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Introduction 

Pregabalin (the S-enantiomer of gamma-aminobutyric 

acid, Figure 1) is a beta amino acid used for treatment of 

epileptic patients, central nervous system disorders and 

neuropathic pains.1 Mechanism of action of pregabalin is 

based on structure similarity to endogenous inhibitory 

neurotransmitter gamma-aminobutyric acid.2 This drug 

might be abused by patients with opiate addiction.3 

Therefore, its determination in biological fluids, by a 

simple and sensitive analytical method, can help in dose 

adjustments and toxicity prevention. Different analytical 

methods have been employed for determination of 

pregabalin in a variety of matrices such as 

spectrophotometry,4,5 spectrofluorimetry,6 gas chroma-

tography,7 high-performance liquid chromatography-

mass spectrometry (HPLC-MS),8-10 ultra-performance 

liquid chromatography-tandem mass spectrometry 

(UPLC-MS/MS),11-13 electrospray ionisation–tandem 

mass spectrometry (ESI-MS/MS),14 and nuclear magnetic 

resonance spectroscopy (NMR).15 However, only a few 

studies were performed based on capillary electrophoresis 

(CE) separation for quantification of pregabalin.15,16 Béni 

et al15 have reported a CE-NMR method for the chiral sep-

aration of pregabalin isomers. They employed a 

derivatization step with tosyl- and dansyl-chloride to 

introduce strong UV chromophore of different size. 

Rodríguez et al16 have reported a nonaqueous CE-TOF-

MS for determination of pregabalin in urine samples. 

Although the advantages of these methods are undeniable; 

however, they have important limitations and problems 

that are related to need a sample preparation system, time 

consuming, expensive and/or complicated analysis 

systems and hard operation. In the last decades, the use of 

CE method as an alternative or complementary approach 

to LC methods has increased in pharmaceutical analysis 

due to its good separation efficiency, selectivity, 

specificity and extremely low sample used and very short 

analyze time.17 However, CE methods present relatively 

low sensitivity because of the small volume of sample 

injected (< 10 µL) and the short optical path. An 

alternative method to improve detection limit for 

compounds with no suitable chromophore or fluorophore 

is indirect UV detection.18 The indirect UV detection is 

based upon the using a high chromophoric probe as a 

background electrolyte (BGE) without any covalent bond 

and detection of desired analyte by hypsochromic shift 

observed in electropherogram of probe proportional with 

analyte concentration.19 The molecular structure of probe 

must be similar to the analyte with the same 

electrophoretic mobility for the analyte. Some compounds 

which can be used as a probe in indirect UV detection 

method are benzoate, sodium dodecyl sulfate (SDS), 5-
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aminosalicylic acid (5-ASA), sulphosalicylic acid, 

tryptophan and so on.20 Indirect UV detection without any 

chemical derivation is a simple and robust method for 

drug analysis in clinical and industrial applications.21  

 
Figure 1. Structure of pregabalin. 

 

On-line pre-concentration of analytes in CE technique is 

another way which could cover the low sensitivity of CE 

systems.22 Among the various on-line pre-concentration 

techniques,23,24 field-amplified sample injection (FASI) is 

very popular and simple method which takes advantage 

of the higher amount of analytes introduced into the 

capillary when electrokinetic injections are applied. 

The objective of this work was to develop a micellar 

electrokinetic chromatographic (MEKC)/ indirect UV 

detection procedure with hydrodynamic and 

electrokinetic sample injection mode which would serve 

as reliable and rapid methods for the determination of 

pregabalin in the biological samples. Quality factors 

including limits of detection (LODs), limits of 

quantification (LOQs), linearity, run-to-run precision, and 

accuracy were established for the developed method.  

 

Materials and Methods 

Reagents and solutions 

Pregabalin powder was purchased from sobhan darou 

company (Iran). 5- ASA, (Sigma, USA), tri-sodium 

citrate dihydrate (Scharlau, Spain), sodium hydroxide 

(NaOH, Merck, Germany), hydrochloric acid 36% (Carlo 

Erba, Italy), cetyl trimethylammonium bromide (CTAB, 

Merck, Germany), methanol (Merck, Germany), acetone 

(Scharlau, Spain), and acetonitrile (Scharlau, Spain) were 

used materials in this work. Deionized water (Shahid 

Ghazi Pharmaceutical Company, Iran) was used 

throughout this study. Standard stock (400 mg L-1) 

solution of pregabalin was prepared by dissolving 

appropriate amount of it in deionized water and stored in 

4 ᵒC. Different concentrations of pregabalin were 

obtained by diluting standard stock solutions. BGE 

solution composition was 10 mmol L-1 5-ASA, 1 mmol L-

1 CTAB and 4 % (w/v) tri-sodium citrate and was 

prepared freshly every day.  

 

Instrumentation and CE condition 
A CE instrument (Agilent technologies 7100, Germany) 

coupled with a diode array detector (DAD 190-600 nm) 

was used for analysis. Agilent Chemstation (Germany) 

software was applied for instrument controlling and data 

mining. Separation was performed on a bare fused silica 

capillaries (50 cm length, 41.5 cm effective length and 75 

µm ID.) purchased from Agilent Technology. Each new 

capillary have been rinsed with NaOH (1.0 mol L-1) for 

30 min, deionized water for 20 min and BGE for 30 min, 

sequentially. Each run started with washing the capillary 

sequentially with 0.1 mol L-1 NaOH and deionized water 

for 3 min. Detection was recorded at 215 nm. pH was 

adjusted using a Metrohm® pH meter (Herisau, 

Switzerland). 

 

Sample preparation  

Drug free serum samples for method development and 

validation purposes were provided by healthy volunteers 

who had not received any medical therapy and stored in –

20 ᵒC until analysis. Serum samples were thawed at room 

temperature and then spiked with an appropriate amount 

of pregabalin stock solution. To prepare serum samples, 

they were treated with 1 mL acetone. After vortex-

mixing, these samples were centrifuged at 14,000 rpm for 

10 min. The supernatant was collected at a glass vial and 

the pH of the solution was adjusted to nearly 11 and an 

appropriate aliquot of this solution was taken for analysis. 

 

Result and Discussion 

Composition of BGE  

As pregabalin lack of a strong UV chromophore, a MEKC 

method with indirect UV detection was used for the 

analysis. For this purpose, 5-ASA was used as probe since 

it provided excellent capacity for inorganic compounds by 

indirect UV detection. A decrease proportional with the 

concentration of pregabalin in the background absorbance 

at a wavelength of 215 nm corresponds to 5-ASA as a 

chromophore was observed which can be used to the 

quantification of pregabalin in sample solutions. The 

effect of of 5-ASA concentration on signal intensity was 

investigated in the range of 8-14 mmol L-1 and 10 mmol 

L-1 was chosen as the optimum concentration (Figure 2a). 

In an oxygenated basic solution, 5-ASA is rapidly 

decomposed. Two degradation pathways are considered 

for 5-ASA: decarboxylation and oxidation of aromatic 

ring.25 The initial studies show that 5-ASA can be 

stabilized in alkaline solution in the presence of tri-

sodium citrate. Citrate salt acts as an antioxidant agent 

and protects 5-ASA from oxidation reactions.26 Tri-

sodium citrate concentration in the BGE was studied 

between 2-6% w/v, and the results (Figure 2b) shown that 

the highest signal intensity was achieved when 4% w/v 

tri-sodium citrate was added in to the BGE.  

MEKC mode was obtained with the addition of CTAB to 

the BGE. The effect of surfactant concentration on the 

analytical signal was examined and the results are shown 

in Figure 2c. As can be seen the signal intensity increased 

and continued to increase until 1 mmol L-1 later, when a 

plateau was reached. 1 mmol L-1 is higher than CMC 

value of CTAB (0.97 mmol L-1) and the its molecules tend 

to form micelles.27 This cationic surfactant is used for 

inverse electroosmotic flow (EOF) direction due to 

creating positively charged at the internal surface of the 

capillary. Beside reversed EOF, a negative polarity was 

applied for fast mobility of the negative compounds 
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existing in alkaline pH of BGE (i.e. pregabalin as analyte 

and 5–ASA as a probe). In this case, EOF and 

electrophoretic mobility of anionic compound have the 

same direction toward the detector (anode), whereas, 

cationic micelle migration direct is in opposite direction 

of EOF. So, a sweeping and pre-concentration of analyte 

in the narrow boundary was occurred in the short analysis 

time (5 min). 

  

 
Figure 2. Effect of (a) 5-ASA concentration; [Conditions: voltage 
-25 kV, BGE pH=10, [tri-sodium citrate]=4% w/v, [CTAB]= 1 mmol 
L-1, T=20 ᵒC.] (b) tri-sodium citrate concentration; [Conditions: 
voltage -25 kV, BGE pH=10, [5-ASA]= 10 mmol L-1, [CTAB]= 1 
mmol L-1, T=20 ᵒC] and (c) CTAB concentration; [Conditions: 
voltage -25 kV, BGE pH=10, [5-ASA]= 10 mmol L-1, [tri-sodium 
citrate]= 4% w/v, T=20 ᵒC] on CE response in the presence of 100 

µg mL-1 pregabalin. 

 

Optimization of CE separation condition  

To accomplish the optimum conditions for CE separation, 

the effects of several parameters such as separation 

voltage, injection time, cassette temperature, pH of BGE 

and organic modifier on the analytical signal were 

investigated by one-at-a-time method as a logical 

approach to evaluate the set of factors involved in 

separation. All measurements were repeated three times. 

 

 
Figure 3. Optimization of condition of hydrodynamic injection 
mode. (a) Applied voltage; (b) time; (c) temperature; and (d) pH 
in the presence of 5 µg mL-1 pregabalin. Conditions: [5-ASA]=10 
mmol L-1, [tri-sodium citrate]=4% w/v, [CTAB]= 1 mmol L-1. 
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Optimization of condition of hydrodynamic injection 

mode  

In order to ensure that the maximum amount of sample is 

introduced into the capillary, the injection parameters, 

including the applied voltage and injection time, should 

be optimized. Optimization of applied voltage is crucial 

step in method development of CE. Applying high voltage 

produce a joule heating and a peak broadening was 

observed for analytical signals. The influence of applied 

voltage on the analytical signal was investigated in the 

range from -15 to -30 kV (Figure 3a) and potential of -25 

kV is chosen which obtained the best compromise in 

terms of run time, current generated and linearity between 

voltage and current. The influence of the injection time on 

the analytical signal was also studied as another important 

factor (Figure 3b). For higher injection times (>25 s), a 

peak tailing and broadening were observed due to sample 

overloading in capillary; so injection time of 25 s was 

selected for further experiments. The effect of 

temperature on CE separation can be interpreted with 

different mechanisms, e.g. viscosity, joule heating and 

migration time.28 Different capillary column temperatures 

were checked in the range of 13–30 ᵒC. As can be seen 

from Figure 3c, the best signal was achieved at 15 ᵒC. 

Higher temperatures of column produce noisy 

background and signal intensity was decreased at low 

temperatures (<15 ᵒC).  

As pH affects the ionization state of the analyte and the 

capillary wall, which in turn influences the magnitude of 

the EOF, pH optimization is considered as an important 

step in CE analysis. The effect of pH of BGE was 

investigated in the range of 10–12 (Figure 3d). pKa value 

of pregabalin was 4.2 and 10.6, thus it is in anionic form 

at pH > 11. As has been already described, pregabalin in 

its anionic form has a fast mobility in the applied negative 

polarity which gave good resolution, peak shapes and 

short run time for analysis. Thus, pH of 12 was selected 

as optimum value for further experiments. The migration 

of compounds under study (pregabalin and 5-ASA) was 

decreased with decrease of pH. 

 

Optimization of condition of FASI mode 

To reach the high detection sensitivity and improvement 

of LOD, FASI was employed as an on-line pre-

concentration method. Injection in FASI mode is based on 

electrokinetic mode. The following equation was utilized 

to estimate the sensitivity enhancement factor (SEF) of 

the FASI in terms of the peak heights:29 

Hight with field amplified injection
SEF = × dilution

Hight with conventional injection
                 

Eq. (1) 

Injection conditions in FASI mode were also optimized. 

The samples were processed at different injection times, 

applied voltage and pH to obtain maximal sensitivity. The 

injection time was evaluated in the range of 30–180 s and 

the best results were obtained for 150 s (Figure 4a).  

The applied injection voltage was varied over the range of 

-5 to -12 kV and the highest peak intensity and symmetry 

were achieved for -10 kV (Figure 4b). Using of low 

conductivity solvent prior to sample injection has been 

proven to enhance the sensitivity for FASI mode. 

 

 
Figure 4. Optimization of condition of FASI mode. (a) Time; (b) 
applied voltage; (c) plug time of water; and (d) pH in the presence 
of 50 µg mL-1 pregabalin. Conditions: [5-ASA]= 10 mmol L-1, [tri-
sodium citrate]=4% w/v, [CTAB]= 1 mmol L-1. 
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Therefore, a short plug of water was injected using 

hydrodynamic mode from 1 to 4 s. Increasing the 

injection time beyond 2 s disturbed the peak shape and 

intensity (Figure 4c), thus the water plug was injected at 

50 mbar for 2 s.30 Nevertheless, after one electrokinetic 

injection, peak height and thus repeatability dramatically 

decreased. Electrophoretic mobility of the analyte may be 

influenced by pH. The pH values were adjusted to a range 

of 9–12 and pH of 10.5 was selected as an optimum value 

(Figure 4d). Under the optimum conditions, a sensitivity 

enhancement of 10-fold (SEF=10) was achieved in serum 

samples. 

 

Optimization of organic modifier 

Effect of addition two organic modifiers i.e. methanol and 

acetonitrile on the peak shape and intensity was also 

investigated. The concentrations were varied from 10 to 

20% (v/v) and the best signal was obtained in absence of 

organic modifiers.  

 

Analytical figures of merit 

The described MEKC/indirect UV detection method has 

been extensively validated for assay. Under optimum 

condition, linearity was checked by preparing standard 

solutions at seven different concentration levels ranging 

from 1.5 to 100 μg mL-1. The average of three calibration 

curves constructed on three nonconsecutive days was 

used for linearity investigations. The equation for 

calibration curve is Y = 15.962X + 2.4954, where Y is the 

peak area of obtained electropherogram and X is the 

concentration of pregabalin in μg mL-1. The correlation 

coefficient was found to be >0.999, indicating good 

linearity. The LOD and LOQ, defined as      3Sb/m, and 10 

Sb/m (where Sb is the standard deviation of the blank and 

m is the slope of the calibration curve), were 0.8 and 2.6 

μg mL-1, respectively.The precision of the proposed 

method, defined as the closeness of the calculated values 

to each other, was evaluated by repeated analysis of three 

concentration of pregabalin (i.e. 3, 12.5, 50 μg mL-1) 

during the course of experimentation on the same day and 

on different days under the optimized experimental 

conditions. Overall relative standard deviation (%RSD) 

values of assay was found to be 4.6% and 8.0% for intra-

day and inter-day analyses, respectively.  

 
Table 1. Study of accuracy and recovery of spiked samples with 
different amounts of pregabalin.  

Nominal  
concentration 
(μg mL−1) 

Found  
concentration 
(μg mL−1) 

RE  
(%) 

RSD 
(%) 

Recovery  
(%) 

3.0 3.09 ± 0.10 +0.09 3.2 103.0 
12.5 12.51 ± 0.31 +0.01 2.4 100.1 
50 49.8 ± 2.75 -0.20 5.5  99.6 

 

To verify the accuracy of the established procedure, 

recovery experiments were carried out by spiking the 

samples with different amounts of pregabalin. As can be 

seen from Table 1, the relative recoveries between 99.6 

and 103.0% were obtained, confirming the accuracy of 

the presented method.  

Conclusion  

A MEKC/indirect UV detection method with 

hydrodynamic and electrokinetic injection mode have 

been developed and validated for the quantitative 

determination of pregabalin in serum samples. The 

developed method, as an alternative to existing LC 

methods, is suitable for routine use and offers advantage 

of simplicity of operation, flexibility and low cost. The 

proposed method could be applied to the determination of 

pregabalin in the serum samples.  
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