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ABSTRACT 

 

 

 

 

New microextraction techniques have been developed for sample preparation 

of azole drugs and penicillins in water, milk and biological samples prior to their 

liquid chromatographic determination. A microextraction method based on solid 

phase membrane tip extraction (SPMTE) incorporated with mesoporous silica, 

MCM-41, was developed for the determination of azole antifungal drugs, namely 

voriconazole (VRZ), ketoconazole (KTZ) and itraconazole (ITZ) in human plasma. 

Under the optimized conditions, the method demonstrated good linearity (r2 ≥ 

0.9958) over a concentration range of 60 - 8000 µg L-1 with low limits of detection in 

the range of 20 - 40 µg L-1. MCM-41-SPMTE required only minute amounts of 

adsorbent (3 mg) and desorption solvent (100 μL) and proved a successful extraction 

technique with high relative recoveries in the range of 82.5 - 111.0% for the analytes. 

MCM-41 was also employed as adsorbent in dispersive micro-solid phase extraction 

(D-µ-SPE) of six azole antifungal drugs including VRZ, KTZ, miconazole (MCZ), 

clotrimazole (CTZ), fluconazole (FLZ) and econazole (ECZ). The optimized D-μ-

SPE was successfully applied to the determination of azole drugs in urine and human 

plasma. The method showed good linearity (r2 ≥ 0.9900) over a concentration range 

of 0.1 - 10000 µg L-1, excellent limits of detection in the range of 0.001 -            

1.500 µg L-1 and good relative recoveries in the range of 80.9 - 116.8%. A D-µ-SPE 

method incorporating new mesoporous carbon COU-2 as adsorbent was developed 

for the determination of three penicillins in water and milk samples. Under the 

optimized conditions, COU-2-D-µ-SPE showed excellent limits of detection in the 

range of 0.06 - 3.3 µg L-1 for oxacillin, cloxacillin and dicloxacillin with good 

linearity (r2 ≥ 0.9992) in the concentration range of 0.1 - 5000 µg L-1 and good 

relative recoveries (80.3 - 113.6%). COU-2-D-µ-SPE is beneficial in terms of solvent 

saving, simplified analytical procedure and rapid extraction. The surface of COU-2 

was further modified by functionalization with vinyl group to improve the extraction 

of target azole antifungal drugs by increasing the hydrophobicity of the adsorbent. 

Vinyl-COU-2 was used as adsorbent in D-µ-SPE (Vinyl-COU-2-D-µ-SPE) for the 

determination of azole antifungal drugs in water and biological samples. Excellent 

limits of detection (0.4 - 1.6 µg L-1) were obtained for KTZ and ITZ, respectively, 

with good linearity (r2 ≥ 0.9959) in the concentration range of 1 - 400 µg L-1. The 

method provided high enrichment factors up to 92 with excellent relative recoveries 

in the range of 89.8 - 113.9% for both analytes. The developed microextraction 

techniques combined with liquid chromatography have proved to be simple, rapid 

and efficient with performances that are superior to those of conventional methods 

and suitable for the determination of azole drugs and penicillins in water, milk and 

biological samples.  
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ABSTRAK 

 

 

 

 

Teknik pengekstrakan mikro baharu telah dibangunkan untuk penyediaan 

sampel ubat azol dan penisilin di dalam sampel air, susu dan biologi sebelum 

penentuan kromatografi cecair. Kaedah pengekstrakan mikro berdasarkan 

pengekstrakan muncung membran fasa pepejal (SPMTE) bergabung dengan silika 

mesoliang, MCM-41, telah dibangunkan bagi penentuan ubat anti-kulat azol iaitu 

vorikonazol (VRZ), ketokonazol (KTZ) dan itrakonazol (ITZ) di dalam plasma 

manusia. Di bawah keadaan optimum, kaedah ini menunjukkan kelinearan yang baik 

(r2 ≥ 0.9958) bagi julat kepekatan 60 - 8000 µg L-1 dengan had pengesanan rendah 

dalam julat 20 - 40 µg L-1. MCM-41-SPMTE hanya memerlukan sedikit amaun 

penjerap (3 mg) dan pelarut penyaherapan (100 μL) dan telah dibuktikan sebagai 

teknik pengekstrakan berjaya dengan pengembalian relatif yang tinggi dalam julat 

82.5 - 111.0% bagi analit tersebut. MCM-41 juga telah digunakan sebagai penjerap 

dalam pengekstrakan mikro fasa pepejal serakan (D-µ-SPE) bagi enam ubat anti-

kulat azol termasuk VRZ, KTZ, mikonazol (MCZ), klotrimazol (CTZ), flukonazol 

(FLZ) dan ekonazol (ECZ). Keadaan optimum D-μ-SPE telah berjaya digunakan 

bagi penentuan ubat anti-kulat azol di dalam urin dan plasma manusia. Kaedah ini 

menunjukkan kelinearan yang baik (r2 ≥ 0.9900) bagi julat kepekatan 0.1 -        

10000 µg L-1, had pengesanan cemerlang dalam julat 0.001 - 1.500 µg L-1 dan 

pengembalian relatif yang baik diperoleh di dalam julat 80.3 - 116.8%. Kaedah D-µ-

SPE bergabung dengan karbon mesoliang baharu COU-2 sebagai penjerap telah 

dibangunkan bagi penentuan tiga penisilin di dalam sampel air dan susu. Di bawah 

keadaan optimum, COU-2-D-µ-SPE menunjukkan had pengesanan yang cemerlang 

dalam julat 0.06 - 3.3 µg L-1 bagi oksasilin, kloksasilin dan dikloksasilin dengan 

kelinearan yang baik (r2 ≥ 0.9992) dalam julat kepekatan 0.1 - 5000 µg L-1 dan 

pengembalian relatif yang baik (80.3 - 113.6%). COU-2-D-µ-SPE memberi 

kelebihan daripada segi penjimatan pelarut, prosedur analisis yang ringkas dan 

pengekstrakan pantas. Permukaan COU-2 telah diubahsuai dengan penambahan 

kumpulan berfungsi vinil untuk meningkatkan pengekstrakan ubat anti-kulat azol 

sasaran dengan meningkatkan sifat hidrofobik penjerap. Vinil-COU-2 digunakan 

sebagai penjerap dalam D-µ-SPE (Vinil-COU-2-D-µ-SPE) bagi penentuan ubat anti-

kulat azol di dalam sampel air dan biologi. Had pengesanan yang cemerlang (0.4 - 

1.6 µg L-1) telah diperoleh bagi KTZ dan ITZ dengan kelinearan yang baik (r2 ≥ 

0.9959) dalam julat kepekatan 1 - 400 µg L-1. Kaedah ini menghasilkan faktor 

pemerkayaan yang tinggi sehingga 92 dengan pengembalian relatif yang cemerlang 

dalam julat 89.8 - 113.9% bagi kedua-dua analit. Teknik pengekstrakan mikro yang 

dibangunkan bergabung dengan kromatografi cecair terbukti sebagai mudah, cepat 

dan cekap dengan prestasi yang lebih baik berbanding kaedah konvensional dan 

sesuai digunakan bagi penentuan ubat azol dan penisilin di dalam sampel air, susu 

dan biologi. 



vii 

TABLE OF CONTENTS 

 

 

 

 

CHAPTER TITLE PAGE 

 DECLARATION ii 

 DEDICATION iii 

 ACKNOWLEDGEMENTS iv 

 ABSTRACT v 

 ABSTRAK vi 

 TABLE OF CONTENTS vii 

 LIST OF TABLES xiii 

 LIST OF FIGURES xv 

 LIST OF ABBREVIATIONS xxiv 

 LIST OF SYMBOLS xxvii 

 LIST OF APPENDICES xxix 

   

1 INTRODUCTION 1 

 1.1 Research Background 1 

 1.2 Background of the Problem 2 

 1.3 Problem Statement 3 

 1.4 Research Objectives 4 

 1.5 Scopes of the Study 5 

 1.6 Significance of the Study 7 

      

2 LITERATURE REVIEW 8 

 2.1 Sample Preparation in the Analysis of 

Pharmaceuticals 

 

8 

 2.2 Extraction of Azole Antifungal Drugs 9 

 2.3 Extraction of Penicillin Antibiotics 19 



viii 

 2.4 Extraction Methods for Chemical Analysis 26  

  2.4.1 Liquid-liquid Extraction 26  

  2.4.2 Solid Phase Extraction  27  

  2.4.3 Microwave-assisted Extraction 29  

  2.4.4 Supercritical Fluid Extraction 29  

 2.5 Recent Developments of Microextraction Methods 30  

  2.5.1 Solid Phase Microextraction 30  

  2.5.2 Stir Bar Sorptive Extraction 32  

  2.5.3 Dispersive Solid Phase Extraction 33  

  2.5.4 Microextraction in Packed Syringe 34  

  2.5.5 Micro Solid Phase Extraction 36  

  2.5.6 Solid Phase Membrane Tip Extraction 37  

  2.5.7 Liquid Phase Microextraction 38  

   2.5.7.1 Basic Principles of Two-Phase 

LPME and Three-Phase LPME 

 

38 

 

   2.5.7.2 Single Drop Liquid Phase 

Microextraction 

 

40 

 

   2.5.7.3 Hollow Fiber Protected Liquid 

Phase Microextraction 

 

41 

 

   2.5.7.4 Dispersive Liquid-liquid 

Microextraction 

 

42 

 

  2.5.8 Cone-shaped Membrane Protected Liquid 

Phase Microextraction 

 

44 

 

 2.6 Potential Microextraction Methods of Azole 

Antifungals and Penicillins 

 

44 

 

 2.7 Mesoporous Materials 45  

  2.7.1 Synthesis and Physical Properties of 

Mesoporous Silica, MCM-41 

 

46 

 

  2.7.2 Synthesis and Physical Properties of 

Mesoporous Carbon, COU-2 

 

48 

 

  2.7.3 Application of Mesoporous Materials in 

Sample Preparation 

 

 

51 

 



ix 

3 MESOPOROUS SILICA, MCM-41 SOLID PHASE 

MEMBRANE TIP EXTRACTION OF AZOLE 

ANTIFUNGAL DRUGS FROM HUMAN PLASMA 

53  

 3.1 Introduction 53  

 3.2 Experimental 53  

  3.2.1 Chemicals and Reagents 53  

  3.2.2 Synthesis and Characterization of 

Mesoporous Silica, MCM-41 

 

54 

 

  3.2.3 Sample Collection and Pretreatment 55  

  3.2.4 Chromatographic Conditions 55  

  3.2.5 Preparation of MCM-41 Solid Phase 

Membrane Tip Extraction (MCM-41-

SPMTE) Tip 

 

 

56 

 

  3.2.6 Optimization of MCM-41-SPMTE 57  

  3.2.7 MCM-41-SPMTE Procedure 57  

  3.2.8 Validation of MCM-41-SPMTE 57  

 3.3 Results and Discussion 58  

  3.3.1 Physical Properties of MCM-41 58  

  3.3.2 HPLC Method Development 61  

  3.3.3 Optimization of MCM-41-SPMTE  62  

  3.3.4 Method Validation 69  

  3.3.5 Analysis of Human Plasma Sample 70  

  3.3.6 Comparison of MCM-41-SPMTE with Other 

Reported Methods 

 

71 

 

 3.4 Conclusions 72  

       

4 DISPERSIVE MICRO-SOLID PHASE EXTRACTION 

COMBINED WITH LIQUID CHROMATOGRAPHY-

TANDEM MASS SPECTROMETRY FOR THE 

DETERMINATION OF AZOLE ANTIFUNGAL  

DRUGS IN BIOLOGICAL SAMPLES 

73  

 4.1 Introduction 73  

 4.2 Experimental 73  



x 

  4.2.1 Chemicals and Reagents 73  

  4.2.2 Synthesis and Characterization of 

Mesoporous Silica MCM-41 

 

74 

 

  4.2.3 Samples Collection and Pretreatment 74  

  4.2.4 Chromatographic Conditions 75  

  4.2.5 Optimization of MCM-41 Dispersive Micro-

Solid Phase Extraction (MCM-41-D-µ-SPE) 

 

76 

 

  4.2.6 MCM-41-D-µ-SPE Procedure 76  

  4.2.7 Matrix Effects in LC-MS/MS 77  

  4.2.8 Validation of MCM-41-D-µ-SPE 78  

 4.3 Results and Discussion 78  

  4.3.1 Physical Properties of MCM-41 78  

  4.3.2 Optimization of MCM-41-D-µ-SPE 78  

  4.3.3 Method Validation 85  

   4.3.3.1 Matrix Effect  85  

   4.3.3.2 Linearity, Limit of Detection and 

Limit of Quantification  

 

86 

 

   4.3.3.3 Intra- and Inter-day Precisions 87  

  4.3.4 Analysis of Urine and Human Plasma 89  

  4.3.5 Comparison of MCM-41-D-µ-SPE with 

Other Reported Methods 

 

91 

 

 4.4 Conclusions 91  

       

5 RAPID MESOPOROUS CARBON COU-2  

DISPERSIVE MICRO-SOLID PHASE EXTRACTION 

FOR THE ANALYSIS OF PENICILLINS IN WATER 

AND MILK 

93  

 5.1 Introduction 93  

 5.2 Experimental 94  

  5.2.1 Chemicals and Reagents 94  

  5.2.2 Synthesis and Characterization of 

Mesoporous Carbon, COU-2 

 

94 

 

  5.2.3 Samples Collection and Pretreatment 96  



xi 

  5.2.4 Chromatographic Conditions 96  

  5.2.5 Optimization of COU-2 Dispersive Micro-

Solid Phase Extraction (COU-2-D-µ-SPE) 

 

97 

 

  5.2.6 COU-2-D-μ-SPE Procedure 98  

  5.2.7 Validation of COU-2-D-µ-SPE 98  

 5.3 Results and Discussion 99  

  5.3.1 Physical Properties of COU-2 99  

  5.3.2 Optimization of COU-2-D-µ-SPE Using 

Spiked Water 

 

102 

 

  5.3.3 Optimization of COU-2-D-µ-SPE Using 

Spiked Milk 

 

106 

 

  5.3.4 Method Validation 111  

   5.3.4.1 Linearity, Limit of Detection and 

Limit of Quantification 

 

112 

 

   5.3.4.2 Intra- and Inter-day Precisions 113  

  5.3.5 Application of COU-2-D-µ-SPE to the 

Analysis of Drinking Water and Milk 

Samples 

 

 

113 

 

  5.3.6 Comparison of COU-2-D-µ-SPE with Other 

Reported Methods 

 

115 

 

 5.4 Conclusions 116  

       

6 VINYL-FUNCTIONALIZED MESOPOROUS 

CARBON COU-2 DISPERSIVE MICRO-SOLID 

PHASE EXTRACTION HIGH PERFORMANCE 

LIQUID CHROMATOGRAPHY OF SELECTED 

AZOLE ANTIFUNGAL DRUGS 

117  

 6.1 Introduction 117  

 6.2 Experimental 118  

  6.2.1 Chemicals and Reagents 118  

  6.2.2 Synthesis and Characterization of COU-2 

and Vinyl-COU-2 

 

118 

 

  6.2.3  Samples Collection and Pretreatment 119  



xii 

  6.2.4 Chromatographic Conditions 120  

  6.2.5 Optimization of Vinyl-COU-2 Dispersive 

Micro-Solid Phase Extraction (Vinyl-COU-

2-D-μ-SPE) 

 

 

120 

 

  6.2.6 Vinyl-COU-2-D-μ-SPE Procedure 121  

  6.2.7 Validation of Vinyl-COU-2-D-µ-SPE 122  

 6.3 Results and Discussion 122  

  6.3.1 Physical Properties of Pure COU-2 and 

Vinyl-COU-2 

 

122 

 

  6.3.2 Optimization of Vinyl-COU-2-D-µ-SPE 125  

  6.3.3 Method Validation 131  

   6.3.3.1 Linearity, Limit of Detection, Limit 

of Quantification and Enrichment 

Factor 

 

 

132 

 

  6.3.4 Analysis of Tap Water, Urine and Human 

Plasma 

 

133 

 

  6.3.5 Comparison of Vinyl-COU-2-D-µ-SPE with 

Other Reported Methods 

 

135 

 

  6.3.6 Comparison with Commercial C18 Adsorbent 135  

 6.4 Conclusions 136  

       

7 CONCLUSIONS AND FUTURE DIRECTIONS 137  

 7.1 Conclusions 137  

 7.2 Future Directions 140  

       

REFERENCES 142  

Appendices A - C 168-170 



xiii 

LIST OF TABLES 

 

 

 

 

TABLE NO. TITLE PAGE 

   

2.1 Chemical structure, characteristics, clinical use and side 

effects of selected azole drugs. 

 

12 

2.2 Summary of some existing chromatographic 

methodologies for detection of azole antifungals. 

 

15 

2.3 List of selected penicillins for which maximum residue 

limits (MRLs) have been fixed for milk product.       

 

22 

2.4 Summary of some existing chromatographic 

methodologies for detection of studied penicillins. 

 

23 

2.5 Commercially available SPME fibers (Supelco 

Chromatography, 2013). 

 

32 

2.6 Comparison of nanocasting and direct synthesis method 

(Ma et al., 2013). 

 

49 

2.7 Summary of some application of mesoporous silica and 

carbon in sample preparation. 

 

51 

3.1 MCM-41-SPMTE validation data. 69 

3.2 Precisions and relative recoveries of MCM-41-SPMTE 

for selected azole drugs in spiked human plasma. 

 

70 

4.1 Precursor ion, product ion, fragmentor voltage and 

collision energy for selected azole antifungal drugs. 

 

76 

4.2 Validation data of MCM-41-D-µ-SPE for selected azole 

antifungal drugs in spiked urine and human plasma. 

 

87 

4.3 Precisions and relative recoveries of MCM-41-D-µ-SPE 

for selected azole antifungal drugs in spiked urine and 

human plasma. 

 

 

88 



xiv 

5.1 Analytical characteristics of COU-2-D-µ-SPE. 112 

5.2 Precisions and recoveries data for penicillins in water and 

milk samples. 

 

113 

6.1 Textural properties of mesoporous carbons. 123 

6.2 Vinyl-COU-2-D-µ-SPE validation data. 132 

6.3 Relative recoveries and precisions of vinyl-COU-2-D-µ-

SPE for selected azole antifungal drugs in spiked samples. 

 

133 



xv 

LIST OF FIGURES 

 

 

 

 

FIGURE NO. TITLE PAGE 

   

2.1 Schematic of liquid-liquid extraction (LLE). 27 

2.2 Schematic of solid phase extraction (SPE). 28 

2.3 Schematic of solid phase microextraction (SPME). 31 

2.4 Schematic of stir bar sorptive extraction (SBSE). 33 

2.5 Schematic of dispersive solid phase extraction (DSPE). 34 

2.6 Schematic of microextraction in packed syringe (MEPS) 

(the process can be fully automated).  

 

35 

2.7 Schematic of micro solid phase extraction (µ-SPE). 36 

2.8 Schematic of solid phase membrane tip extraction 

(SPMTE). 

 

37 

2.9 Two-phase and three phase sampling modes in hollow 

fiber liquid phase microextraction. 

 

40 

2.10 Schematic of single drop liquid phase microextraction 

(SDME). 

 

41 

2.11 Schematic of two-phase hollow fiber liquid phase 

microextraction (HF-LPME). 

 

42 

2.12 Schematic of dispersive liquid-liquid microextraction 

(DLLME). 

 

43 

2.13 Schematic of cone-shaped membrane protected liquid 

phase microextraction (CSM-LPME). 

 

44 

2.14 Formation pathways of MCM-41 (Beck et al., 1992). 47 

2.15 Typical methods for preparation of ordered mesoporous 

carbon materials: (a) nanocasting strategy from 

mesoporous silica hard templates and (b) direct synthesis 

 



xvi 

 from block copolymer soft templates (Ma et al., 2013). 49 

3.1 Schematic of MCM-41-SPMTE. 56 

3.2 Infrared spectrum of MCM-41. 59 

3.3 XRD diffractogram of MCM-41. 59 

3.4 Nitrogen adsorption isotherm of MCM-41. 60 

3.5 Pore size distribution of MCM-41. 60 

3.6 FESEM micrograph of MCM-41 61 

3.7 Effect of conditioning solvent on MCM-41-SPMTE of 

selected azole drugs from spiked distilled water. Legends: 

VRZ = voriconazole, KTZ = ketoconazole, ITZ = 

itraconazole. MCM-41-SPMTE conditions: 1 µg mL-1 of 

spiked solution; amount of MCM-41: 3 mg; extraction 

time: 15 min; sample volume: 15 mL; desorption solvent: 

100 µL methanol; desorption time: 15 min (Peak areas 

calculated based on average values of peak area of target 

analytes, n = 3. Error bars represents standard deviation of 

results n = 3). HPLC-UV conditions: Zorbax SB-C18 

column (100 mm × 4.6 mm I.D. × 5.0 µm particle size), 

isocratic mobile phase of 10 mM phosphate buffer (pH 

6.0)-acetonitrile (35:65) (v/v), flow rate at 1.0 mL min-1, 

injection volume of 20 µL and detection wavelength at 

254 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

63 

3.8 Effect of extraction time on MCM-41-SPMTE of selected 

azole drugs from spiked distilled water. Legends, MCM-

41-SPMTE and HPLC-UV conditions are as in Figure 3.7 

with acetone as conditioning solvent. 

 

 

 

64 

3.9 Effect of sample pH on MCM-41-SPMTE of selected 

azole drugs from spiked distilled water. Legends, MCM-

41-SPMTE and HPLC-UV conditions are as in Figure 3.7 

with acetone as conditioning solvent. 

 

 

 

65 

3.10 Effect of salt addition on MCM-41-SPMTE of selected 

azole drugs from spiked distilled water. Legends, MCM-

41-SPMTE and HPLC-UV conditions are as in Figure 3.7 

 

 

 



xvii 

with acetone as conditioning solvent. 66 

3.11 Effect of sample volume on MCM-41-SPMTE of selected 

azole drugs from spiked distilled water. Legends, MCM-

41-SPMTE and HPLC-UV conditions are as in Figure 3.7 

with acetone as conditioning solvent. 

 

 

 

67 

3.12 Effect of desorption solvent on MCM-41-SPMTE of 

selected azole drugs from spiked distilled water. Legends, 

MCM-41-SPMTE and HPLC-UV conditions are as in 

Figure 3.7 with acetone as conditioning solvent. 

 

 

 

68 

3.13 Effect of desorption time on MCM-41-SPMTE of selected 

azole drugs from spiked distilled water. Legends, MCM-

41-SPMTE and HPLC-UV conditions are as in Figure 3.7 

with acetone as conditioning solvent. 

 

 

 

68 

3.14 HPLC-UV analysis of three azole drugs spiked at 100 and 

2000 µg L-1 of human plasma. MCM-41-SPMTE 

conditions: conditioning solvent: acetone; extraction time: 

15 min; sample pH 8; salt addition: 10% (w/v); sample 

volume 15 mL; desorption solvent 100 µL methanol; 

desorption time 15 min. HPLC-UV conditions are as 

Figure 3.5. *Analytes: VRZ = voriconazole, KTZ = 

ketoconazole, ITZ = itraconazole. 

 

 

 

 

 

 

 

71 

4.1 Schematic of MCM-41-D-µ-SPE. 77 

4.2 Effect of mass of MCM-41 on MCM-41-D-μ-SPE of 

selected azole antifungal drugs from spiked distilled 

water. Legends: KTZ = ketoconazole, MCZ = 

miconazole, ECZ = econazole, VRZ = voriconazole, CTZ 

= clotrimazole, FLZ = fluconazole. MCM-41-D-µ-SPE 

conditions: 100 µg L-1 of spiked solution; desorption 

solvent: 200 µL of methanol; extraction time: 1 min; 

desorption time: 5 min; sample volume: 15 mL. (Peak 

areas calculated based on average values of peak area of 

target analytes, n = 3. Error bars represents standard 

deviation of results n = 3). LC-MS/MS conditions: Zorbax 

 

 

 

 

 

 

 

 

 

 

 



xviii 

SB-C18 column (100 mm × 2.1 mm I.D. × 3.5 µm particle 

size), isocratic mobile phase of 5 mM ammonium acetate 

buffer with 0.05% (v/v) formic acid-acetonitrile (30:70) 

(v/v); flow rate at 0.2 mL min-1; injection volume of 2 µL; 

collision gas using N2 with flow rate of 6 L min-1 and 

temperature of 300 °C, nebulizer pressure at 15 psi (N2) 

and capillary potential of 4000 V.  

 

 

 

 

 

 

79 

4.3 Effect of desorption solvent on MCM-41-D-μ-SPE of 

selected azole antifungal drugs from spiked distilled 

water. Legends, MCM-41-D-μ-SPE and LC-MS/MS 

conditions are as in Figure 4.2 with 20 mg of MCM-41 as 

adsorbent. 

 

 

 

 

80 

4.4 Effect of extraction time on MCM-41-D-μ-SPE of 

selected azole antifungal drugs from spiked distilled 

water. Legends, MCM-41-D-μ-SPE and LC-MS/MS 

conditions are as in Figure 4.2 with 20 mg of MCM-41 as 

adsorbent. 

 

 

 

 

81 

4.5 Effect of salt addition on MCM-41-D-μ-SPE of selected 

azole antifungal drugs from spiked distilled water. 

Legends, MCM-41-D-μ-SPE and LC-MS/MS conditions 

are as in Figure 4.2 with 20 mg of MCM-41 as adsorbent 

and 1.5 min extraction time. 

 

 

 

 

82 

4.6 Effect of sample pH on MCM-41-D-μ-SPE of selected 

azole antifungal drugs from spiked distilled water. 

Legends, MCM-41-D-μ-SPE and LC-MS/MS conditions 

are as in Figure 4.2 with 20 mg of MCM-41 as adsorbent 

and 1.5 min extraction time. 

 

 

 

 

83 

4.7 Effect of desorption time on MCM-41-D-μ-SPE of 

selected azole antifungal drugs from spiked distilled 

water. Legends, MCM-41-D-μ-SPE and LC-MS/MS 

conditions are as in Figure 4.2 with 20 mg of MCM-41 as 

adsorbent, 1.5 min extraction time and sample pH 4. 

 

 

 

 

84 

4.8 Effect of sample volume on MCM-41-D-μ-SPE of  



xix 

selected azole antifungal drugs from spiked distilled 

water. Legends, MCM-41-D-μ-SPE and LC-MS/MS 

conditions are as in Figure 4.2 with 20 mg of MCM-41 as 

adsorbent, 1.5 min extraction time and sample pH 4. 

 

 

 

85 

4.9 LC-MS/MS total ion chromatograms (TIC) of the extract 

of spiked (a) urine and (b) human plasma at 100 µg L-1. 

MCM-41-D-µ-SPE conditions: amount of MCM-41: 20 

mg; desorption solvent: 200 µL of methanol; extraction 

time: 1.5 min; sample pH 4; desorption time: 5 min; 

sample volume: 15 mL. LC-MS/MS conditions are as 

Figure 4.2.  Peak 1) fluconazole (FLZ), 2) voriconazole 

(VRZ), 3) ketoconazole (KTZ), 4) clotrimazole (CTZ), 5) 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Research Background 

 

Sample preparation is crucial to isolate the desired analytes from the sample 

matrix. This step also includes “clean up” procedures for very “dirty” and complex 

samples that instruments cannot handle directly. In addition, the sample preparation 

could concentrate analytes, improve sensitivity and reduces cost for instruments 

maintenance. Sample preparations are very commonly carried out using conventional 

extraction methods such as liquid-liquid extraction (LLE) and solid phase extraction 

(SPE) to isolate, extract and concentrate target analytes. However, LLE are time 

consuming, labour-intensive and multi-stage operations. SPE has significant 

improvement over LLE by minimizing the consumption of chemicals and disposal 

cost of organic wastes. Nevertheless, SPE suffers from a few drawbacks; it requires a 

large volume of elution solvent and the ease with which the adsorbent pores are 

blocked by matrix. In addition, time-consuming multi-step process in SPE may cause 

analyte loss especially for volatile compounds.  

 

In order to solve the problems related to the conventional sample preparations 

methods, researches have been devoted to the development of miniaturized sample 

preparation which resulted in significant solvent and sample savings. Likewise, these 

approaches have improved the efficiency of sample enrichment, offer faster sample 

preparation and easier automation. These relatively new techniques include liquid 

phase microextraction (LPME) (Navarro et al., 2013), dispersive liquid-liquid 

microextraction (DLLME) (Suh et al., 2013) and adsorbent-based micro extractions 
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such as solid phase microextraction (SPME) (Cavaliere et al., 2012), stir bar sorptive 

extraction (SBSE) (Maggi et al., 2008) and dispersive solid phase extraction (DSPE) 

(Guan et al., 2013). The main drawbacks of SPME are the preparation of fibers that 

requires very high-priced equipment, which contributes to the high price of 

commercially available SPME fibers. Furthermore, the fibers are fragile and must be 

handled with special care (Dalia et al., 2005). As for SBSE, a few forms of SBSE 

coatings are commercially available including polydimethylsiloxane (PDMS) and 

PDMS-activated carbon (Montero et al., 2004; Bicchi et al., 2005) and more recently 

available, polar extracting phase, poly(ethylene glycol) (PEG) (Bratkowska et al., 

2012). The extraction interactions of most of these coatings are more suitable for non-

polar and weak polar compounds, although polar compounds could be extracted by 

derivatization (Mao et al., 2012).  

 

The applications of mesoporous materials in sample preparation are rapidly 

increasing due to their interesting characteristics such as high surface area, large pore 

volume, tunable mesoporous channels, well-defined pore-size distribution, 

controllable wall composition and modifiable surface properties (Zhao et al., 2012a).  

 

This work focuses on the development of new microextraction techniques 

based on mesoporous materials and their applications to the analysis of water, milk 

and biological samples. New types of adsorbent are synthesized for use in solid 

phase membrane tip extraction (SPMTE) and dispersive micro-solid phase extraction 

(D-μ-SPE). The performances of the mesoporous materials were evaluated by 

determining selected model compounds of azole antifungals and penicillins in 

aqueous solution including complex matrices such as milk and biological samples.   

 

 

 

 

1.2 Background of the Problem 

 

Complex matrices such as biological samples usually contain proteins, salts, 

acids, bases and organic compounds with identical properties of the analytes. 

Besides, the analytes usually exist at low or trace level concentrations in the samples 
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(Kataoka, 2003). Because of this, sample preparations are necessary to improve the 

detection of the analytes by extraction and preconcentration techniques.  

 

Regardless of the advances in separation and quantitation technologies, most 

of sample preparation procedures are based on conventional extraction methods such 

as liquid-liquid extraction (LLE), solid phase extraction (SPE), supercritical fluid 

extraction (SFE), microwave assisted extraction (MAE), etc. LLE faces several 

limitations such as large volume consumption of organic solvent, labor-intensive and 

high-cost operations. Although SPE has reduced many limitations in LLE, the main 

drawback for SPE is the multi-step procedures which can result in loss of analytes 

especially volatile compounds. Major problems related to SFE are the poor 

robustness of the system to maintain high-pressure delivery system and high purity 

of carbon dioxide. In addition, most of the organic solvents used in MAE may be 

dangerous to the operators and may result in environment pollution (Wang et al., 

2003).  

 

 

 

 

1.3       Problem Statement 

 

In order to overcome the above problems, many researchers have recently 

focused on the development of simple, rapid, efficient, economical and miniaturized 

sample preparation methods. Microextraction is defined as an extraction method 

where the volume of extracting phase is very small in relation to the volume of the 

sample and extraction of analytes is not exhaustive (Lord and Pawliszyn, 2000). 

Microextraction offers the unique advantages of high enrichment factor of analytes, 

sample and solvent savings, faster and efficient analysis per sample and the 

extraction is based on an equilibrium mechanism.    

 

In-line with the environmental concerns and green chemistry, sample 

preparation methods that are environmentally friendly and economical are preferable 

for any analytical procedure. This study was set out to investigate new 

microextraction methods namely solid phase membrane tip extraction (SPMTE) and 
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dispersive micro-solid phase extraction (D-μ-SPE) incorporated with mesoporous 

materials for the determination of selected azole antifungal and penicillin drugs in 

water, milk and biological samples. SPMTE and D-μ-SPE require only minute 

amounts (microliter) of organic solvents for desorption which may contribute to 

green chemistry by producing less toxic wastes.  

 

 

 

 

1.4       Research Objectives 

 

The objectives of the study are as follows: 

 

 To develop and apply mesoporous silica Mobil Composition Matter,     

MCM-41 solid phase membrane tip extraction (MCM-41-SPMTE) coupled 

with high performance liquid chromatography-ultra violet detector (HPLC-

UV) for the analysis of selected azole antifungal drugs in human plasma 

sample.  

 

 To develop and apply MCM-41 dispersive micro-solid phase extraction 

(MCM-41-D-μ-SPE) coupled with liquid chromatography-tandem mass 

spectrometry (LC-MS/MS) for the analysis of selected azole antifungal drugs 

in urine and human plasma samples.  

 

 To develop and apply mesoporous carbon Carbon Osaka University, COU-2 

dispersive micro-solid phase extraction (COU-2-D-μ-SPE) coupled with 

HPLC-UV for the analysis of selected penicillins in drinking water and 

commercial milk samples.  

 

 To develop and apply vinyl-functionalized mesoporous carbon, vinyl-COU-2 

dispersive micro-solid phase extraction (vinyl-COU-2-D-μ-SPE) coupled 

with HPLC-UV for the analysis of selected azole antifungal drugs in tap 

water, urine and plasma samples.  
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1.5 Scopes of the Study 

 

Development and application of adsorbent based microextraction methods 

were investigated. Several important extraction parameters were optimized 

comprehensively and analytical performances of the developed method were 

evaluated in the study. MCM-41-SPMTE and MCM-41-D-μ-SPE methods were 

demonstrated to extract selected azole antifungal drugs in human plasma using 

HPLC-UV and LC-MS/MS. COU-2-D-μ-SPE was performed for the extraction of 

three penicillins namely OXA, CLOX and DICLOX in drinking water and milk 

samples. Several extraction parameters were explored and the newly synthesized 

adsorbent was compared with commercial activated carbons for CLOX analysis. The 

applicability of COU-2 to the analysis of weakly basic drugs and hydrophobic 

compounds were evaluated by functionalizing the surface with vinyl group, vinyl-

COU-2-D-μ-SPE and the method was used in the extraction of azole antifungal drugs 

from aqueous sample. Several extraction parameters were optimized and the 

optimum conditions were applied to the analysis of water, milk and biological 

samples.  

 

This study investigates the synthesis and applications of MCM-41 and   

COU-2 for the determination of selected azole antifungals and penicillins in aqueous 

samples. This work consists of seven chapters. Chapter 1 provides an overview of the 

study while Chapter 2 compiles the classification of azole antifungal and penicillin 

drugs with its analytical determination, introduction to conventional extraction and 

microextraction methods, potential microextraction methods of azole antifungal and 

penicillin drugs and last but not least the applications of mesoporous materials and 

organo-functionalized mesoporous materials in sample preparation.  

 

Chapter 3 focuses on the application of MCM-41 incorporated with SPMTE 

coupled HPLC-UV for the determination of selected azole antifungal drugs in human 

plasma. Several important parameters namely, conditioning solvent, extraction time, 

desorption time, salt addition, sample pH, sample volume and desorption solvent 

were optimized. The separations and quantification of azole antifungal drugs namely 
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voriconazole (VRZ), ketoconazole (KTZ) and itraconazole (ITZ) were carried out on 

a Zorbax C18 column using HPLC-UV. 

 

Chapter 4 describes the application of MCM-41 in the microextraction 

method termed D-µ-SPE coupled to LC-MS/MS for the determination of selected 

azole antifungal drugs in plasma and urine samples. Several important extraction 

parameters namely, desorption solvent, sample pH, salt addition, extraction time, 

desorption time and mass of adsorbent were optimized. The separations and 

quantification of six azole antifungal drugs (VRZ, KTZ, miconazole (MCZ), 

econazole (ECZ), clotrimazole (CTZ) and fluconazole (FLZ)) were carried out on a 

Zorbax C18 column using LC-MS/MS. 

 

Chapter 5 reports the application COU-2 as an extraction adsorbent in D-μ-

SPE coupled to HPLC-UV was investigated for the determination of β-lactam 

(penicillin) drugs in drinking water and milk samples. Several important extraction 

parameters namely, types of adsorbent, desorption solvent, sample pH, salt addition, 

desorption time and mass of adsorbent were optimized. The separation and 

quantification of three penicillins (oxacillin (OXA), cloxacillin (CLOX) and 

dicloxacillin (DICLOX)) was studied on a Zorbax C18 stationary phase in HPLC-UV.   

 

Chapter 6 describes the application of vinyl-COU-2 as adsorbent in D-μ-SPE 

coupled to HPLC-UV for the determination of selected azole antifungal drugs in 

water and biological samples. Several important extraction parameters namely, types 

of adsorbent, desorption solvent, sample pH, salt addition, extraction time, 

desorption time and mass of adsorbent were optimized. The separations and 

quantification of two azole antifungal drugs (KTZ and ITZ) were carried out on a 

Zorbax C18 column using HPLC-UV. 

 

Finally, Chapter 7 covers the overall conclusions and future directions for 

further studies. This chapter compiles the overall results obtained including the 

optimized conditions and the analytical performances of the developed methods. 

Future directions are presented and discussed for possible further study.  
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1.6 Significance of the Study 

 

SPMTE has several important advantages in terms of fast extraction, 

minimum solvent consumption, low cost, simplicity, high sensitivity and precisions 

(See et al., 2010). D-μ-SPE has been introduced to shorten the extraction time and 

simplify the SPE by expediting the analytes to interact equally with the adsorbent 

particles and thus achieving greater capacity per mass of adsorbent. Furthermore, D-

μ-SPE avoids channelling or blocking that commonly occurs in conventional SPE 

cartridges or disk (Fu et al., 2012). All these microextraction techniques reported 

here for the first time are incorporated with mesoporous materials, MCM-41 and 

COU-2 are rapid, simple, easy to use and perform, and inexpensive. Thus, they have 

great potential as alternative sample preparation methods to conventional sample 

preparation that also provide excellent and rapid sample clean-up for water, milk and 

biological samples.   
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MCM-41-D--SPE method combined with LC-MS/MS detection provided high 

sensitivity with acceptable reproducibility and recoveries. The new idea of 

incorporating mesoporous materials with magnetite nanoparticles could simplify the 

conventional collection procedure in D-µ-SPE by eliminating centrifugation or 

filtration step in the extraction. This technique would be interesting alternative for 

rapid and fast analysis of target analytes. In addition, the current method should be 

applied to real-world biological samples or samples obtained from patients that have 

been administered with the selected drugs. 

 

A new dispersive micro-solid phase extraction (D-µ-SPE) method 

incorporating mesoporous carbon, COU-2 was successfully developed for the 

extraction of selected penicillins in drinking water and milk samples. The COU-2-D-

µ-SPE method was rapid, efficient and simple. A logical extension of the current 

work that would be the development of a fully automated D-µ-SPE in order to 

enhance the ease and simplicity of the method. Furthermore, other samples such as 

chicken muscle could be of interest for future directions. 

 

Finally, this work has successfully developed a new extraction method 

termed vinyl functionalized COU-2 dispersive micro-solid phase extraction (vinyl-

COU-2-D-µ-SPE) for the extraction of azole antifungal drugs in water and biological 

samples. The current method was developed with non-polar functionalization (vinyl) 

on the COU-2 surface to increase the hydrophobic characteristic of COU-2. In order 

to expand the horizon of microextraction methods, future work could investigate the 

possibility of functionalization of COU-2 with hydrophilic functional group to 

facilitate the rapid extraction of hydrophilic compounds. In such cases, the functional 

group chosen should be medium in polarity to avoid hydrophobic analytes from 

strongly retained on the carbon surface.  
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