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ɸʅʅʆʊɸʎʀʗ 
ɸʢʪʫʘʣʴʥʦʩʪʴ. ʄʝʪʦʧʨʦʣʦʣ ð ʩʝʣʝʢʪʠʚʥʳʡ ɓ1-ʘʜʨʝʥʦʙʣʦʢʘʪʦʨ, ʙʝʟ ʚʥʫʪʨʝʥʥʝʡ ʩʠʤʧʘʪʦʤʠʤʝʪʠ-

ʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʧʨʦʣʦʣʘ ʜʦʢʘʟʘʥʘ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ  

ʠʩʩʣʝʜʦʚʘʥʠʷʭ ʧʨʠ ʪʝʨʘʧʠʠ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʠ, ʩʪʝʥʦʢʘʨʜʠʠ ʥʘʧʨʷʞʝʥʠʷ, ʠʥʬʘʨʢʪʘ  

ʤʠʦʢʘʨʜʘ, ʭʨʦʥʠʯʝʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʠ. ɼʣʷ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦ-

ʩʪʠ ʧʨʦʚʦʜʠʤʦʡ ʪʝʨʘʧʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʪʝʨʘʧʝʚʪʠʯʝʩʢʠʡ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʤʦʥʠʪʦʨʠʥʛ 

ʤʝʪʦʧʨʦʣʦʣʘ, ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦʜʠʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʝʛʦ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ. 

ʎʝʣʴ. ʈʘʟʨʘʙʦʪʢʘ, ʚʘʣʠʜʘʮʠʷ ʠ ʘʧʨʦʙʘʮʠʷ ʤʝʪʦʜʠʢʠ ʦʧʨʝʜʝʣʝʥʠʷ ʤʝʪʦʧʨʦʣʦʣʘ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ 

ʣʶʜʝʡ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ (ɺʕɾʍ) ʩ ʪʘʥʜʝʤʥʳʤ 

ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ (ʄʉ/ʄʉ). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ. ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ɺʕɾʍ-ʄC/ʄʉ çUltimate 3000è TSQ Fortis 

(Thermo Fisher, ʉʐɸ). ɼʣʷ ʧʨʦʙʦʧʦʜʛʦʪʦʚʢʠ ʧʨʠʤʝʥʷʣʠ ʘʮʝʪʦʥʠʪʨʠʣ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ  

ʚ ʢʘʯʝʩʪʚʝ ʚʥʫʪʨʝʥʥʝʛʦ ʩʪʘʥʜʘʨʪʘ ʬʝʢʩʦʬʝʥʘʜʠʥʘ ʛʠʜʨʦʭʣʦʨʠʜ ʚ ʢʦʥʮʝʥʪʨʘʮʠʠ 10 ʥʛ/ʤʣ,  

ʢʦʪʦʨʳʡ ʜʦʙʘʚʣʷʣʠ ʢ ʦʙʨʘʟʮʘʤ ʧʣʘʟʤʳ ʚ ʩʦʦʪʥʦʰʝʥʠʠ 3:1. ʆʙʲʝʤ ʚʚʦʜʠʤʦʡ ʧʨʦʙʳ ʩʦʩʪʘʚʠʣ  

5 ʤʢʣ. ʈʘʟʜʝʣʝʥʠʝ ʚʳʧʦʣʥʷʣʠ ʥʘ ʢʦʣʦʥʢʝ UCT Selectra C18 4,6 mm Ĭ 100 mm, 3 um, 100A  

ʩ ʘʥʘʣʦʛʠʯʥʦʡ ʧʨʝʜʢʦʣʦʥʢʦʡ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 35Áʉ, ʚ ʛʨʘʜʠʝʥʪʥʦʤ ʨʝʞʠʤʝ ʵʣʶʠʨʦʚʘʥʠʷ ʚ 

ʩʦʦʪʥʦʰʝʥʠʠ 0,1% ʨʘʩʪʚʦʨʘ ʢʠʩʣʦʪʳ ʤʫʨʘʚʴʠʥʦʡ/ʘʮʝʪʦʥʠʪʨʠʣ: 0 ʤʠʥ ð 80%/20%, 0,1 ʤʠʥ ð 

45%/55%, 5 ʤʠʥ ð 10%/90%, 10 ʤʠʥ ð 80%/20%, ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʪʦʢʘ 300 ʤʢʣ/ʤʠʥ.  

ɼʝʪʝʢʪʠʨʦʚʘʥʠʝ ʧʨʦʚʦʜʠʣʠ ʚ ʧʦʣʦʞʠʪʝʣʴʥʦʤ ʨʝʞʠʤʝ ʠʦʥʠʟʘʮʠʠ ʵʣʝʢʪʨʦʩʧʨʝʝʤ, ʥʘʧʨʷʞʝʥʠʝ 

ʵʣʝʢʪʨʦʩʧʨʝʷ 4000 ɺ, ʦʙʦʣʦʯʝʯʥʳʡ ʛʘʟ 50 arb, ʚʩʧʦʤʦʛʘʪʝʣʴʥʳʡ ʛʘʟ 10 arb, ʧʨʦʜʫʚʦʯʥʳʡ ʛʘʟ  

1 arb, ʪʝʤʧʝʨʘʪʫʨʘ ʠʩʧʘʨʠʪʝʣʷ 350Áʉ, ʠʦʥ-ʪʨʘʥʩʧʦʨʪʠʨʫʶʱʝʡ ʪʨʫʙʢʠ ð 300Áʉ, ʩ ʠʩʧʦʣʴʟʦʚʘ-

ʥʠʝʤ ʨʝʞʠʤʘ ʤʦʥʠʪʦʨʠʥʛʘ ʤʥʦʞʝʩʪʚʝʥʥʳʭ ʨʝʘʢʮʠʡ (MRM) ʩʦ ʩʢʦʨʦʩʪʴʶ ʧʦʜʘʯʠ ʘʨʛʦʥʘ  

2 ʤʊʦʨʨ, 268 m/z Ÿ 115,5 m/z, Collision Energy 18 V, Tube lens 95 V, 268 m/z Ÿ 191 m/z,  

Collision Energy 17 V, Tube lens 95 V. ʄʘʪʨʠʮʝʡ ʩʣʫʞʠʣʘ ʧʣʘʟʤʘ ʢʨʦʚʠ ʟʜʦʨʦʚʳʭ ʜʦʙʨʦʚʦʣʴʮʝʚ. 

ʈʝʟʫʣʴʪʘʪʳ. ɸʥʘʣʠʪʠʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʤʝʪʦʜʠʢʠ ʥʘʭʦʜʠʣʩʷ ʚ ʜʠʘʧʘʟʦʥʝ 2ï1000 ʥʛ/ʤʣ.  

ɸʧʨʦʙʘʮʠʶ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʝʪʦʜʠʢʠ ʧʨʦʚʝʣʠ ʥʘ ʧʘʮʠʝʥʪʝ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠʧʝʨʪʝʥʟʠʝʡ.  

ɺ ʭʦʜʝ ʘʥʘʣʠʟʘ ʫ ʧʘʮʠʝʥʪʘ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʜʝʪʝʢʪʠʨʦʚʘʣʘʩʴ ʨʘʚʥʦʚʝʩʥʘʷ ʢʦʥʮʝʥʪʨʘʮʠʷ  

ʤʝʪʦʧʨʦʣʦʣʘ 12,0 ʥʛ/ʤʣ (ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʧʘʮʠʝʥʪ ʧʨʠʥʠʤʘʣ ʤʝʪʦʧʨʦʣʦʣʘ ʪʘʨʪʨʘʪ ʚ ʜʦʟʝ  

12,5 ʤʛ ʜʚʘ ʨʘʟʘ ʚ ʜʝʥʴ ʚ ʪʝʯʝʥʠʝ ʥʝʜʝʣʠ), ʘ ʯʝʨʝʟ 2 ʯ ʧʦʩʣʝ ʧʨʠʝʤʘ ʧʨʝʧʘʨʘʪʘ ð 31,0 ʥʛ/ʤʣ. 

ɿʘʢʣʶʯʝʥʠʝ. ʈʘʟʨʘʙʦʪʘʥ, ʚʘʣʠʜʠʨʦʚʘʥ ʠ ʘʧʨʦʙʠʨʦʚʘʥ ʤʝʪʦʜ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ  

ʤʝʪʦʧʨʦʣʦʣʘ ʩ ʧʦʤʦʱʴʶ ɺʕɾʍ-ʄʉ/ʄʉ ʚ ʧʣʘʟʤʝ ʢʨʦʚʠ ʣʶʜʝʡ. 
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ABSTRACT 
INTRODUCTION:  Metoprolol is a selective ɓ1-adrenoblocker without intrinsic sympathomimetic 

activity. The effectiveness of metoprolol has been proven in numerous clinical studies in the  

treatment of arterial hypertension, stable angina, myocardial infarction, chronic heart failure.  

To improve the efficiency and safety of the therapy, it is advisable to carry out therapeutic drug  

monitoring of metoprolol, which requires a sensitive method for its quantitative determination. 

AIM:  To develop, validate and test a method for the determination of metoprolol in human  

plasma using high performance liquid chromatography (HPLC) with tandem mass spectrometric  

detection (MS/MS). 

MATERIALS AND METHODS:  The work was performed on Ultimate 3000 TSQ Fortis  

HPLC-MS/MS (Thermo Fisher, USA). For sample preparation, acetonitrile was used with  

fexofenadine hydrochloride at a concentration of 10 ng/ml as an internal standard, which was added 

to plasma samples in 3:1 ratio. The volume of the injected sample was 5 ɛl. Separation was  

performed on UCT Selectra C18 4.6 mm Ĭ 100 mm, 3 um, 100 A column with a similar pre-column 

at 35ÁC, in gradient elution mode in proportion of 0.1% formic acid solution/acetonitrile: 0 min ð 

80%/20%, 0.1 min ð 45%/55%, 5 min ð 10%/90%, 10 min ð 80%/20%, at flow rate of  

300 Õl/min. Detection was performed in positive electrospray ionization mode, electrospray voltage 

4000 V, sheath gas 50 arb, auxiliary gas 10 arb, purge gas 1 arb, evaporator temperature 350ÁC,  

ion transport tube temperature 300ÁC, using the multiple reaction monitoring mode (MRM)  

at argon flow rate 2 mTorr, 268 m/z Ÿ 115.5 m/z, Collision Energy 18 V, Tube lens 95 V,  

268 m/z Ÿ 191 m/z, Collision Energy 17 V, Tube lens 95 V. The blood plasma of healthy volunteers 

served as matrix. 

RESULTS: The analytical range of the technique was 2ï1000 ng/ml. The developed technique  

was tested on a patient with arterial hypertension. During the analysis, an equilibrium concentration 

of metoprolol of 12.0 ng/ml was detected in the patient's blood plasma (previously, the patient  

took metoprolol tartrate at a dose of 12.5 mg twice a day for a week), and in 2 hours after taking  

the drug ð 31.0 ng/ml. 

CONCLUSION:  A method for the quantitative determination of metoprolol in human blood  

plasma using HPLC-MS/MS has been developed, validated and tested. 
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ɸʢʪʫʘʣʴʥʦʩʪʴ 

ʄʝʪʦʧʨʦʣʦʣ ð ʩʝʣʝʢʪʠʚʥʳʡ ɓ1-ʘʜʨʝ-

ʥʦʙʣʦʢʘʪʦʨ, ʙʝʟ ʚʥʫʪʨʝʥʥʝʡ ʩʠʤʧʘʪʦʤʠ-

ʤʝʪʠʯʝʩʢʦʡ ʘʢʪʠʚʥʦʩʪʠ. ɺ ʩʝʨʜʮʝ, ʙʣʦʢʠʨʫʷ 

ɓ1-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʳ, ʤʝʪʦʧʨʦʣʦʣ ʫʨʝʞʘʝʪ 

ʯʘʩʪʦʪʫ ʩʝʨʜʝʯʥʳʭ ʩʦʢʨʘʱʝʥʠʡ (ʏʉʉ), 

ʫʛʥʝʪʘʝʪ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʚʦʟʙʫʜʠʤʦʩʪʴ, 

ʩʥʠʞʘʝʪ ʩʦʢʨʘʪʠʤʦʩʪʴ ʤʠʦʢʘʨʜʘ [1]. 

ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʧʨʦʣʦʣʘ ʜʦʢʘ-

ʟʘʥʘ ʚ ʤʥʦʛʦʯʠʩʣʝʥʥʳʭ ʢʣʠʥʠʯʝʩʢʠʭ ʠʩ-

ʩʣʝʜʦʚʘʥʠʷʭ.  

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʤʝʪʦʧʨʦʣʦʣ ʩʥʠʞʘʝʪ 

ʨʠʩʢ ʨʘʟʚʠʪʠʷ ʩʝʨʜʝʯʥʦ-ʩʦʩʫʜʠʩʪʳʭ ʦʩ-

ʣʦʞʥʝʥʠʡ ʫ ʙʦʣʴʥʳʭ ʩ ʘʨʪʝʨʠʘʣʴʥʦʡ ʛʠ-

ʧʝʨʪʝʥʟʠʝʡ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʝʡʩʪʚʠʝ ʤʝʪʦ-

ʧʨʦʣʦʣʘ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʦʧʦʩʨʝʜʦʚʘʥʦ 

ʟʘ ʩʯʝʪ ʧʨʝʜʫʧʨʝʞʜʝʥʠʷ ʩʤʝʨʪʝʡ ʦʪ ʠʰʝ-

ʤʠʯʝʩʢʦʡ ʙʦʣʝʟʥʠ ʩʝʨʜʮʘ (ʀɹʉ) ʠ ʠʥʩʫʣʴ-

ʪʘ, ʢʨʦʤʝ ʵʪʦʛʦ ʦʥ ʩʧʦʩʦʙʝʥ ʩʥʠʞʘʪʴ ʯʘʩ-

ʪʦʪʫ ʚʥʝʟʘʧʥʦʡ ʩʤʝʨʪʠ [1, 2]. ɺʳʩʦʢʘʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʤʝʪʦʧʨʦʣʦʣʘ ʧʨʠ ʣʝʯʝʥʠʠ 

ʩʪʝʥʦʢʘʨʜʠʠ ʧʦʜʪʚʝʨʞʜʝʥʘ ʚ ʢʣʠʥʠʯʝʩʢʠʭ 

ʠʩʩʣʝʜʦʚʘʥʠʷʭ APSIS ʠ IMAGE [1, 3, 4].  

ʄʝʪʦʧʨʦʣʦʣ ʚʭʦʜʠʪ ʚ ʥʝʤʥʦʛʦʯʠʩ-

ʣʝʥʥʫʶ ʛʨʫʧʧʫ ɓ-ʘʜʨʝʥʦʙʣʦʢʘʪʦʨʦʚ. ɼʘʥʥʘʷ 

ʛʨʫʧʧʘ ʧʨʝʧʘʨʘʪʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʩʧʦʩʦʙ-

ʥʦʩʪʴʶ ʜʦʩʪʦʚʝʨʥʦ ʫʣʫʯʰʘʪʴ ʦʪʜʘʣʝʥʥʳʡ 

ʧʨʦʛʥʦʟ ʙʦʣʴʥʳʭ ʧʦʩʣʝ ʠʥʬʘʨʢʪʘ ʤʠʦʢʘʨʜʘ 

(ʀʄ). ɺ ʤʝʪʘ-ʘʥʘʣʠʟʝ, ʚʢʣʶʯʘʶʱʝʤ ʙʦʣʝʝ 

35000 ʧʘʮʠʝʥʪʦʚ, ʧʝʨʝʥʝʩʰʠʭ ʀʄ, ʧʨʠʤʝ-

ʥʝʥʠʝ ɓ-ʘʜʨʝʥʦʙʣʦʢʘʪʦʨʦʚ ʩʦʧʨʦʚʦʞʜʘʣʦʩʴ 

ʩʥʠʞʝʥʠʝʤ ʥʘ 20ï25% ʨʠʩʢʘ ʨʘʟʚʠʪʠʷ ʪʷ-

ʞʝʣʳʭ ʦʩʣʦʞʥʝʥʠʡ ð ʩʤʝʨʪʠ ʦʪ ʩʝʨʜʝʯʥʦ-

ʩʦʩʫʜʠʩʪʳʭ ʧʨʠʯʠʥ, ʚʥʝʟʘʧʥʦʡ ʩʤʝʨʪʠ ʠ 

ʧʦʚʪʦʨʥʦʛʦ ʀʄ [1, 5, 6]. 

ʄʝʪʦʧʨʦʣʦʣʘ ʩʫʢʮʠʥʘʪ ʚ ʣʝʢʘʨʩʪ-

ʚʝʥʥʦʡ ʬʦʨʤʝ CR/XL ʚ ʠʩʩʣʝʜʦʚʘʥʠʠ 

MERIT-HF ʚʳʟʳʚʘʣ ʜʦʩʪʦʚʝʨʥʦʝ ʩʥʠʞʝ-

ʥʠʝ ʩʤʝʨʪʥʦʩʪʠ ʫ ʧʘʮʠʝʥʪʦʚ ʩ ʭʨʦʥʠʯʝ-

ʩʢʦʡ ʩʝʨʜʝʯʥʦʡ ʥʝʜʦʩʪʘʪʦʯʥʦʩʪʴʶ [7]. 

ʄʝʪʦʧʨʦʣʦʣ ʷʚʣʷʝʪʩʷ ʣʠʧʦʬʠʣʴʥʳʤ 

ɓ-ʙʣʦʢʘʪʦʨʦʤ, ʢʦʪʦʨʳʡ ʤʝʪʘʙʦʣʠʟʠʨʫʝʪʩʷ 

ʠʟʦʬʝʨʤʝʥʪʦʤ ʮʠʪʦʭʨʦʤʘ ʈ450 CYP2D6 ʩ 

ʦʙʨʘʟʦʚʘʥʠʝʤ ʆ-ʜʝʤʝʪʠʣʤʝʪʦʧʨʦʣʦʣʘ ʠ  

Ŭ-ʛʠʜʨʦʢʩʠʣʤʝʪʦʧʨʦʣʦʣʘ, ʢʦʪʦʨʳʝ, ʚ ʩʚʦʶ 

ʦʯʝʨʝʜʴ, ʚʳʚʦʜʷʪʩʷ ʩ ʤʦʯʦʡ [8]. 

ʄʝʪʘʙʦʣʠʪ Ŭ-ʛʠʜʨʦʢʩʠʤʝʪʦʧʨʦʣʦʣ 

ʪʘʢʞʝ ʦʙʣʘʜʘʝʪ ʘʢʪʠʚʥʦʩʪʴʶ ʚ ʦʪʥʦʰʝʥʠʠ 

ʙʣʦʢʘʜʳ ɓ1-ʘʜʨʝʥʦʨʝʮʝʧʪʦʨʦʚ [9]. 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʬʘʨʤʘʢʦʢʠʥʝʪʠʢʘ ʤʝ-

ʪʦʧʨʦʣʦʣʘ ʤʦʞʝʪ ʚʘʨʴʠʨʦʚʘʪʴ ʚ ʟʘʚʠʩʠʤʦ-

ʩʪʠ ʦʪ ʨʷʜʘ ʬʘʢʪʦʨʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʦʪ ʩʦ-

ʩʪʦʷʥʠʷ ʧʝʯʝʥʠ ʠ ʞʝʣʫʜʦʯʥʦ-ʢʠʰʝʯʥʦʛʦ 

ʪʨʘʢʪʘ, ʚʦʟʨʘʩʪʘ [10], ʘʢʪʠʚʥʦʩʪʠ ʠʟʦʬʝʨ-

ʤʝʥʪʦʤ ʮʠʪʦʭʨʦʤʘ ʈ450 CYP2D6 [8] ʠ ʨʷ-

ʜʘ ʜʨʫʛʠʭ ʬʘʢʪʦʨʦʚ [11]. ɼʣʷ ʧʦʚʳʰʝʥʠʷ 

ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʠ ʙʝʟʦʧʘʩʥʦʩʪʠ ʧʨʦʚʦʜʠ-

ʤʦʡ ʪʝʨʘʧʠʠ ʮʝʣʝʩʦʦʙʨʘʟʥʦ ʧʨʦʚʦʜʠʪʴ ʪʝ-

ʨʘʧʝʚʪʠʯʝʩʢʠʡ ʣʝʢʘʨʩʪʚʝʥʥʳʡ ʤʦʥʠʪʦ-

ʨʠʥʛ ʤʝʪʦʧʨʦʣʦʣʘ [12], ʜʣʷ ʯʝʛʦ ʥʝʦʙʭʦ-

ʜʠʤʘ ʯʫʚʩʪʚʠʪʝʣʴʥʘʷ ʤʝʪʦʜʠʢʘ ʝʛʦ ʢʦʣʠ-

ʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ, ʯʪʦ ʠ ʧʦʩʣʫʞʠ-

ʣʦ ʮʝʣʴʶ ʥʘʩʪʦʷʱʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ. 

ʎʝʣʴ. ʈʘʟʨʘʙʦʪʘʪʴ ʠ ʚʘʣʠʜʠʨʦʚʘʪʴ 

ʤʝʪʦʜʠʢʫ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ 

ʤʝʪʦʧʨʦʣʦʣʘ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʵʬʬʝʢ-

ʪʠʚʥʦʡ ʞʠʜʢʦʩʪʥʦʡ ʭʨʦʤʘʪʦʛʨʘʬʠʠ 

(ɺʕɾʍ) ʩ ʪʘʥʜʝʤʥʳʤ ʤʘʩʩ-ʩʧʝʢʪʨʦʤʝʪʨʠ-

ʯʝʩʢʠʤ ʜʝʪʝʢʪʠʨʦʚʘʥʠʝʤ (ʄʉ/ʄʉ). 

ʄʘʪʝʨʠʘʣʳ ʠ ʤʝʪʦʜʳ 

ɺ ʠʩʩʣʝʜʦʚʘʥʠʠ ʠʩʧʦʣʴʟʦʚʘʣʠ ʩʫʙ-

ʩʪʘʥʮʠʶ ʤʝʪʦʧʨʦʣʦʣʘ ʪʘʨʪʨʘʪʘ (Sigma-

Aldrich, ʉʐɸ). ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʤʝ-

ʪʦʧʨʦʣʦʣʘ ʠ ʬʨʘʛʤʝʥʪʘʮʠʷ ʝʛʦ ʤʦʣʝʢʫʣʳ 

ʧʨʝʜʩʪʘʚʣʝʥʳ ʥʘ ʨʠʩʫʥʢʝ 1. 

 

 

 

ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘʷ ʬʦʨʤʫʣʘ ʤʝʪʦʧʨʦʣʦʣʘ ʠ ʦʩʥʦʚʥʦʡ ʧʨʦʜʫʢʪ ʝʛʦ ʬʨʘʛʤʝʥʪʘʮʠʠ. 

 

ʈʘʙʦʪʘ ʙʳʣʘ ʚʳʧʦʣʥʝʥʘ ʥʘ ɺʕɾʍ 

çUltimate 3000è ʠ ʄʉ/ʄʉ-ʜʝʪʝʢʪʦʨʝ TSQ 

Fortis (Thermo Fisher, ʉʐɸ). ʋʧʨʘʚʣʝʥʠʝ 

ʩʠʩʪʝʤʦʡ ʠ ʘʥʘʣʠʟ ʜʘʥʥʳʭ ʧʨʦʚʦʜʠʣʠ ʩ ʠʩ-

ʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ 

çThermo Scientific Xcaliburè (ver. 4.2.47). 


