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ɸʥʥʦʪʘʮʠʷ. ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʈʘʟʨʘʙʦʪʘʪʴ ʛʝʣʴ, ʩʦʜʝʨʞʘʱʠʡ ʭʠʪʦʟʘʥ ʠ ʪʘʫʨʠʥ, ʧʦʜʪʚʝʨʜʠʪʴ 

ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠʟʫʯʠʪʴ ʝʛʦ ʧʨʦʪʠʚʦʷʟʚʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ 

ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ. ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʀʩ-

ʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʝʣʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʭʠʪʦʟʘʥ ʠ ʪʘʫʨʠʥ, ʧʨʦʚʦ-

ʜʠʣʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ Vertex 70 (ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʌʫʨʴʝ-ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ 

Bruker Optik GmbH, ɻʝʨʤʘʥʠʷ), ʜʠʘʧʘʟʦʥ 4000-1000 ʩʤ
-1
, ʧʦʩʣʝʜʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʀʂ-ʩʧʝʢʪʨʦʚ ʦʩʫʝɦ-

ʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ OMNIC 7 ʠ Origin 8.1. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠʩʩʣʝʜʦʚʘ-

ʥʠʷ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʥʘʫʯʥʦ-ʪʝʭʥʠʯʝʩʢʦʡ ʙʘʟʳ ʎʂʇʅʆ ɺɻʋ. ʈʝʟʫʣʴʪʘʪʳ ʠ ʠʭ ʦʙʩʫʞʜʝʥʠʝ. 

ʈʘʟʨʘʙʦʪʘʥ ʛʝʣʴ ʜʣʷ ʧʨʠʝʤʘ ʚʥʫʪʨʴ ʩʣʝʜʫʶʱʝʛʦ ʩʦʩʪʘʚʘ: ʭʠʪʦʟʘʥ 1%, ʪʘʫʨʠʥ 4%, 0,25% ʫʢʩʫʩʥʦʡ ʢʠʩʣʦ-

ʪʳ; ʧʦʣʫʯʝʥʥʳʡ ʛʝʣʴ ʧʨʦʟʨʘʯʥʳʡ, ʛʦʤʦʛʝʥʥʳʡ ʙʝʟ ʪʚʝʨʜʳʭ ʠʥʦʨʦʜʥʳʭ ʚʢʣʶʯʝʥʠʡ, pH 4,77, ʩʪʘʙʠʣʴʥʳʡ 

ʧʨʠ ʭʨʘʥʝʥʠʠ ʚ ʧʨʦʟʨʘʯʥʦʡ ʩʪʝʢʣʷʥʥʦʡ ʪʘʨʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʚ ʪʝʯʝʥʠʝ 2 ʣʝʪ. ʂʦʤʧʦʥʝʥʪʳ 

ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʛʝʣʷ ʷʚʣʷʶʪʩʷ ʩʦʚʤʝʩʪʠʤʳʤʠ, ʪʘʢ ʢʘʢ ʧʦ ʜʘʥʥʳʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ ʭʘʨʘʢʪʝʨʠʩʪʠʯʝʩʢʠʝ 

ʧʦʣʦʩʳ ʧʦʛʣʦʱʝʥʠʷ, ʦʪʚʝʯʘʶʱʠʝ ʚʘʣʝʥʪʥʳʤ ʢʦʣʝʙʘʥʠʷʤ ʩʫʣʴʬʦʛʨʫʧʧʳ ʚ ʤʦʣʝʢʫʣʝ ʪʘʫʨʠʥʘ, ʘʤʠʥʦʛʨʫʧ-

ʧʳ ʚ ʤʦʣʝʢʫʣʝ ʭʠʪʦʟʘʥʘ ʧʨʠʩʫʪʩʪʚʫʶʪ ʚ ʠʭ ʩʤʝʩʠ, ʧʨʠ ʵʪʦʤ ʚ ʩʤʝʩʠ ʥʝ ʥʘʙʣʶʜʘʝʪʩʷ ʥʦʚʳʭ ʧʦʣʦʩ ʧʦʛʣʦ-

ʱʝʥʠʷ. ɺ ʜʦʢʣʠʥʠʯʝʩʢʦʤ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʟʫʯʝʥʘ ʧʨʦʪʠʚʦʷʟʚʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʦʪʘʥʥʦʛʦ ʛʝʣʷ ʥʘ ʣʘ-

ʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ ʥʘ ʤʦʜʝʣʠ ʅʇɺʉ-ʛʘʩʪʨʦʧʘʪʠʠ ʚ 3-ʭ ʜʦʟʘʭ (0,08, 0,16 ʠ 0,24 ʤʣ/100 ʛ ʤʘʩʩʳ ʪʝʣʘ). 

ɺʳʚʦʜʳ. ʇʦʜʪʚʝʨʞʜʝʥʘ ʩʦʚʤʝʩʪʠʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʘʙʘʪʚrʘʝʤʦʛʦ ʛʝʣʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ 

ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠ. ʂʦʤʙʠʥʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷ ʭʠʪʦʟʘʥ ʠ ʪʘʫʨʠʥ ʚ ʣʝʢʘʨʩʪʚʝʥʥʦʡ ʬʦʨʤʝ ʛʝʣʴ ʜʣʷ ʧʨʠʝʤʘ 

ʚʥʫʪʨʴ ʧʨʠ ʦʜʥʦʢʨʘʪʥʦʤ ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʤ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʥʘ ʤʦʜʝʣʠ ʅʇɺʉ-ʛʘʩʪʨʦʧʘʪʠʠ ʚ 

ʜʦʟʝ 0,24 ʤʣ/100ʛ ʧʨʦʷʚʣʷʝʪ ʜʦʩʪʘʪʦʯʥʫʶ ʧʨʦʪʠʚʦʷʟʚʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ (ʨʘʩʯʝʪʥʦʝ ʟʥʘʯʝʥʠʝ ʠʥʜʝʢʩʘ 

ʧʨʦʪʠʚʦʷʟʚʝʥʥʦʡ ʘʢʪʠʚʥʦʩʪʠ 2,2), ʯʪʦ ʧʨʝʚʳʰʘʝʪ ʵʬʬʝʢʪ ʧʨʝʧʘʨʘʪʘ ʩʨʘʚʥʝʥʠʷ ʘʣʴʛʝʣʴʜʨʘʪ+ʤʘʛʥʠʷ ʛʠʜ-

ʨʦʢʩʠʜ (ʧʨʝʧʘʨʘʪ ʤʘʘʣʦʢʩ). 

ʂʣʶʯʝʚʳʝ cʣʦʚʘ: ʭʠʪʦʟʘʥ, ʪʘʫʨʠʥ, ʛʝʣʴ ʜʣʷ ʧʨʠʝʤʘ ʚʥʫʪʨʴ, ʧʨʦʪʠʚʦʷʟʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ, ʧʨʦʪʠʚʦ-

ʟ̫ʚʝʥʥʘʷ ʘʢʪʠʚʥʦʩʪʴ, ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʷ, ʬʘʨʤʘʢʦʣʦʛʠʷ, ʜʦʢʣʠʥʠʯʝʩʢʠʝ ʠʩʩʣʝʜʦʚʘʥʠʷ. 
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Abstract. Purpose of the study. To develop a gel containing chitosan and taurine, confirm the compati-

bility of the components by IR spectroscopy, and study its antiulcer activity in preclinical studies on laboratory 

animals. Materials and methods. Studies of the compatibility of the components of the developed gel containing 

chitosan and taurine were carried out by IR spectroscopy on Vertex 70 equipment (IR spectrometer with a Fouri-

er transform Bruker Optik GmbH, Germany), range 4000-1000 cm-1, the subsequent processing of the IR spec-

tra was carried out at software help OMNIC 7 and Origin 8.1. Experimental studies were carried out using the 

scientific and technical base of the center for Shared Use of Scientific Equipment (CKPSO) VSU. Results and 

discussion. A gel for oral administration of the following composition has been developed: chitosan 1%, taurine 

4%,  acetic acid 0.25%; the obtained gel is transparent, homogeneous without solid foreign inclusions, pH 4.77, 

stable when stored in a transparent glass container at room temperature for 2 years. The components of the de-

veloped gel are compatible, since, according to IR spectroscopy data, characteristic absorption bands corre-

sponding to stretching vibrations of the sulfo group in the taurine molecule, amino groups in the chitosan mole-

cule are present in their mixture, while no new absorption bands are observed in the mixture. In a preclinical 

study, the antiulcer activity of the developed gel was studied in laboratory animals using a model of NSAID in-

duced gastropathy in 3 doses (0.08, 0.16 and 0.24 ml / 100 g of body weight). Conclusions. The compatibility of 

the components of the developed gel was confirmed using the method of IR spectroscopy. The combination con-
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taining chitosan and taurine in the dosage form is a gel for oral administration with a single prophylactic oral 

administration in the model of NSAID-gastropathy at a dose of 0.24 ml / 100 g shows sufficient antiulcer activi-

ty (the calculated value of the antiulcer activity index is 2.2), which exceeds the effect of the drug comparisons 

algeldrate + magnesium hydroxide (drug maalox). 

Key words: chitosan, taurine, oral gel, antiulcer agent, antiulcer activity, IR spectroscopy, pharmacology, 

preclinical studies. 

 

ɺʚʝʜʝʥʠʝ. ʃʝʯʝʥʠʝ ʢʠʩʣʦʪʦʟʘʚʠʩʠʤʳʭ ʟʘʙʦʣʝʚʘʥʠʡ ɾʂʊ, ʚʢʣʶʯʘʷ ʷʟʚʝʥʥʫʶ ʙʦʣʝʟʥʴ ʞʝʣʫʜʢʘ ʠ 

ʜʚʝʥʘʜʮʘʪʠʧʝʨʩʪʥʦʡ ʢʠʰʢʠ, ʜʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʪʘʝʪʩʷ ʘʢʪʫʘʣʥɹʦʡ ʧʨʦʙʣʝʤʦʡ ʛʘʩʪʨʦʵʥʪʝʨʦʣʦʛʠʠ ʠ 

ʬʘʨʤʘʢʦʪʝʨʘʧʠʠ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʰʠʨʦʢʦʡ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʦʩʪʴʶ ʟʘʙʦʣʝʚʘʥʠʷ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʨʝʜʠ 

ʧʨʝʧʘʨʘʪʦʚ ʜʘʥʥʦʡ ʬʘʨʤʘʢʦʪʝʨʘʧʝʚʪʠʯʝʩʢʦʡ ʢʘʪʝʛʦʨʠʠ ʩʫʱʝʩʪʚʫʝʪ ʙʦʣʴʰʦʝ ʨʘʟʥʦʦʙʨʘʟʠʝ ʣʝʢʘʨʩʪʚʝʥ-

ʥʳʭ ʬʦʨʤ, ʠʟ ʥʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʡ ʜʣʷ ʜʘʣʴʥʝʡʰʠʭ ʨʘʟʨʘʙʦʪʦʢ ʷʚʣʷʝʪʩʷ ʛʝʣʴ ʜʣʷ ʧʨʠʝʤʘ ʚʥʫʪʨʴ. ʃʝʢʘʨʩʪ-

ʚʝʥʥʘʷ ʬʦʨʤʘ ʛʝʣʴ ʠʤʝʝʪ ʨʷʜ ʧʨʝʠʤʫʱʝʩʪʚ ï ʫʜʦʙʩʪʚʦ ʠ ʧʨʦʩʪʦʪʘ ʧʨʠʤʝʥʝʥʠʷ, ʦʙʚʦʣʘʢʠʚʘʶʱʠʡ ʵʬʬʝʢʪ, 

ʦʙʝʩʧʝʯʝʥʠʝ ʟʘʱʠʪʳ ʦʪ ʤʠʢʨʦʙʥʦʡ ʢʦʥʪʘʤʠʥʘʮʠʠ, ʘ ʪʘʢʞʝ ʩʧʦʩʦʙʥʦʩʪʴ ʧʨʦʣʦʥʛʠʨʦʚʘʪʴ ʜʝʡʩʪʚʠʝ ʣʝʢʘʨ-

ʩʪʚʝʥʥʳʭ ʚʝʱʝʩʪʚ. ʂʨʦʤʝ ʪʦʛʦ, ʫʜʦʙʩʪʚʦ ʧʨʠʝʤʘ ʧʦʟʚʦʣʷʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴ ʣʝʢʘʨʩʪʚʝʥʥʳʝ ʧʨʝʧʘʨʘʪʳ ʚ 

ʬʦʨʤʝ ʛʝʣʷ ʜʣʷ ʧʨʠʝʤʘ ʚʥʫʪʨʴ ʫ ʦʩʦʙʳʭ ʢʘʪʝʛʦʨʠʡ ʧʘʮʠʝʥʪʦʚ ï ʚ ʜʝʪʩʢʦʡ ʧʨʘʢʪʠʢʝ, ʫ ʧʦʞʠʣʳʭ, ʘ ʪʘʢʞʝ 

ʜʣʷ ʧʘʮʠʝʥʪʦʚ ʩ ʥʘʨʫʰʝʥʠʷʤʠ ʛʣʦʪʘʥʠʷ [13].  

ɺ ʢʘʯʝʩʪʚʝ ʛʝʣʝʦʙʨʘʟʫʶʱʝʡ ʦʩʥʦʚʳ ʙʳʣ ʚʳʙʨʘʥ ʧʨʠʨʦʜʥʳʡ ʧʦʣʠʩʘʭʘʨʠʜ ʭʠʪʦʟʘʥ ï ʜʝʘʮʝʪʠʣʠʨʦ-

ʚʘʥʥʦʝ ʧʨʦʠʟʚʦʜʥʦʝ ʭʠʪʠʥʘ, ʧʨʝʜʩʪʘʚʣʷʶʱʝʝ ʩʦʙʦʡ ʧʦʣʠʤʝʨ, ʩʦʩʪʦʷʱʠʡ ʠʟ N-ʘʮʝʪʠʣ-2-ʘʤʠʥʦ-2-ʜʝʟʦʢʩʠ-

D-ʛʣʶʢʦʧʠʨʘʥʦʟʳ, ʩʚʷʟʘʥʥʦʡ 1-4-ʛʣʠʢʦʟʠʜʥʳʤʠ ʩʚʷʟʤ̫ʠ. ʀʟʚʝʩʪʥʦ, ʯʪʦ ʭʠʪʦʟʘʥ ʷʚʣʷʝʪʩʷ ʥʝʪʦʢʩʠʯʥʳʤ, 

ʙʠʦʩʦʚʤʝʩʪʠʤʳʤ ʤʘʪʝʨʠʘʣʦʤ, ʧʨʠ ʧʝʨʦʨʘʣʴʥʦʤ ʧʨʠʤʝʥʝʥʠʠ ʤʳʰʘʤ LD50 ʧʨʝʚʳʰʘʝʪ 16 ʛ/ʢʛ, ʪ.ʝ. ʥʝʪʦʢ-

ʩʠʯʥʦʝ ʚʝʱʝʩʪʚʦ [8]. ɺ ʧʨʝʜʳʜʫʱʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʨʦʩʩʠʡʩʢʠʭ ʠ ʟʘʨʫʙʝʞʥʳʭ ʫʯʝʥʳʭ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʭʠ-

ʪʦʟʘʥ ʦʙʣʘʜʘʝʪ ʤʥʦʛʦʯʠʩʣʝʥʥʳʤʠ ʙʠʦʣʦʛʠʯʝʩʢʠʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʪʘʢʠʤʠ ʢʘʢ ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʦʝ, ʨʘ-

ʥʦʟʘʞʠʚʣʷʶʱʝʝ, ʘʥʪʠʙʘʢʪʝʨʠʘʣʴʥʦʝ, ʠʤʤʫʥʦʩʪʠʤʫʣʠʨʫʶʱʝʝ, ʢʨʦʚʦʦʩʪʘʥʘʚʣʠʚʘʶʱʝʝ ʠ ʜʨ. [9, 6, 12], 

ʢʦʪʦʨʳʝ ʜʝʣʘʶʪ ʭʠʪʦʟʘʥ ʧʝʨʩʧʝʢʪʠʚʥʳʤ ʘʢʪʠʚʥʳʤ ʠʥʛʨʝʜʠʝʥʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʣʝʢʘʨʩʪʚʝʥʥʳʭ 

ʧʨʝʧʘʨʘʪʦʚ ʜʣʷ ʣʝʯʝʥʠʷ ʟʘʙʦʣʝʚʘʥʠʡ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ ʪʨʘʢʪʘ. ɺ ʝʜʠʥʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʠ 

ʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʜʦʢʘʟʘʥʦ, ʯʪʦ ʭʠʪʦʟʘʥ ʠ ʝʛʦ ʧʨʦʠʟʚʦʜʥʳʝ ʧʨʦʷʚʣʷʶʪ ʧʨʦʪʠʚʦʷʟʚʝʥʥʫʶ ʘʢ-

ʪʠʚʥʦʩʪʴ. ʊʘʢ, ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ ʘʚʪʦʨʦʚ Ito ʠ ʜʨ. (2000) [11] ʩʨʘʚʥʠʚʘʣʠ ʵʬʬʝʢʪʳ ʭʠʪʦʟʘʥʘ ʩ ʥʠʟʢʦʡ ʤʦʣʝ-

ʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (LMW), ʭʠʪʦʟʘʥʘ ʩ ʚʳʩʦʢʦʡ ʤʦʣʝʢʫʣʷʨʥʦʡ ʤʘʩʩʦʡ (HMW) ʠ ʭʠʪʠʥʘ ʥʘ ʚʳʟʚʘʥʥʦʝ ʵʪʘʥʦ-

ʣʦʤ ʧʦʚʨʝʞʜʝʥʠʝ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʠ ʟʘʞʠʚʣʝʥʠʝ ʷʟʚ ʞʝʣʫʜʢʘ ʫ ʢʨʳʩ. ɺ ʢʘʯʝʩʪʚʝ ʧʨʝʧʘʨʘʪʦʚ ʩʨʘʚʥʝ-

ʥʠʷ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʢʨʘʣʬʘʪ ʠ ʮʠʤʝʪʠʜʠʥ, ʩʦʝʜʠʥʝʥʠʷ ʩʫʩʧʝʥʜʠʨʦʚʘʣʠ ʚ 1% ʛʫʤʤʠʘʨʘʙʠʢʝ ʠ ʚʚʦʜʠʣʠ 

ʧʝʨʦʨʘʣʴʥʦ. ʉʫʢʨʘʣʬʘʪ ʚ ʧʝʨʦʨʘʣʴʥʳʭ ʜʦʟʘʭ 250 ʠ 500 ʤʛ/ʢʛ ʧʨʝʜʦʪʚʨʘʪʠʣ ʷʟʚʦʦʙʨʘʟʦʚʘʥʠʝ ʥʘ 93% ʠ 

99% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʮʠʤʝʪʠʜʠʥ ʚ  ʜʦʟʝ 100 ʤʛ/ʢʛ ʥʘ 61%.  LMW ʭʠʪʦʟʘʥ ʚ ʧʝʨʦʨʘʣʴʥʳʭ ʜʦʟʘʭ 250, 500 ʠ 

1000 ʤʛ/ʢʛ ʧʨʝʜʦʪʚʨʘʪʠʣ ʧʦʚʨʝʞʜʝʥʠʝ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʞʝʣʫʜʢʘ ʥʘ 87%, 95% ʠ 99% ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, 

ʘ  HMW ʭʠʪʦʟʘʥ ʚ ʧʝʨʦʨʘʣʴʥʳʭ ʜʦʟʘʭ 250 ʠ 500 ʤʛ/ʢʛ ʥʘ 64% ʠ 83 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɺ ʜʘʥʥʦʤ ʠʩʩʣʝ-

ʜʦʚʘʥʠʠ ʥʝ ʫʢʘʟʘʥʘ ʦʧʨʝʜʝʣʝʥʥʘʷ ʣʝʢʘʨʩʪʚʝʥʥʘʷ ʬʦʨʤʘ, ʠ ʧʨʠ ʵʪʦʤ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʠʝ 

ʭʠʪʦʟʘʥʘ, ʢʦʪʦʨʳʝ ʧʨʠ ʧʝʨʝʨʘʩʯʸʪʝ ʜʣʷ ʯʝʣʦʚʝʢʘ ʷʚʣʷʶʪʩʷ ʚʳʩʦʢʠʤʠ ʠ ʥʝ ʚʧʦʣʥʝ ʫʜʦʙʥʳ ʜʣʷ ʢʣʠʥʠʯʝ-

ʩʢʦʛʦ ʧʨʠʤʝʥʝʥʠʷ. 

ɺʪʦʨʳʤ ʢʦʤʧʦʥʝʥʪʦʤ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʛʝʣʷ ʙʳʣ ʚʳʙʨʘʥ ʪʘʫʨʠʥ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʘʤʠ-

ʥʦʩʫʣʴʬʦʥʦʚʫʶ ʢʠʩʣʦʪʫ, ʢʦʪʦʨʘʷ ʷʚʣʷʝʪʩʷ 2-ʘʤʠʥʦʧʨʦʠʟʚʦʜʥʳʤ ʵʪʘʥʩʫʣʴʬʦʥʦʚʦʡ ʢʠʩʣʦʪʳ. ʕʪʦ ʝʩʪʝʩʪ-

ʚʝʥʥʘʷ ʘʤʠʥʦʢʠʩʣʦʪʘ, ʦʙʨʘʟʫʶʱʘʷʩʷ ʚ ʨʝʟʫʣʴʪʘʪʝ ʤʝʪʘʙʦʣʠʟʤʘ ʤʝʪʠʦʥʠʥʘ ʠ ʮʠʩʪʝʠʥʘ. ʇʦ ʜʘʥʥʳʤ ʦʪ-

ʜʝʣɹʥʳʭ ʜʦʢʣʠʥʠʯʝʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʘʫʨʠʥ ʦʙʣʘʜʘʝʪ ʘʥʪʠʦʢʩʠʜʘʥʪʥʳʤ, ʧʨʦʪʠʚʦʚʦʩʧʘʣʠʪʝʣʴʥʳʤ, ʘʥ-

ʛʠʦʧʨʦʪʝʢʪʦʨʥʳʤ, ʤʝʤʙʨʘʥʦʩʪʘʙʠʣʠʟʠʨʫʶʱʠʤ, ʦʩʤʦʨʝʛʫʣʠʨʫʶʱʠʤ ʜʝʡʩʪʚʠʝʤ [3, 4, 10]. ɺ ʠʩʩʣʝʜʦʚʘ-

ʥʠʠ ʍʦʣʦʜʦʚʘ ɼ. ɹ. (2017) ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚ ʦʧʳʪʘʭ in vivo ʥʘ ʤʦʜʝʣʠ ʅʇɺʉ-ʛʘʩʪʨʦʧʘʪʠʠ ʧʝʨʦʨʘʣʴʥʦʝ 

ʧʨʦʬʠʣʘʢʪʠʯʝʩʢʦʝ ʚʚʝʜʝʥʠʝ ʢʨʳʩʘʤ ʧʨʦʢʘʠʥʘ ʠ ʪʘʫʨʠʥʘ ʚ ʜʦʟʘʭ 1,07 ʤʛ/ʢʛ ʠ 7,14 ʤʛ/ʢʛ ʩʥʠʞʘʝʪ ʢʦʣʠʯʝ-

ʩʪʚʦ ʵʨʦʟʠʚʥʦ-ʷʟʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʩʣʠʟʠʩʪʦʡ ʦʙʦʣʦʯʢʠ ʞʝʣʫʜʢʘ, ʚʳʟʚʘʥʥʳʭ ʢʝʪʦʨʦʣʘʢʘ ʪʨʦʤʝʪʘʤʠʥʦʤ (ʚ 

ʜʦʟʝ 0,94 ʤʛ/ʢʛ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʥʘ 87% ʠ 90%). [7]. ʇʨʠʚʝʜʝʥʥʳʝ ʜʘʥʥʳʝ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚ-

ʥʦʩʪʠ ʚʢʣʶʯʝʥʠʷ ʪʘʫʨʠʥʘ ʚ ʩʦʩʪʘʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʝʣʷ. 

ʎʝʣʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ï ʨʘʟʨʘʙʦʪʘʪʴ ʛʝʣʴ, ʩʦʜʝʨʞʘʱʠʡ ʭʠʪʦʟʘʥ ʠ ʪʘʫʨʠʥ, ʧʦʜʪʚʝʨʜʠʪʴ ʩʦʚʤʝʩʪʠ-

ʤʦʩʪʴ ʢʦʤʧʦʥʝʥʪʦʚ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠʠ, ʠʟʫʯʠʪʴ ʝʛʦ ʧʨʦʪʠʚʦʷʟʚʝʥʥʫʶ ʘʢʪʠʚʥʦʩʪʴ ʚ ʜʦʢʣʠʥʠʯʝ-

ʩʢʠʭ ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʥʘ ʣʘʙʦʨʘʪʦʨʥʳʭ ʞʠʚʦʪʥʳʭ. 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ ʠʩʩʣʝʜʦʚʘʥʠʷ. ʌʘʨʤʘʮʝʚʪʠʯʝʩʢʠʝ ʩʫʙʩʪʘʥʮʠʠ ʠ ʨʝʘʢʪʠʚʳ: 1 ï ʭʠʪʦʟʘʥ ʚʳ-

ʩʦʢʦʚʷʟʢʠʡ  (Sigma-Aldrich,  ʗʧʦʥʠʷ) ʠʟ ʧʘʥʮʠʨʝʡ  ʢʨʘʙʘ ʩ ʜʝʘʮʝʪʠʣʠʨʦʚʘʥʠʝʤ 80%, 2 ï ʬʘʨʤʘʮʝʚʪʠʯʝ-

ʩʢʠʝ ʩʫʙʩʪʘʥʮʠʠ ʭ/ʯ: ʪʘʫʨʠʥ, ʫʢʩʫʩʥʘʷ ʢʠʩʣʦʪʘ ʣʝʜʷʥʘʷ (ɿɸʆ çɺʝʢʪʦʥè, ʈʦʩʩʠʷ),  3 ï ʧʨʝʧʘʨʘʪ ʩʨʘʚʥʝʥʠʷ 

ʘʣʛʝʣʴʜʨʘʪ+ʤʘʛʥʠʷ ʛʠʜʨʦʢʩʠʜ (ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʧʨʝʧʘʨʘʪ ʄʘʘʣʦʢʩ, ʩʫʩʧʝʥʟʠʷ 250 ʤʣ ʚʦ ʬʣʘʢʦʥʝ, Sanofi-

Aventis France, ʌʨʘʥʮʠʷ).  

ʀʩʩʣʝʜʦʚʘʥʠʷ ʩʦʚʤʝʩʪʠʤʦʩʪʠ ʢʦʤʧʦʥʝʥʪʦʚ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʛʝʣʷ, ʩʦʜʝʨʞʘʱʝʛʦ ʭʠʪʦʟʘʥ ʠ ʪʘʫ-

ʨʠʥ, ʧʨʦʚʦʜʠʣʠ ʤʝʪʦʜʦʤ ʀʂ-ʩʧʝʢʪʨʦʩʢʦʧʠ ʥʘ ʦʙʦʨʫʜʦʚʘʥʠʠ Vertex 70 (ʀʂ-ʩʧʝʢʪʨʦʤʝʪʨ ʩ ʌʫʨʴʝ-

ʧʨʝʦʙʨʘʟʦʚʘʪʝʣʝʤ Bruker Optik GmbH, ɻʝʨʤʘʥʠʷ), ʜʠʘʧʘʟʦʥ 4000-1000 ʩʤ
-1
, ʧʦʩʣʝʜʫʶʱʫʶ ʦʙʨʘʙʦʪʢʫ ʧʦ-

ʣʫʯʝʥʥʳʭ ʀʂ-ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʚʝɦ ʝʩʪʚ ʧʦ ʦʪʜʝʣʴʥʦʩʪʠ ʠ ʚ ʩʤʝʩʠ ʦʩʫʱʝʩʪʚʣʷʣʠ ʧʨʠ ʧʦʤʦʱʠ ʧʨʦ-




