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Abstract 

Capillary electrophoresis (CE) has emerged as a versatile and high-efficiency 

analytical technique in pharmaceutical quality control. CE allows rapid 

separation of charged and neutral molecules based on their electrophoretic 

mobility, providing precise and reproducible analysis with minimal sample 

and solvent consumption. It has applications in drug purity assessment, 

impurity profiling, enantiomeric separation, and monitoring degradation 

products. This paper reviews principles, instrumentation, method 

development, sample preparation strategies, and applications of CE in 

pharmaceutical quality control. Emphasis is placed on the advantages of CE, 

including high resolution, rapid analysis, and environmental sustainability. 

Integration with detectors such as UV, fluorescence, and mass spectrometry 

further enhances sensitivity and selectivity. Implementing CE in quality 

control ensures compliance with regulatory standards and supports efficient, 

cost-effective pharmaceutical manufacturing. 
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INTRODUCTION 

Quality control in pharmaceuticals is essential to ensure drug safety, efficacy, and compliance 

with regulatory standards. Analytical methods capable of separating, identifying, and 

quantifying active pharmaceutical ingredients (APIs), impurities, and degradation products 

are critical in this process. Capillary electrophoresis (CE) is an advanced technique based on 

the differential migration of ions under an electric field. CE provides high resolution, rapid 

analysis, and minimal reagent consumption compared to traditional chromatographic 

techniques. Its applications span from routine purity testing to complex enantiomeric 

separations, impurity profiling, and stability studies. The combination of CE with advanced 

detectors, such as UV, fluorescence, and mass spectrometry, enhances its applicability in 

pharmaceutical quality control. 

 

PRINCIPLES OF CAPILLARY ELECTROPHORESIS 

CE separates analytes based on their charge-to-size ratio under an applied electric field. The 

technique involves a narrow fused-silica capillary filled with an electrolyte buffer. When 

voltage is applied, charged analytes migrate towards the oppositely charged electrode at 

different velocities, resulting in separation. Key modes of CE include: 

 Capillary Zone Electrophoresis (CZE): Separation based on ionic mobility in a 

homogeneous buffer. 

 Micellar Electrokinetic Chromatography (MEKC): Separation of neutral and charged 

molecules using micelles. 

 Capillary Gel Electrophoresis (CGE): Size-based separation using gel-filled capillaries. 

 Capillary Isoelectric Focusing (CIEF): Separation based on isoelectric points of 

proteins and peptides. 

 

INSTRUMENTATION AND DETECTION 

CE instrumentation includes a high-voltage power supply, capillary, buffer reservoir, sample 

injector, and detector. Common detection systems include UV-Vis, laser-induced 
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 fluorescence (LIF), and mass spectrometry (CE-MS). CE-MS offers high sensitivity and 

structural characterization, making it suitable for complex pharmaceutical analysis. 

 

Table 1: Comparison Of Ce Modes And Applications 

CE 

Mode 
Principle Applications Advantages Limitations 

CZE Ionic mobility 
Drug purity, small 

ions 

High resolution, 

simple buffer 

Limited for neutral 

compounds 

MEKC 
Micelle-assisted 

separation 

Neutral and charged 

drugs 

Separates neutral 

molecules 
Requires surfactants 

CGE 
Size-based 

separation 
Proteins, peptides Size discrimination 

Gel handling 

complexity 

CIEF 
Isoelectric 

focusing 

Protein/peptide pI 

analysis 
High resolution 

Sensitive to pH 

changes 

Table 1 provides an overview of CE modes with their principles and applications in 

pharmaceutical analysis. 

 

SAMPLE PREPARATION STRATEGIES 

CE requires minimal sample preparation compared to HPLC or GC, yet removal of 

particulates and matrix components is essential for reproducibility. 

Filtration and Centrifugation 

Removes particulate matter from pharmaceutical formulations and biological fluids. 

 

Dilution and Buffering 

Adjusting sample pH and ionic strength improves analyte solubility and separation efficiency. 

 

Derivatization 

Enhances detectability of non-UV-absorbing compounds for fluorescence or CE-MS 

detection. 
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 Table 2: Sample Preparation Methods For Ce Analysis 

Method Principle Applications Advantages Limitations 

Filtration 
Removal of 

particulates 

Formulations, 

biological fluids 
Simple, quick 

Does not remove 

soluble 

interferences 

Dilution & 

Buffering 

pH and ionic 

adjustment 

Small molecules, 

peptides 

Improves 

separation, 

reproducible 

May dilute analytes 

excessively 

Derivatization 
Chemical 

modification 

Non-UV analytes, 

chiral drugs 

Enhances 

detection 

Additional steps, 

time-consuming 

Table 2 summarizes common sample preparation methods for CE analysis in 

pharmaceuticals. 

 

APPLICATIONS OF CE IN PHARMACEUTICAL QUALITY CONTROL 

Drug Purity and Assay 

CE provides accurate determination of API content in formulations with high resolution and 

minimal solvent use. 

 

Impurity Profiling 

Identification and quantification of related and degradant impurities ensures product safety 

and regulatory compliance. 

 

Chiral Separation 

CE efficiently separates enantiomers using chiral selectors or cyclodextrins, essential for 

drugs with stereospecific activity. 

 

Stability Studies 

CE monitors drug degradation under stress conditions, supporting formulation development 

and shelf-life determination. 
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 Table 3: Applications Of Ce In Pharmaceutical Quality Control 

Application Description Benefits 

Drug Purity 
Quantification of API in dosage 

forms 
High resolution, minimal sample 

Impurity 

Profiling 

Detection of related/degradant 

impurities 
Regulatory compliance, safety 

Chiral Separation Separation of enantiomers 
Ensures therapeutic efficacy, avoids 

toxicity 

Stability 

Monitoring 
Analysis under stress conditions 

Shelf-life determination, formulation 

optimization 

Table 3 outlines key pharmaceutical applications of CE in quality control. 

 

ADVANTAGES AND LIMITATIONS 

Advantages of CE include rapid analysis, high separation efficiency, low sample and solvent 

requirements, and versatility for a range of analytes. Coupling with MS enhances sensitivity 

and structural characterization. Limitations involve lower sample capacity compared to 

HPLC, sensitivity to buffer composition, and requirement of skilled operation. 

 

CONCLUSION 

Capillary electrophoresis is a powerful tool in pharmaceutical quality control, offering rapid, 

high-resolution, and reproducible analysis of drugs, impurities, and enantiomers. Its minimal 

solvent use and compatibility with advanced detectors make CE an environmentally friendly 

and efficient alternative to traditional chromatographic methods. Proper sample preparation, 

method optimization, and validation are essential to ensure accuracy, precision, and 

compliance with regulatory standards. Integration of CE with mass spectrometry further 

extends its applicability to complex formulations and biological samples. CE plays a pivotal 

role in ensuring drug quality, safety, and efficacy, supporting pharmaceutical development 

and regulatory compliance. 
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