪʘʚʢʠ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʩʨʝʜʩʪʚ.   
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1.9. ɻʣʠʮʠʨʨʠʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ 

 

 

ʈʠʩʫʥʦʢ 12 ï ʉʪʨʫʢʪʫʨʘ ʛʣʠʮʠʨʨʠʟʠʥʦʚʦʡ ʢʠʩʣʦʪʳ. 

 

ɻʣʠʮʠʨʨʠʟʠʥʦʚʘʷ ʢʠʩʣʦʪʘ (ɻʂ), ʭʦʪʷ ʠ ʥʝ ʷʚʣʷʝʪʩʷ ʧʦʣʠʩʘʭʘʨʠʜʦʤ, ʦʙʣʘʜʘʝʪ 

ʚʩʝʤʠ ʥʝʦʙʭʦʜʠʤʳʤʠ ʩʚʦʡʩʪʚʘʤʠ ʜʣʷ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʚ ʢʘʯʝʩʪʚʝ ʤʦʣʝʢʫʣʳ 

çʭʦʟʷʠʥʘè ʚ ʩʠʩʪʝʤʝ ʜʦʩʪʘʚʢʠ ʧʦ ʪʠʧʫ çʛʦʩʪʴ-ʭʦʟʷʠʥè. ɼʘʥʥʦʝ ʩʦʝʜʠʥʝʥʠʝ 

ʷʚʣʷʝʪʩʷ ʧʨʠʨʦʜʥʳʤ ʩʘʧʦʥʠʥʦʤ, ʚʳʜʝʣʷʝʤʳʤ ʠʟ ʢʦʨʥʷ ʩʦʣʦʜʢʠ Glycyrrhiza glabra 

L. ʠ Glycyrrhiza uralensis Fisch. ʇʨʠ ʬʝʨʤʝʥʪʘʪʠʚʥʦʤ ʛʠʜʨʦʣʠʟʝ ʚ ʢʠʰʝʯʥʠʢʝ ɻʂ 

ʧʝʨʝʭʦʜʠʪ ʚ ʛʣʠʮʠʨʨʝʪʦʚʫʶ ʢʠʩʣʦʪʫ, ʢʦʪʦʨʘʷ ʧʦʜʚʝʨʛʘʝʪʩʷ ʘʙʩʦʨʙʮʠʠ ʠ ʦʙʣʘʜʘʝʪ 

ʨʷʜʦʤ ʬʘʨʤʘʢʦʣʦʛʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ: ʧʨʦʪʠʚʦʚʠʨʫʩʥʳʤ, ʧʨʦʪʠʚʦʦʧʫʭʦʣʝʚʳʤ, 

ʛʝʧʘʪʦʧʨʦʪʝʢʪʦʨʥʳʤ, ʧʨʦʪʠʚʦʧʘʨʘʟʠʪʘʨʥʳʤ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʳʤ, 

ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ ʠ ʜʨ. ɻʂ ʧʨʠʤʝʥʷʪʩʷ ʚ ʢʦʥʜʠʪʝʨʩʢʠʭ ʠʟʜʝʣʠʷʭ, ʚ 

ʢʘʯʝʩʪʚʝ ʢʦʤʧʦʥʝʥʪʦʚ ʪʨʘʚʷʥʳʭ ʯʘʝʚ,  ʚʢʫʩʦʚʳʭ ʜʦʙʘʚʦʢ (ʊʦʣʩʪʠʢʦʚ ɻ. ɸ. ʠ ʜʨ., 

2007; Graebin C. S. et al., 2016). ɹʣʘʛʦʜʘʨʷ ʩʚʦʝʡ ʘʤʬʠʬʠʣʴʥʦʡ ʩʪʨʫʢʪʫʨʝ ɻʂ 

ʩʧʦʩʦʙʥʘ ʬʦʨʤʠʨʦʚʘʪʴ ʩʘʤʦʘʩʩʦʮʠʘʪʳ - ʤʠʮʝʣʣʳ ʚ ʚʦʜʥʦʤ ʨʘʩʪʚʦʨʝ (Dushkin A. 

V. et al., 2012).  

ɺʘʞʥʦʡ ʦʩʦʙʝʥʥʦʩʪʴʶ ʨʘʩʪʚʦʨʦʚ ɻʂ ʷʚʣʷʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʚʢʣʶʯʝʥʠʷ 

ʣʠʧʦʬʠʣʴʥʳʭ ʤʘʣʦʨʘʩʪʚʦʨʠʤʳʭ ʤʦʣʝʢʫʣ ʚ ʩʪʨʫʢʪʫʨʫ ʤʠʮʝʣʣ ʠʣʠ ʜʨʫʛʠʭ 

ʩʘʤʦʘʩʩʦʮʠʘʪʦʚ, ʪʝʤ ʩʘʤʳʤ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʚʳʰʘʷ ʦʙʱʫʶ ʢʦʥʮʝʥʪʨʘʮʠʶ ʠʭ 

ʤʦʣʝʢʫʣ ʚ ʩʚʦʙʦʜʥʦʤ ʠ ʩʚʷʟʘʥʥʦʤ ʚʠʜʝ ʚ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʘʭ. ʉʪʨʦʝʥʠʝ 


































































































































































































