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ABSTRACT. A micellar electrokinetic chromatography (MEKC) method for quantitative 

determination of ketorolac, a non-steroidal anti-inflammatory drug (NSAID) in tablet and 

water samples is reported. Optimization of MEKC conditions were carried out by changing 

the sodium dodecyl sulfate (SDS) concentration, borate buffer (pH 9.3) concentration, and 

applied voltage. The optimized MEKC method using 30 mM SDS, 10 mM borate buffer 

(pH 9.3) and 30 kV applied voltage has been successfully applied for the determination of 

ketorolac in tablet sample with analysis time less than 5 min. The average recovery of 

ketorolac in tablet sample was 97.56% (RSD = 0.75%). On-line preconcentration technique 

in MEKC was then investigated to increase detection sensitivity of ketorolac. A sensitivity 

enhancement factor of 6-fold was achieved using the normal stacking mode (NSM)-

MEKC. The average recovery of ketorolac in spiked tap water sample was 102.16% (RSD 

= 0.06%). The present NSM-MEKC method was simple, short analysis time, high 

accuracy and environmentally friendly. 

 

 

INTRODUCTION 

Ketorolac, a non-steroidal anti-inflammatory drug (NSAID), is primarily used for the treatment of 

postoperative pain and has been shown to have opioid-sparing effects and reduces opioid-related side effects. 

Ketorolac tromethamine is the first NSAID approved for parenteral use. It is used for a variety of clinical 

indications, but is mainly administered for the management of postoperative pain. It can also be used for 

treatment of cancer-related pain, for pain after cesarean delivery, and in the emergency department for treatment 

of migraine headaches, renal colic, musculoskeletal pain, and sickle cell crisis. Ketorolac has been used safely 

and effectively in select pediatric populations but at present is not recommended for use in children under the 

age of 17 (Nalini Vadivelu et al., 2017). Chemical structure of ketorolac is shown in figure 1. Several methods 

for determination of ketorolac have been reported, such as spectroscopic (Settaluri and Division, 2015; Narayana 

et al., 2015), liquid chromatography (Sunil et al., 2017; Khairnar and Anantwar, 2014) (Selvadurai Muralidharan 

and Subramani, 2013), and capillary electrophoresis methods  (Alba Macia et al., 2007; Orlandini et al., 2004).  

Micellar electrokinetic chromatography (MEKC), a hybrid of electrophoresis and chromatography 

introduced by Terabe in 1984 (Terabe et al., 1984), has become popular as a powerful technique for improving 

separation efficiency not only of neutral analytes but charged ones by using a capillary electrophoresis (CE) 

instrument without any alteration (Rezende et al., 2020; Ciura et al., 2020; Ko et al., 2019; Fan Gao and Xiao-

Fei, 2019; Michael et al., 2013; Silva, 2011). In MEKC, an anionic surfactant is used as a pseudostationary phase 
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that corresponds to the stationary phase in conventional chromatography and the surrounding aqueous phase to 

the mobile phase. The separation principle of analytes is based on their differential partitioning between the 

aqueous phase and the micellar phase.   

Poor concentration sensitivity in CE is mainly due to the small amount of sample injected (1 – 10 nL) and 

a short optical pathlength equal to the capillary diameter, for absorbance detectors (Peng et al., 2020; Roberto 

Gotti et al., 2019; Marta Gładysz et al., 2018; Hermawan et al., 2011). One possible solution is to use highly 

sensitive detectors for laser-induced fluorescence or electrochemical measurements. Another solution is to use 

extended optical path length cells such as a bubble cell or Z-type cell, which can increase sensitivity with a 

minimal decrease in resolution. However, all these methods require rather expensive and somewhat complex 

hardware or time consuming procedures. A more promising choice for increasing concentration sensitivity is on-

line sample preconcentration, in which a sample plug longer than normal is injected and focused inside the 

capillary before separation. Either pressurized (also known as hydrodynamic) or electrokinetic injection can be 

used. Sample stacking and sweeping are known as two on-line sample preconcentration techniques for 

enhancement of the concentration sensitivity in MEKC (Lin et al., 2016; Minglei Wu et al., 2015; Mal et al., 

2011; Wan Ibrahim et al., 2010). 

The aim of the present work was to develop the MEKC method for the quantitative determination of 

ketorolac in pharmaceutical (tablet) sample. The proposed MEKC method for ketorolac analysis is simple, rapid 

analysis, high accuracy and requires minimal organic solvent used (environmentally friendly). 

 

 

 

 

 

 

 

 

 

 

Figure 1. Chemical structure of ketorolac 

 

METHODS 

Materials 

Ketorolac was purchased from Sigma-Aldrich (St Louis, MO, USA). Sodium dodecyl sulphate (SDS) 

was purchased from Fischer Chemicals (Loughborough, Leics, UK). Sodium hydroxide and sodium tetraborate 

anhydrous were purchased from Merck (Darmstadt, Germany). Organic solvents (HPLC grade) were purchased 

from J.T Baker (Pennsylvania, USA). Deionized water (DI) was purified by Millipore Simplicity (Simpak®2) 

(Barnstead, USA). Working standard solutions were prepared by appropriate dilution of standard stock solution  

with methanol. The standard stock was stored in refrigerator until needed.    

Instrumentation 

A CE system from Agilent Technology (7100, Waldbronn, Germany) equipped with DAD operating at 

320 nm wavelength was used for the analysis. Uncoated fused-silica capillary of 50 µm inner diameter (I.D.) 

with a total length of 64.5 cm (56 cm to detector) was used for the separation process. Analytical data were 

collected from CE system (Chromatography Station CSW 1.7). A 30 min of conditioning process with 1.0 M 

NaOH was performed for every new capillary before it was used. The new capillary was then equilibrated with 

DI water for 30 min, followed by 0.1 M NaOH for 15 min and DI water for 15 min, and finally with the BGE 

solution for 10 min. In all cases, hydrodynamic injection was used at 50 mbar for 5 s (5 nL sample volume) at 

the capillary inlet to optimize the separation. The capillary was pre-conditioned for 2 min with the BGE solution 

and post-conditioned with 0.1 M NaOH and DI water for 2 min between every analysis. 

Validation Procedure 

The performance of the method was examined in terms of linearity, repeatability, limit of detection 

(LOD), limit of quantification (LOQ) and sensitivity enhancement factor (SEF) or increase in detection 

sensitivity. Linearity of the optimized method was assessed by construcing the calibration curve of peak area (n 
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= 3) against with the concentration of standard ketorolac (at the linear range). The repeatability was recognized 

in term of relative standard deviation (%RSD, n = 3). The limit of detection (LOD) and limit of quantification 

(LOQ) were determined by the calibration curve along with the signal to noise ration (S/N) as 3 and 10, 

respectively.   

 

RESULTS AND DISCUSSION 

Optimization is carried out with several parameters to get the optimum conditions from MEKC. Some 

of the parameters used include the effect of borate buffer concentration, the effect of SDS concentration, and the 

effect of applied voltage has been observed. The optimum results from these parameters are used to validate and 

determine the levels of analyte in the sample. 

The effect of borate buffer concentration (pH 9.3) was evaluated in this study, ranging from 5 to 15 

mM. A pH 9.3 was selected in this study in order to increase the lifetime of the capillary since higher pH 

degraded the silica inner wall of the capillary rapidly (Hermawan et al., 2011).  Using borate buffer of low-ionic 

strength resulted in the generation of low currents. As can be seen in Figure 2, it was found that increase in the 

concentration of borate buffer from 5 to 15 mM caused increase in the migration time of ketorolac. A 10 mM 

borate buffer was selected for optimal concentration since it yielded higher of peak height than 5 mM borate 

buffer, and faster migration time than 15 mM borate buffer. This buffer concentration was employed in all 

subsequent investigations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Electropherogram of ketorolac with different concentration (mM) of borate buffer (pH 9.3) 
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The effect of SDS concentration was also evaluated in this study, ranging from 25 to 35 mM (with 10 

mM borate buffer concentration pH 9.3). As can be seen in Fig. 3, It was found that the migration times of the 

ketorolac was not significantly increased. A 30 mM SDS was selected for optimal concentration since it yielded 

highest of peak height. This concentration was employed in all subsequent investigations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Electropherogram of ketorolac with different concentration of SDS (mM) 

 

In addition, effect of applied voltage was also optimized for the MEKC method and it was found that the 

best applied voltage was obtained at 30 kV. Lower applied voltage than 30 kV was found to increase migration 

time. The electropherogram is shown in Figure 4. Since shorter analysis time is more applicable during analysis, 

30 kV was chosen as the best applied voltage. Applied voltage of 30 kV was employed in all subsequent 

investigations by MEKC.  

 

 

 

 

 



5 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Electropherogram of ketorolac with different applied voltage (kV) 

     The performance of the method was examined in terms of linearity, reproducibility, limit of detection 

(LOD), and limit of quantification (LOQ). Linearity of the optimized method was assessed by constructing 

the calibration curve of average peak areas (n = 3) against the concentration of ketorolac standards (at the 

linear range). The reproducibility in the migration time, peak area, and peak height were recognized in terms 

of the relative standard deviation (RSD %, n = 3). The LOD was determined from the calibration curve 

along with the signal-to-noise ratio (S/N) as 3 and the LOQ as S/N = 10. The excellent linearity was 

obtained in the range of concentration from 50 to 200 µg/mL with good linearity (r2 = 1.00). The LOD and 

LOQ of ketorolac standard were determined by the calibration curve along with signal to noise (S/N) as 1.04 

µg/mL and 3.46 µg/mL, respectively.  

            This result is better than the previous study on the determination of ketorolac by the liquid 

chromatography method (Sunil et al., 2017), in term of linearity and rapid analysis time. In their study, 

range of concentration from 50 to 150 μg/mL (correlation coefficient (r) of 0.999) and retention time within 

6 min. Electropherogram of ketorolac standard by the optimized MEKC method is shown in Figure 5 (A), 

with migration time of ketorolac within 5 min. In addition, the electropherogram of ketorolac in tablet 

sample by the optimized MEKC method is presented in Figure 5 (B). The average recovery of ketorolac in 

tablet sample was 97.56% (RSD = 0.75%, n=3).  
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Figure 5. Electropherogram of (A) 100 µg/mL ketorolac standard; and (B) ketorolac in tablet sample; by the 

optimized MEKC method  

 

       

CONCLUSIONS 

Application of micellar electrokinetic chromatography (MEKC) method for the analysis of ketorolac in 

tablet sample is reported. The optimized MEKC method using 30 mM SDS, 10 mM borate buffer (pH 9.3) and 

30 kV applied voltage was applied for the determination of ketorolac in tablet sample with average recovery of 

ketorolac in tablet sample was 97.56% (RSD = 0.75%). The run time was within 5 min which enabled a rapid 

quantification of many samples in routine and quality control analysis of ketorolac. This result can be used as a 

preliminary study for ketorolac analysis.   
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