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ABSTRACT 

 

 

 

 

 Arylalkanoic acid drugs belong to the group of non-steroidal anti-

inflammatory drugs (NSAIDs). These drugs are often used for the treatment of fever 

and minor pain due to its capability to inhibit prostaglandin productions which act as 

a messenger molecule in human body. There are many methods used in previous 

research to analyse arylalkanoic acids drugs but most of the methods require high 

organic solvent consumption, time consuming and involve complex sample 

derivatization. Solid phase extraction (SPE) is the common method used for sample 

preparation of NSAIDs but also involves high organic solvent consumption and is 

time consuming. To overcome the problems, solid phase membrane tip extraction 

(SPMTE) coupled with microemulsion electrokinetic chromatography (MEEKC) 

were used in this study and its performance was evaluated. Under the optimum 

MEEKC and SPMTE conditions, good linearity was obtained in the range of 0.25 to 

4.00 µg/mL with good coefficient of determination (r
2
 > 0.9985). Good repeatability 

was obtained with percentage relative standard deviation (% RSD) of 1.04 - 1.31% 

(n=3). Limit of detection (LOD) (S/N =3) was satisfactory for all the selected drugs 

(0.14 - 0.18 μg/mL). The average relative recoveries of the selected drugs in spiked 

water sample were good (99-104%). Combination of SPMTE procedure and the 

MEEKC method was then applied to the determination of spiked sulindac, ketorolac 

and aceclofenac in human urine samples. The percentage recoveries of the three 

NSAIDs obtained from the SPMTE-MEEKC method were good, ranging from 79 to 

96%. Percentage relative standard deviation (% RSD), (n=3) for the extraction 

process was also good (< 3.7%). The result was then compared to SPE-MEEKC 

method. SPE-MEEKC method shows slightly higher percentage recovery               

(95 - 112%) and lower RSD % (n=3) (1.33 - 2.06%) than SPMTE-MEEKC method. 

The SPMTE-MEEKC method was proven to be applicable to human urine analysis 

of sulindac, ketorolac and aceclofenac with faster analysis time and low amount of 

organic solvent used than in SPE-MEEKC method. 
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ABSTRAK 

 

 

 

 

 Dadah asid arilalkanoik tergolong di dalam kumpulan dadah anti-radang 

bukan-steroid (NSAIDs). Dadah ini biasanya digunakan bagi merawat demam dan 

sakit kecil  kerana kebolehannya untuk merencat penghasilan prostaglandin yang 

bertindak sebagai molekul penghantar di dalam badan manusia. Banyak kaedah yang 

telah digunakan dalam penyelidikan terdahulu untuk analisis dadah asid arilalkanoik 

tetapi kebanyakan daripada kaedah tersebut melibatkan penggunaan pelarut organik 

yang banyak, mengambil masa yang lama dan melibatkan penerbitan sampel yang 

kompleks. Pengekstrakan fasa pepejal (SPE) adalah kaedah yang biasa digunakan 

untuk penyediaan sampel NSAIDs tetapi juga melibatkan penggunaan pelarut 

organik yang banyak dan mengambil masa yang lama. Untuk mengatasi masalah ini, 

pengekstrakan muncung membran fasa pepejal (SPMTE) yang digabungkan dengan 

kromatografi elektrokinetik mikroemulsi (MEEKC) telah digunakan dan prestasinya 

dinilai. Di bawah keadaan optimum SPMTE dan MEEKC, kelinearan yang baik 

diperoleh dalam julat 0.25 hingga 4.00 µg/mL dengan pekali penentuan yang baik (r
2 

> 0.9985). Kebolehulangan yang baik diperoleh dengan peratus sisihan piawai relatif 

(% RSD) ialah 1.04 - 1.31% (n=3). Had pengesanan (LOD) (S/N =3) adalah 

memuaskan untuk semua dadah terpilih (0.14 - 0.18 µg/mL). Perolehan purata relatif  

dadah terpilih yang dipakukan dalam sampel air adalah baik (99 ke 104%). 

Gabungan prosedur SPMTE dan MEEKC kemudiannya telah digunakan untuk 

menentukan aseklofenak, ketorolak dan sulindak yang dipakukan dalam sampel air 

kencing. Peratus perolehan tiga NSAIDs yang diperoleh daripada kaedah SPMTE-

MEEKC adalah baik dalam julat 79 ke 96%. Peratus sisihan piawai relatif (% RSD), 

(n=3) untuk proses pengekstrakan juga adalah baik (< 3.7%). Keputusan yang 

diperoleh dibandingkan dengan kaedah SPE-MEEKC. Kaedah SPE-MEEKC 

menunjukkan peratus perolehan semula yang sedikit tinggi  (95 - 112%) dan % RSD 

(n=3) yang sedikit rendah (1.33 - 2.06%) daripada kaedah SPMTE-MEEKC. Kaedah 

SPMTE-MEEKC terbukti boleh digunakan untuk analisis aseklofenak, ketorolak dan 

sulindak dalam air kencing manusia dengan masa analisis yang lebih cepat dan 

penggunaan pelarut organik yang kurang berbanding dengan kaedah SPE-MEEKC. 
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CHAPTER 1

SUMMARY OF THESIS

1.1 Background of Study

Non-steroidal anti-inflammatory drugs (NSAIDs) belong to the class of acidic 

compounds which include a various number o f different chemical types such as 

derivatives o f arylacetic acid, arylalkanoic acid, arylpropionic acid, indolic acid and 

anthranilic acid. Commonly, NSAIDs exhibit p K  values in the range of 3-6 and exist 

in anionic form in pH values greater than 7 (Jorgensen and Lukacs, 1981a). NSAIDs 

are usually taken at higher doses because of their anti-inflammatory effect and in 

small doses for their analgesic and antipyretic actions (Jorgensen and Lukacs, 

1981b).

The most common anti-inflammatory mechanism for NSAIDs is the 

inhibition o f cyclooxygenase enzyme (COX) which is necessary in the formation of 

prostaglandins. Prostaglandins can cause strong physiological effects like swelling 

and pain. The usage of NSAIDs however can give a few side-effects such as 

irritation o f the stomach, vomiting and sometimes nausea. NSAIDs can be taken 

orally, systemically or as localized injection. NSAIDs are widely used and easily 

available. Thus, they are extensively used by patients (Hontela, 2006). However, 

because o f their polar structures, high water solubility and poor degradability, 

NSAIDs usually cannot be completely eliminated through the sewage treatment plant 

and these facilitate their penetration through all natural filtration steps and enter the 

ground and drinking water (Jorgensen and Lukacs, 1981a; Jorgensen and Lukacs 

1981b; Hollister, 1991; Sherma and Jain, 2000; Hontela, 2006). Arylalkanoic acid is 

one of the NSAIDs class and it usually contains one or more aryl groups in the
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structure. Many important arylalkanoic acid drugs like sulindac and ketorolac play an 

important role in treating osteoarthritis, cancer, and smooth-muscle pain (O’Donnel, 

1997; Schrier, 2007).

The growing demands for arylalkanoic acid class of NSAIDs drug and its bad 

effect towards the environment from their production and decomposition process 

ignite the needs to develop new analytical methods regarding their qualitative and 

quantitative analysis. There are many methods used in previous research on 

aryalkanoic class analysis such as high performance liquid chromatography (HPLC) 

(Sun et al., 2003; Payan et al., 2011), gas chromatography (GC) (Martinez-Algaba, 

2004), liquid chromatography (LC) (Hoshina et al., 2011), voltammetric (Ali, 1999), 

spectrophotometric and spectrofluorometric methods (Gouda et al., 2011).

However, many o f these methods are solvent and time consuming. LC, 

spectrophotmetric method and spectrofluorometric method also exhibit low 

sensitivity properties (Sun et al., 2003; Payan et al., 2011; Martinez-Algaba, 2004; 

Hoshina et al., 2011; Ali, 1999; Gouda et al., 2011; Harvey, 2000). Therefore, one of 

the CE modes which is MEEKC was selected as the separation method to overcome 

the large solvent consumption problem faced in the previous method. Microemulsion 

electrokinetic chromatography (MEEKC), an electrodriven separation technique is 

one of the capillary electrophoresis modes in a nanoseparation method.

MEEKC offers a highly efficient separation o f both charged and neutral 

solutes covering a various range of water solubility. This technique basically 

separates the solutes based on their hydrophobicities and electrophoretic mobilities 

using microemulsion buffers. This method was proved to be rigid, faster, low solvent 

consumption and cost effective compared to other rapidly used separation methods 

such as high performance liquid chromatography (HPLC) and micellar electrokinetic 

chromatography (MEKC) (Sun et al., 2003; Payan et al., 2011; Huang et al., 2003; 

Hansen et al., 2001). Therefore, MEEKC was selected as the separation method in 

this research in order to achieve a fast, environmental friendly and cost effective 

separation process of aryalkanoic acid drugs. In this research, an MEEKC method 

with DAD detector was used and the background electrolyte (BGE) composition was
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investigated to provide better result for the analysis o f the selected aryalkanoic acid 

drugs which were aceclofenac, ketorolac and sulindac.

In previous researches, various types o f extraction methods have been used to 

extract NSAIDs such as solid phase extraction (SPE) (Hoshina et al., 2011), 

electromembrane extraction (EME) (Payan et al., 2011), liquid phase 

microextraction (LPME) (Es’haghi, 2009) and solid phase microextraction (SPME) 

(Fan et al., 2005). However, SPE needs a lot of steps which is time consuming and 

uses a large amount of organic solvent that are potentially toxic and relatively 

expensive. SPME and LPME both have a similar disadvantage which is lack o f 

selectivity for specific adsorption of certain analytes (Li et al., 2011). EME in the 

other hand offers faster analysis time but the analyte’s percentage of recovery in real 

samples is low compared to other extraction methods (Lee et al., 2009).

Therefore, solid phase membrane tip extraction (SPMTE) was used in this 

research as it offers shorter extraction time, low solvent usage, cost effectiveness, 

high analyte percentage recovery and is easy to use. SPMTE involves the use of tiny- 

cone shaped membrane tip protected multiwall carbon nanotubes (MWCNTs). In a 

previous research done on pesticide analysis, SPMTE method was able to minimize 

the extraction time as well as reduce cost and solvent usage. This extraction method 

was proven to give comparable LODs as well as method reproducibility (See et al.,

2010).

1.2 Summ ary

This study was conducted to separate three different aryalkanoic acid drugs 

namely aceclofenac, ketorolac and sulindac in urine sample using MEEKC coupled 

with SPMTE method. There are four important objectives in this study which are 

firstly the optimization of MEEKC method followed by SPMTE method, thirdly is 

the validation of the SPMTE-MEEKC method and the final objective is application 

of the validated method in the analysis o f human urine sample.
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Chapter 2 combines the explanation of the selected drug properties, previous 

separation and extraction methods used in arylalkanoic acid drugs analysis and 

introduction to capillary electrophoresis and solid phase membrane tips extraction. 

Objectives of the study, significance o f the study and the scope of the study are also 

covered in this chapter.

Chapter 3 reports the optimization of microemulsion electrokinetic 

chromatography method for the separation of the selected drugs. Throughout this 

chapter, the procedure and the effects of eleven parameters towards the separation 

process using MEEKC were investigated. The parameters investigated were sodium 

tetraborate buffer pH and concentration, SDS concentration, acetonitrile 

concentration, butan-1-ol concentration, ethyl acetate concentration, temperature, 

wavelength, applied voltage, injection time and solvent type.

Chapter 4 discussed the results obtained from the optimization o f SPMTE 

techniques used in the extraction o f the selected drugs in deionized water. Six 

parameters were optimized namely effect of organic solvent used for conditioning, 

sample pH, salt addition percentage, sample volume, extraction times and desorption 

times. The results were then compared with the results obtained from a published 

SPE method. The optimum conditions of SPMTE-MEEKC were then applied for the 

analysis of selected NSAIDs in urine samples.

The final chapter discussed the conclusions and future directions for further 

studies. The results obtained throughout this study such as the analytical performance 

and optimized parameters were concluded and compared. Future directions o f the 

research are also highlighted in this chapter.



93

REFERENCES

Ali, A. M. M. (1999). Cathodic Adsorptive Stripping Voltammetric Determination of 

the Anti-Inflammatory Drug Indomethacin. J. Pharm. Biomed. Anal. 18 

1005-1012.

Altria, K. D. (2000). Background Theory and Applications of Microemulsions 

Electrokinetic Chromatography. J. Chromatogr. A, 892. 171-186.

Altria, K. D., Clark, B. J. and Mahuzier, P. E. (2000). The Effect of Operating 

Variables in Microemulsion Electrokinetic Capillary Chromatography. 

Chromatographia. 52. 758-768.

Altria, K. D., Kelly, M. A. and Clark, B. J. (1996). The Use of a Short End Injection 

Procedure to Achieve Improved Performance in Capillary Electrophoresis. 

Chromatographia. 43. 153-158.

Altria, K. D., Ryan, R., Donegan, S. and Power, J. (2010). Advances in the Theory 

and Application of MEEKC. Electrophoresis. 31. 755.

Amer, S. M., El-Saharty, Y. S., Metwally, F. H. and Younes, K. M. (2005). 

Spectrophotometric Study of Etodolac Complexes with Copper (II) and Iron

(III). J. AOACInt. 88. 1637-1643.

Aronson, J. K. (2009). Meyler’s Side Effect of Analgesics and Anti-Inflammatory 

Drugs. 14th Edition. USA. Elsevier Publication. 331.

Arvand, M. and Gholizadeh, T. M. (2013). Gold Nanorods-Graphene Oxide 

Nanocomposite Incorporated Carbon Nanotube Paste Modified Glassy 

Carbon Electrode for Voltammetric Determination of Indomethacin. Sens. 

Actuators, B. 186. 622-632.

Arvand, M., Gholizadeh, T. M. and Zanjanchi, M. A. (2012). MWCNTs/Cu(OH)2 

Nanoparticles/IL Nanocomposite Modified Glassy Carbon Electrode as a 

Voltammetric Sensor for Determination of the Non-steroidal Anti

inflammatory Drug Diclofenac. Mater. Sci. Eng., C. 32. 1682-1689.

http://www.scopus.com/authid/detail.url?authorId=7006081410&amp;eid=2-s2.0-30644464288
http://www.scopus.com/authid/detail.url?authorId=6602902676&amp;eid=2-s2.0-30644464288
http://www.scopus.com/authid/detail.url?authorId=6506201712&amp;eid=2-s2.0-30644464288
http://www.scopus.com/authid/detail.url?authorId=11339242800&amp;eid=2-s2.0-30644464288


94

Balchen, M., Gjelstad, A., Rasmussen, K. E. and Pedersen-Bjergaard, S. (2007). 

Electrokinetic Migration of Acidic Drugs Across a Supported Liquid 

Membrane. J. Chromatogr. A. 1152. 220-225.

Barnett, N. W., Lenehan, C. E. and Lewis, S.W. (1999). Sequential Injection 

Analysis: An Alternative to Process Analytical Chemistry. Trend. Anal. 

Chem. 18. 346-353.

Bristol, J. A. (1993). Annual Reports in Medicinal Chemistry. UK. Academic Press 

Inc. 28, 326-327.

Castillo, M. A. and Bruzzone, L. (2006). Indirect Fluorometric Determination of 

Diclofenac Sodium. Anal. Sci. 22. 431-433.

Chaves, A. R., Silva, S. M., Queiroz, R.H.C., Lancas, F. M. and Queiroz, M. E. C. 

(2007). Stir Bar Sorptive Extraction and Liquid Chromatography With UV 

Detection for Determination of Antidepressants in Plasma Samples. J. 

Chromatogr. B. 850. 295-302.

Chen, Y. and Wu, S. (2005). Capillary Zone Electrophoresis for Simultaneous 

Determination of Seven Non-Steroidal Anti-Inflammatory Drugs in 

Pharmaceuticals. Anal. Bioanal. Chem. 381. 907.

D^ebska, J., Kot-Wasik, A. and Namie'snik, J. (2005). Determination of Non

Steroidal Anti-Inflammatory Drugs in Water Samples Using Liquid 

Chromatography Coupled with Diode-array Detector and Mass Spectrometry. 

J. Sep. Sci. 28. 2419-2426.

Dahane, S., Garcia, M. D. G., Bueno, M. J. M., Moreno, A. U., Galera, M. M. and 

Derdour, A. (2013). Determination of Drugs in River and Wastewaters using 

Solid-Phase Extraction by Packed Multi-walled Carbon Nanotubes and 

Liquid Chromatography-Quadrupole-Linear ion Trap-Mass Spectrometry. J. 

Chromatogr. A. 1297. 17-28.

Dong, M., Ma, Y., Zhao, E., Qian, C., Han, L. and Jiang, S. (2009). Using 

Multiwalled Carbon Nanotubes as Solid Phase Extraction Adsorbents for 

Determination of Chloroacetanilide Herbicides in Water. Microchim. Acta. 

165. 123-128.

Dubreil-Cheneau, E., Pirotais, Y., Bessiral M., Roudaut B. and Verdon, E. (2011). 

Development and Validation of a Confirmatory Method for the 

Determination of 12 Non-steroidal Anti-inflammatory Drugs in Milk Using



95

Liquid Chromatography-Tandem Mass Spectrometry. J. Chromatogr. A. 

1218. 6292-6301.

Eid, M., El-Brashy, A., Aly, F. and Talaat, W. (2007). Spectrofluorometric 

Determination of Ketorolac Tromethamine via Its Oxidation with Cerium

(IV) in Pharmaceutical Preparations and Biological Fluids. J. AOAC Int. 90. 

941.

El-haj, B. M., Al-ainri, A. M., Hassan, M. H., Khadeem, R. K. B.,and Marzouq, M. 

S. (1999). The GC/MS Analysis of Some Commonly Used Non-Steroidal 

Anti-Inflammatory Drugs and Their Metabolites in Pharmaceuticals Dosage 

and in Urine. Forens. Sci. Int. 105. 141-153.

El-Kousy, N. M. (1999). Spectrophotometric and Spectrofluorimetric Determination 

of Etodolac and Aceclofenac. J. Pharm. Biomed. Anal. 20. 185-194.

Es’haghi, Z. (2009). Determination of Widely Used Non-Steroidal Anti

Inflammatory Drugs in Water Samples by in-situ Derivatization, Continuous 

Hollow Fiber Liquid-Phase Microextraction and Gas Chromatography-Flame 

Ionization Detector. Anal. Chim. Acta. 641. 83-88.

Fan, Y., Feng, Y., Da, S. and Wang, Z. (2005). In-tube Solid Phase Microextraction 

Using a B-cyclodextrin Coated Capillary Coupled to High Performance 

Liquid Chromatography for Determination of Non-Steroidal Anti

Inflammatory Drugs in Urine Samples. Talanta, 65. 111-117.

Farre, M., Petrovic, M., Gros, M., Kosjek, T., Martinez, E., Heath, E., Osvald, P., 

Loos, A., Ternes, T. A., Zuccato, E., Kormali, P., Gans, O., Rodil, R., 

Quintana, J. B., Pastori, F., Gentili, A.and Barcelo, D. (2008). First 

Interlaboratory Exercise on Non-Steroidal Anti-Inflammatory Drugs Analysis 

in Environmental Samples. Talanta. 76. 580-590.

Fillet, M., Bechet, I., Piette, V. and Crommen, J. (1999). Separation of Non-steroidal 

Anti-inflammatory Drugs by Capillary Electrophoresis using Nonaqueous 

Electrolytes. Electrophoresis. 20. 1907-1915.

Friedberg, M. and Shihabi, Z. K. Ketoprofen Analysis in Serum by Capillary 

Electrophoresis. J. Chromatogr. B: Biomed. Sci. App.695. 193-198.

Furlanetto, S., Orlandini, S., Marras, A. M., Mura, P. and Pinzauti, S. (2006). 

Mixture Design in the Optimization of a Microemulsion System for the 

Electrokinetic Chromatographic Determination of Ketorolac and its



96

Impurities: Method Development and Validation. Electrophoresis. 27. 805

818.

Gentili, A. (2007). Determination of Non-Steroidal Anti-Inflammatory Drugs in 

Environmental Samples by Chromatographic and Electrophoretic 

Techniques. Anal. Bioanal. Chem. 387. 1185-1202.

Gfau, M., Montero, J. L., Guasch, J., Felipe, A., Carrasco, E. and Julia, S. (1991). 

The Pharmacological Profile of Aceclofenac, a New Non-Steroidal Anti

Inflammatory and Analgesic Drug. Agents Actions Suppl. 32 125-129.

Ghiasvand, A. R., Taherimaslak, Z., Badiee, M. Z. and Farajzadeh, M. A. (2008). A 

New Homogeneous Lliquid-Liquid Extractive-spectrophotometric Method 

for Determination of Diclofenac in Urine. Orient. J. Chem. 24. 83-90.

Gouda, A. A., El-sayed, M. I. K., Amin, A. S. and Sheikh, E. R. (2011). 

Spectrophotometric and Spectrofluorometric Methods for the Determination 

of Non-Steroidal Anti-Inflammatory Drugs: A review. Arabian J. Chem. 6. 

1-19.

Goyal, R. N., Chatterjee, S. and Gupta, V. K. (2010a). Voltammetric Biosensors for 

the Determination of Paracetamol at Carbon Nanotube Modified Pyrolytic 

Graphite Electrode. Sens. Actuators, B. 149. 252-258.

Goyal, R. N., Chatterjee, S. and Agrawal, B. (2010b). Electrochemical Investigations 

of Diclofenac at Edge Plane Pyrolytic Graphite Electrode and its 

Determination in Human Urine. Sens. Actuators, B. 145. 743-748.

Guo, L. and Lee, H. K. (2012). One Step Solvent Bar Microextraction and 

Derivatization Followed by Gas Chromatography-Mass Spectrometry for the 

Determination of Pharmaceutically Active Compounds in Drain Water 

Samples. J. Chromatogr. A. 1235. 26-33.

Hajjizadeh, M., Jabbari, A., Heli, H., Moosavi-Movahedi, A. A. and Haghgoo, S.

(2007). Electrocatalytic Oxidation of Some Anti-inflammatory Drugs on a 

Nickel Hydroxide-Modified Nickel Electrode. Electrochim. Acta. 53. 1766

1774.

Hansen, S. H., Charlotte, G. and Stig, P. B. (2001). Comparison of Microemulsion 

Electrokinetic Chromatography and Solvent-Modified Micellar Electrokinetic 

Chromatography. J. Sep. Sci. 24 643-650.



97

Harvey, D. (2000). Modern Analytical Chemistry. 1st ed. USA. McGraw-Hill 

Companies. 563-609.

Helenkar, A., Sebok, A., Zaray, Gy. Molnar-Perl, I. and Vsanits-Zsigrai, A. (2010). 

The Role of the Acquisition Methods in the Analysis of the Non-steroidal 

Anti-inflammatory Drugs in Danube River by Gas Chromatography - Mass 

Spectrometry. Talanta. 82 (2). 600-607.

Herber, R. F. M and Streppler, M. (1994). Trace Element Analysis in Biological 

Speciments. 1st Edition. USA. Elsevier Science B.V. 130.

Hirai, T., Matsumoto, S. and Kishi, I. (1997). Simultaneous Analysis of Several Non

steroidal Anti-inflammatory Drugs in Human Urine by High-performance 

Liquid Chromatography with Normal Solid-phase Extraction. 

J. Chromatogr. B: Biomed. Sci. App. 692. 375-388.

Hoegger, D. and Freitag, R. (2001). Acrylamide-Based Monoliths as Robust 

Stationary Phases for Capillary Electrochromatography. J. Chromatogr. A. 

914. 211.

Hollister, L. L. (1991). Drug Evaluation Annual. 6th Edition. USA. W. B. Saunders 

Co. 1814-1815.

Hontela, A. (2006). Corticosteroidogenesis and StAR Protein of Rainbow Trout 

Disrupted by Human-use Pharmaceuticals: Data for Use in Risk Assessment. 

Toxicol. Sci. 93. 1-2.

Hoshina, K., Horiyama, S., Matsunaga, H. and Haginaka, J. (2011). Simultaneous 

Determination of Non-Steroidal Anti-Inflammatory Drugs in River Water 

Samples by Liquid Chromatography-Tandem Mass Spectrometry using 

Molecularly Imprinted Polymers as a Pretreatment Column. J. Pharm. 

Biomed. 55 916-922.

Huang, H., Lai, Y., Chiu, C. and Yeh, J. (2003). Comparison of Microemulsion 

Electrokinetic Chromatography and Micellar Electrokinetic Chromatography 

as Methods for the Analysis of Ten Benzophenones. J. Chromatogr. A, 993. 

153-164.

Idder, S., Ley, L., Mazellier, P. and Budzinski, H. (2013). Quantitative On-line 

Preconcentration-liquid Chromatography Coupled with Tandem Mass 

Spectrometry Method for the Determination of Pharmaceutical Compounds 

in Water. Anal. Chim. Acta. 805. 107-115.



98

Jaussaud, P., Courtot, D., Benoit, E., Besse, S., Videman, B., Delatour, P. and 

Bonnaire, Y. (1992). Identification of a Benzhydrolic Metabolite of 

Ketoprofen in Horses by Gas Chromatography—Mass Spectrometry and 

High-Performance Liquid Chromatography. J. Chromatogr. B. 583. 167.

Jaussaud, P., Courtot, D., Guieu, D., Babier, B. and Bonnaire, Y. (1992). 

Identification of a Tolfenamic Acid Metabolite in the Horse by Gas 

Chromatography—Mass Spectrometry. J. Chromatogr. B. 573. 136.

Jaussaud, P., Courtot, D., Guyoy, J. L. and Paris, J. (1987). Identification of a 

Flunixin Metabolite in the Horse by Gas Chromatography-Mass 

Spectrometry. J. Chromatogr. B. 423. 123.

Jin, W. and Zhang, J. (2000). Determination of Diclofenac Sodium by Capillary 

Zone Electrophoresis with Electrochemical Detection. J. Chromatogr. A. 868 

101.

Johansson, M. and Anler, E. L., (1988). Gas Chromatographic Analysis of Flunixin 

in Equine Urine After Extractive Methylation. J. Chromatogr. B. 427. 55.

Jong, E. G. D., Kiffers, J. and Maes, R. A. A. (1989). The Determination of Non

Steroidal Anti-Inflammatory Drugs by GC—MS—MS in Equine Urine. J. 

Pharm. Biomed. Anal. 7. 1617.

Jorgensen, J. W. and Lukacs, K. A. (1981). Free Zone Electrophoresis in Glass 

Capillaries. Clin. Chem. 218 209-216.

Jorgensen, J. W. and Lukacs, K. A. (1981). Zone electrophoresis in open tubular 

glass capillaries. Anal.Chem. 53 1298-1302.

Kamaruzaman, S., Sanagi, M. M., Endud, S., Wan Ibrahim, W. A. and Yahaya, N. 

(2013). MCM-41 Solid Phase Membrane Tip Extraction Combined With 

Liquid Chromatography for the Determination of Non-Steroidal Anti

Inflammatory Drugs in Human Urine. J. Chromatogr. B. 940. 50-65.

Kamath, B. V., Shivram, K., Shah, A. C. (1994). Determination of Diclofenac 

Sodium, Famotidine and Ketorolac Tromethamine by Flow Injection 

Analysis Using Dichloronitrophenol. J. Pharm. Biomed. Anal. 12. 343.

Kim, K. R., Yoon, K. R. (1996). Rapid Screening for Acidic Non-Steroidal Anti

Inflammatory Drugs in Urine by Gas Chromatography-Mass Spectrometry in 

the Selected-Ion Monitoring Mode,. J. Chromatogr. B. 682 55-56.

Klampfl, C. W. (2003). Solvents Effects in Microemulsion Electrokinetic 

Chromatography. Electrophoresis. 24. 1537-1543.



99

Kobylinska, M., Kobylinska, K and Sobik, B. (1996). HPLC Analysis for the 

Determination of Miconazole in Human Plasma using Solid-Phase 

Extraction. J. Chromatogr. B. 685, 191-195.

Kosjek, T., Heath, E. and Krbavcic, A. (2005). Determination of Non-steroidal Anti

inflammatory Drug (NSAIDs) Residues in Water Samples. Environ. Int. 31. 

679-685.

Kot-Wasik, A., D^ebska, J., Wasik, A. and Namie'snik, J. (2006). Determination of 

Non-Steroidal Anti-Inflammatory Drugs in Natural Waters Using Off-Line 

and On-Line SPE Followed by LC Coupled with DAD-MS. 

Chromatographia. 64. 13-21.

Krier, F. Brion, M., Debrus, B., Lebrun, P., Driesen, A., Ziemons E., Evrard, B. and 

Hubert, P. (2011). Optimisation and Validation of a Fast HPLC Method for 

the Quantification of Sulindac and its Related Impurities. J. Pharm. Biomed. 

Anal. 54. 694-700.

Kuo, Y., Liu, W., Hsieh, S. and Huang, H. (2010). Analyses of Non-steroidal Anti

inflammatory Drugs in Environmental Water Samples with Microemulsion 

Electrokinetic Chromatography. Anal. Sci. 26. 703-707.

Landers, J. P. (1996). Handbook of Capillary Electrophoresis. 2nd Edition. 

Washington D. C. CRC Press LLC. 1 -  42.

Lee, J., Khalilian, F., Bagheri, H., and Lee, H. K. (2009). Optimization of Some 

Experimental Parameters in the Electro Membrane Extraction of 

Chlorophenols from Seawater. J. Chromagtogr.A. 1216. 7687-7693.

Lemke, T. L., William, D. A., Roche, V. F. and Zito, S. (2001). Foye’s Principal 

of Medicinal Chemistry. 6th Edition. USA. Lippincott William and Wilkins 

Co. 840-900.

Li, X.,Wang, L., Wang, Z., Zhang, H., Su, R., Xu, X. and Zhang, H. (2011). 

Ultrasonic Nebulization Extraction Coupled With Headspace Hollow Fiber 

Microextraction of Pesticides From Root of Panax Ginseng C.A. Mey. J. Sep. 

Sci, 34. 1582-1589.

Maboundou, C., Paintaud, G., Berard, M. and Bechtel, P. (1994). Separation of 

Fifteen Non-steroidal Anti-inflammatory Drugs using Micellar Electrokinetic 

Capillary Chromatography. J. Chromatogr. B. 657. 173-183.

Macia, A., Borrull, F., Calull, M., Aguilar, C. (2005). Separation and on-column 

Preconcentration of Some Non-Steroidal Anti-Inflammatory Drugs by

http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S0021967309013934
http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S0021967309013934
http://www.sciencedirect.com.ezproxy.psz.utm.my/science/article/pii/S0021967309013934


100

Microemulsion Electrokinetic Capillary Chromatography Using High-Speed 

Separations. Electrophoresis. 26. 970.

Macia, A., Borrull, F., Calull, M. and Aguilar, C. (2007). Capillary Electrophoresis 

for the Analysis of Non-Steroidal Anti-Inflammatory Drugs. Trends Anal. 

Chem., 26. 133-152.

Macia, A., Borrull, F., Calull, M., Aguilar, C. (2006). Analysis of Non-steroidal 

Anti-Inflammatory Drugs in Water Samples using Microemulsion 

Electrokinetic Capillary Chromatography under pH-Suppressed 

Electroosmotic Flow with an On-column Preconcentration Technique. 

Chromatographia. 63. 149-154.

Marchese, S., Gentili, A., Perret, D. R. Curini, and Pastori, F. (2003). Determination 

of Nonsteroidal Anti-Inflammatory Drugs in Surface Water and Wastewater 

by Liquid Chromatography-Tandem Mass Spectrometry. Chromatographia. 

58. 263-269.

Marchese, S., Gentili, A., Perret, D., D ’Ascenzo, G. and Pastori, F. (2003). 

Quadrupole Timeof-Flight versus Triple-Quadrupole Mass Spectrometry for 

the Determination of Non-Steroidal Anti-Inflammatory Drugs in Surface 

Water by Liquid Chromatography/Tandem Mass Spectrometry. Rapid 

Commun. Mass Spectrom. 17. 879-886.

Martinez-Algaba, C., Escuder-Gilabert, L., Sagrado, S., Villanueva-Camanas, R. M. 

and Medina-Hernandez, M. J. (2004). Comparison Between Sodium 

Dodecylsulphate and Cetyltrimethylammonium Bromide as Mobile Phases in 

the Micellar Liquid Chromatography Determination of Non-Steroidal Anti

Inflammatory Drugs in Pharmaceuticals. J. Pharm. Biomed. Anal. 36. 393

399.

Marulanda, J. M. (2010). Carbon Nanotubes. 1st Edition. Croatia. In-Teh Publication. 

523-542.

Mardones, C., Rios, A. and Valcarcel, M. (2001). Determination of Nonsteroidal 

Anti-inflammatory Drugs in Biological Fluids by Automatic On-line 

Integration of Solid-phase Extraction and Capillary Electrophoresis. 

Electrophoresis. 22. 484-490.

Maurer, H. H., Tauvel, F. X., Kraemer, T. (2001). Screening Procedure for Detection 

of Non-Steroidal Anti-Inflammatory Drugs and Their Metabolites in Urine as 

Part of Systematic Toxicological Analysis Procedure for Acidic Drugs and



101

Poisons by Gas Chromatography-Mass Spectrometry After Extractive 

Methylation. J. Anal. Toxicol. 25. 237-244.

Melvin, M. (1987). Electrophoresis. 1st Edition. Britain. John Wiley and Sons. 1- 37. 

Migowska, N., Caban, M., Stepnowski, P. and Kumirska, J. (2012). Simultaneous 

Analysis of Non-steroidal Anti-inflammatory Drugs and Estrogenic 

Hormones in Water and Wastewater Samples Using Gas Chromatography- 

mass Spectrometry and Gas Chromatography With Electron Capture 

Detection. Sci. Total Environ. 441. 77-88.

Mishra, P. and Garg, G. (2006). Simultaneous Estimation of Aceclofenac and 

Paracetamol in Tablets. J. Indian Chem. Soc. 83. 288.

Mitic, S. Miletic, G., Pavlovic, A., Tosic, S. and Pecev, E. (2007). Determination of 

Diclofenac Sodium in Commercial Pharmaceutical Formulations and Human 

Control Serum using a Kinetic-Spectrophotometric Method. Chem. Pharm. 

Bull. 55. 1423-1426.

Musmade, P., Subramaniam, G. and Srinivasan, K. K. (2007). High-performance 

Liquid Chromatography and Pharmacokinetics of Aceclofenac in Rats. Anal. 

Chim. Acta. 585. 103-109.

Nagaraja, P., Yathirajan, H. S., Arunkumar, H. R. and Vasantha, R. A. (2002). 

Novel Coupling Reagents for the Sensitive Spectrophotometric 

Determination of Nimesulide in Pharmaceutical Preparations. J. Pharm. 

Biomed. Anal. 29. 277-282.

Nikam, A. D., Pawar, S. S. and Gandhi S. V. (2007). Simultaneous 

Spectrophotometric Estimation of Aceclofenac and Paracetamol. Asian J. 

Chem. 19. 5075-5080.

O’Donnell, J. T and Ahuja, G. D. (2005). Drug Injury: Liability, Analysis & 

Preventation. 2nd Edition. Lawyers & Judges Publishing Company. 138. 

Orlandini, S., Fanali, S., Furlanetto, S., Marras, A. and Pinzauti, S. (2004). Micellar 

Electrokinetic Chromatography for the Simultaneous Determination of 

Ketorolac Tromethamine and its Impurities: Multivariate Optimization and 

Validation. J. Chromatogr. A. 1032. 256.

Orlandini, S., Furlanetto, S., Pinzauti, S., Orazio, G. and Fanali, S. (2004). Analysis 

of Ketorolac and its Related Impurities by Capillary Electrochromatography. 

J. Chromatogr. A. 1044. 295.



102

Owen, S. G., Roberts, M. S. and Friessen, W. T. (1987). Rapid High-Performance 

Liquid Chromatographic Assay for the Simultaneous Analysis of Non

Steroidal Anti-Inflammatory Drugs in Plasma. J. Chromatogr. 416. 293.

Pawliszyn, J. (2010). Handbook of Sample Preparation. 1st Edition. USA. John Wiley 

& Sons, Inc. 53-67.

Payan, M. P., Lopez, M. A. B., Torres, R. F., Navarro, M. V., and Mochon, M. C.

(2011). Electromembrane (EME) and HPLC Determination of Non-Steroidal 

Anti-Inflammatory Drugs (NSAIDS) in Wastewater samples. Talanta. 85. 

394-399.

Pyrzynska, K. (2008). Carbon Nanotubes as a New Solid-Phase Extraction Material 

for Removal and Enrichment of Organic Pollutants in Water. Separ Purif 

Rev. 37. 372-389.

Sae-Khow, O. and Mitra, S. (2009). Carbon Nanotubes as the Sorbent for Integrating 

p-Solid Phase Extraction Within the Needle of a Syringe. J. Chromatogr. A. 

1216. 2270-2274.

Safwan, A. and Kattan, N. (2010). Simultaneous Determination of Miconazole 

Nitrate and Metronidazole in Different Pharmaceutical Dosage Forms by Gas 

Chromatography and Flame Ionization Detector (GC-FID). J. Biomed. Sci. 

6.13-18.

Salem, H., El-Maamli, M. and Shalaby, A. (2000). Atomic Absorption Spectrometry 

of Acidic Pharmaceutical Constituents by Precipitation Using Co (II), Cd (II) 

and Mn (II). Sci. Pharm. 68. 343-355.

Sanagi, M. M., Miskam, M., Wan Ibrahim, W. A., Hermawan, D. and Aboul-Enein,

H. Y. (2010). Determination of Partition Coefficient and Analysis of 

Nitrophenols by Three-phase Liquid-phase Microextraction Coupled with 

Capillary Electrophoresis. J. Sep. Sci. 33. 2131-2139.

Sanjay, R. K., Karthikeyan C., Moorthy, N. S. and Trivedi, P. (2006). New 

Spectrophotometric Methods Applied to the Simultaneous Determination of 

Diclofenac Potassium and Tizanidine. Indian J. Pharm. Sci. 68. 317-322.

Sarafraz-Yazdi, A. and Amiri, A. (2010). Liquid-phase Microextraction. Trends 

Anal. Chem. 29 (1). 1-14.

Sarafraz-Yazdi, A., Assadi, H. and Wan Ibrahim, W.A. (2012). Determination of 

Triazole Fungicides Using Hollow Fiber Liquid Phase Microextraction Prior



103

to Gas Chromatography-Mass Spectrometry Analysis. Ind. Eng. Chem. Res. 

51, 3101-3107.

Schrier, R. W. (2007). Diseases of the Kidney and Urinary Tract, 8th Edition. USA.

Lippincott William &Wilkins Publication. 1087-2059.

See, H. H., Sanagi, M. M., Wan Ibrahim, W. A. and Naim, A. A. (2010). 

Determination of Triazine Herbicides using Membrane-Protected Carbon 

Nanotubes Solid Phase Membrane Tip Extraction Prior to Micro-Liquid 

Chromatography. J. Chromatogr. A, 1217. 1767-1772.

Segura, J., Mestress, M., Aubets, J., Torre, R. D. L., Ugena, B. and Cami, J. (1988). 

Detection and Quantification of Non-Steroidal Anti-Inflammatory Agents by 

Gas Chromatography/Mass Spectrometry: Diclofenac. Mass Spectrom. 16. 

361.

Selvadurai, M. Kumar, K. J. and Parasuraman, S. (2013). Simple and Sensitive 

Method for the Analysis of Ketorolac in Human Plasma using High- 

performance Liquid Chromatography. J. Young Pharm. 5. 98-101.

Seukarajan, M., Thanya, B., Sodanapalli, R., and Nair, R. (2011). Synthesis and 

Characterization of a Pharmaceutical Co-Crystal: (Aceclofenac: 

Nicotinamide). J. Pharm. Sci. & Res. 3, 1288-1293.

Sherma, J. and Jain, R. (2000). Planar Chromatography. Anal. Chem. 80, 4253-4280. 

Shingbal D.M. and Naik U.C. (1997). Spectrophotometic Determination of 

Ketorolac Tromethamine and its Dosage Forms using 3-Methyl 2- 

Benzothiazolinone Hydrazone Hydrochloride. Indian Drugs. 34. 608.

Shihabi, Z. K. and Hinsdale M. E. (1996). Analysis of Ibuprofen in Serum by 

Capillary Eelctrophoresis. J. Chromatogr. B. 683.115-118.

Siluveru, M., and Stewart, J. T. (1995). Determination of Sulindac and its 

Metabolites in Human Serum by Reversed-phase High-performance Liquid 

Chromatography using On-line Post-column Ultraviolet Irradiation and 

Fluorescence Detection. J. Chromatogr. B. 673. 91-96.

Singhvi, I. and Goyal, A. (2007). Visible Spectrophotometric Estimation of 

Aceclofenac and Indapamide from Tablets using Folin-ciocalteu Reagent. 

Indian J. Pharm. Sci. 69. 164-165.

Siouffi, A., Pommier, F. and Godbillon, J. (1991). Determination of Diclofenac in 

Plasma and Urine by Capillary Gas Chromatography—Mass Spectrometry



104

with Possible Simultaneous Determination of Deuterium-Labelled 

Diclofenac. J. Chromatogr. B. 571. 87.

Stubbs, R. J., NG, L. L., Enwistle, L. A. and Bayne W. F. (1987). Analysis of 

Sulindac and Metabolites in Plasma and Urine by High Performance Liquid 

Chromatography. J. Chromatogr. 413. 171-180.

Sun, Y., Takaba, K., Kido, H., Nakashima, M. N. and Nakashima, K. (2003). 

Simultaneous Determination of Arylpropionic Acidic Non-steroidal Anti

Inflammatory Drugs in Pharmaceutical Formulations and Human Plasma by 

HPLC with UV Detection. J. Pharm. Biomed. 30. 1611-1619.

Sviridov, D. and Hortin, G. L. (2009). Urine Albumin Measurement: Effects of urine 

Matrix Constituents. Anal. Chim. Acta. 404. 140-143.

Terabe, S., Otsuka, K., Ichikawa, K., Tsuchiya A. and Ando T. (1984). Electrokinetic 

Separations with Micellar Solutions and Open-Tubular Capillaries. Anal. 

Chem. 56. 111-113.

Toasaksiri, S., Massart, D. and Heyden, Y. (2000). Study of Method Validation 

Criteria in a Capillary Electrophoresis Method for the Separation of Non

steroidal Anti-inflammatory Drugs. Anal. Chim. Acta. 416. 29-42.

Valcarcel, M., Cardenas, S., Simonet, B. M., Moliner-Martinez, Y. and Lucena, R.

(2008). Carbon Nanostructures as Sorbent Materials in Analytical Processes. 

Trends Anal. Chem. 27. 34-43.

Veraart, J. R., Gooijer, C., Lingeman H., Velthorst, N. H. and Th Brinkman, U. A. 

(1998). At-line Solid-phase Extraction for Capillary Electrophoresis: 

Application to Negatively Charged Solutes. J. Chromatogr. B: Biomed. Sci. 

App.719. 199-208.

Wan Ibrahim, W. A., Hermawan, D. and Sanagi, M. M. (2007). On-line 

Preconcentration and Chiral Separation of Propiconazole by Cyclodextrin- 

Modified Micellar Electrokinetic Chromatography. J. Chromatogr. A. 1170. 

107-113.

Wang, Z., Dsida, R. M. and Avram, M. J. (2001). Determination of Ketorolac in 

Human Plasma by Reversed-phase High-performance Liquid 

Chromatography using Solid-phase Extraction and Ultraviolet Detection. 

J. Chromatogr. B: Biomed. Sci. App. 755. 383-386.



105

Watarai H. (1991). Microemulsion Electrokinetic Choromatography. Chemistry 

Letters. 20. 391-394.

Way, B. A., Wilhite, T. R., Smith, C. H., Lande, M. (1997). Measurement of Plasma 

Ibuprofen by Gas Chromatography-Mass Spectrometry. J. Clin. Lab. 336

339.

Wouters, J., Quere, L., Thorston, D. E., Fox, D. and Martinez, A. (2011). 

Pharmaceutical Salts and Co crystals. 1st Edition. India. RSC Publishing 140.

Yang, X., Wang, F. and Hu, S. (2008). Enhanced Oxidation of Diclofenac Sodium at 

a Nano-structured Electrochemical Sensing Film Constructed by Multi-wall 

Carbon Nanotubes-Surfactant Composite. Mater. Sci. Eng. C. 28. 188-194.

Zhang, P., Xu, G., Xiong, J., Zheng, Y., Shi, X., Yang, Q. and Wei, F. (2003). 

Enhancing the Sensitivity of Capillary Electrophoresis using a Microcolumn 

Solid Phase Extraction Setup. J. Sep. Sci. 26 (17). 1527-1532.

Zhao, L. and Lee, H. K. (2001). Determination of Phenols in Water using Liquid 

Phase Microextraction with Back Extraction Combined with High- 

performance Liquid Chromatography. J. Chromatogr. A. 931. 95-105.

Zhao, L. and Lee, H. K. (2002). Liquid-Phase Microextraction Combined with 

Hollow Fiber as a Sample Preparation Technique Prior to Gas 

Chromatography/Mass Spectrometry. Anal. Chem. 74. 2486.




