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A B S T R A C T 

High performance capillary electrophoresis is a separation technique in which the analysis is separated on the basis of 
differences in their charge to size ratios. This makes high performance capillary electrophoresis suitable for the analysis of 
molecules with abroad range of sizes, charge and hydrophobicity, as proteins and peptides. Another attractive feature of high 
performance capillary electrophoresis is its ability to handle minute sample amounts, with Nano litre injection volumes, 
which makes it ideal for applications when the sample volumes are limited, as often as the case in analysis of body fluids, 
single cells and other small volume analysis of bio fluids. Electrophoresis is performed in narrow bore, fused silica 
capillaries.  
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1. Introduction 
Liquid Chromatography (HPLC) and Gas Chromatography 
(GC) the separating force is the difference in affinity of the 
sample components to a stationary phase, and or difference 
in boiling point. With both techniques the most important 
factor is the polarity of a sample component. Along with 
the uses it also has certain disadvantages like sensitivity 
issues, sample stacking issues, lack data regarding 

reliability, and reproducibility of methods, no 
standardization methods for determining appropriate test 
conditions for unknown sample. So it has been modified 
into High Performance Capillary Electrophoresis. The High 
Performance capillary Electrophoresis instrument combines 
a unique detection system with power partical tracking and 
data interrogation algorithms to deliver unrivalled capillary 
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Current State and Development 

Capillary electrophoresis is a rapidly growing separation 
technique. One of the greatest advantages is its diverse 
application range. Originally considered primarily for the 
analysis of biological macromolecules, it has proved useful 
for separations of compounds such as amino acids, chiral 
drugs, vitamins, pesticides, inorganic ions, organic acids, 
dyes, surfactants, peptides and proteins, carbohydrates, 
oligonucleotides and DNA restriction fragments, and even 
whole cells and virus particles. While numerous advances 
are being made in Capillary electrophoresis, the technique 
is still in a development and growth stage. The number of 
publications per year on Capillary electrophoresis has risen 
from about 90 in 1983, to about 140 in 1987, to more than 
300 in 1991. Incumbent with new technology is a lag time 
between published results generated by researchers 
developing the technique and the formation of a workable 
knowledge-base for the user. Scientists should be aware 
that Capillary electrophoresisis not totally mature, relative 
to HPLC for example. Both development of the theory and 
its application to separation problems are still somewhat 
incomplete. 
Characteristics of High Performance Capillary 

Electrophoresis 

• Electrophoresis performed is a narrow-bore fused 
silica capillaries. 

• High voltages and high electric fields are applied 
across the capillary. 

• High resistance of the capillary limits the current 
generation and internal heating. 

• High efficiency and short analysis time. 
• Detection performed on the capillary itself (no 

external detection). 
• Simple methods development, automated 

instrumentation 
Principle 

In high performance capillary electrophoresis a capillary is 
filled with a conductive fluid at a certain pH value. This is 
the buffer solution in which the sample will be separated.  
The sample is introduced in the capillary, either by pressure 
injection or electrokinetic injection. 

Sample Injection 
In CE, a low volume of sample is loaded into the capillary 
in order to maintain a high efficiency. Quantitative sample 
injection can be accomplished by two different modes: 

• Hydrodynamic injection: It can be accomplished 
by application of pressure at the injection end of 
the capillary (or vacuum at the exit end of the 
capillary. With hydrodynamic injection mode, the 
injected quantity of sample is directly related to 
the injection time and the pressure value 

• Electrokinetic injection: It is performed by 
applying a voltage (some kilovolts) at both ends of 
the capillary. With this voltage, analyte enters the 
capillary by migration and by action of the electro 
osmotic flow. The injected quantity of sample is 
directly related to the injection time, the voltage 
value, the electrophoretic mobility of the 
compound and the electro osmotic mobility. 

Transport processes in Capillary electrophoresis 

The Transport of chemical compounds inside the capillary 
is controlled by two phenomena: the electro osmotic flow 
and the electrophoretic migration. 
Electro osmotic flow (EOF) 

Under main aqueous conditions (pH > 2.5), silica narrow 
bore capillary surface possesses an excess of negative 
charges resulting from the ionization of silanol groups. 
Counterions (cations, in most cases) ; which build up near 
the surface to maintain charge balance, form a double-layer 
and create a potential (zeta potential) difference close to the 
capillary wall This electro osmotic flow can be modified, 
inversed or deleted by covalent or dynamic capillary wall 
modifications using surfactants or neutral or ionized 
polymers. 

 

Electrophoretic migration 

In CE, separation is related to the differential migration of 
compounds in an applied Electric field. The Electrophoretic 
Migration velocity is directly related to the electrophoretic 
mobility. The electrophoretic mobility depends on pH 
buffer, ionic strength, buffer composition and viscosity. 
Basic Theory of High Performance Capillary 

Electrohporesis 

Separation on electrophoresis is based on differential 
movement of charged species by attraction or repulsion in 
the electric field. The electrophoretic separation is 
performed in capillaries made of silica, typically 25-75 
micrometres in inner diameter, which are usually fused with 
a buffer .The use of high electrical fields results in short 
analysis time and high peak efficiency and resolution. Other 
properties that characterize capillary electrophoresis are the 
minimal sample volume requirements and its diversity of 
application. 
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electrophoresis performance background noise from buffer/ 
capillary conditios etc is drastically reduced resulting in 
superb resolution, accuracy and detection levels which 
would otherwise require the need of expensive distortion 
techniques. High performance capillary electrophoresis is a 
separation technique in which the analysis is separated on 
the basis of differences in their charge to size ratios. This 
makes high performance capillary electrophoresis suitable 
for the analysis of molecules with abroad range of sizes, 
charge and hydrophobicity, as proteins and peptides 
Separation by electrophoresis is obtained by differential 
migration of solutes in an electric field moreover, the large 
surface area-to-volume ratio of the capillary efficiently 
dissipates the heat that is generated. The use of the high 
electrical fields results in short analysis times and high 
efficiency and resolution. Peak efficiency, often in excess 
of 105 theoretical plates, is due in part to the plug profile of 
the electro osmotic flow, an electrophoretic phenomenon 
that generates the bulk flow of solution within the capillary. 



 

2. Instrumentation 

Detectors 

The high performance capillary electrophoresis system is 
equipped with a high sensitivity diode array detector. In 
high performance capillary electrophoresis the capillary 
itself acts as the detector flow cell. Unlike many detectors 
in high performance capillary electrophoresis 
instrumentation, the optical design of the high performance 
capillary electrophoresis detector has been specifically 
developed for uv-visible absorbance detection in capillary 
shape flow cell. 
Capillary Modification 

Modification of the inner wall in fused silica capillaries can 
be reasons. Different types of applications require different 
properties of the separation. For instance analyte-wall 
interaction can be prevented; in addition, modification of 
the electro osmotic flow can increase the speed of analysis, 
improve reproducibility and resolution or increase 
compatibility with MS detection. 
Sample Preparation 

The choice of sample preparation method is crucial in 
chemical analysis since it is often the most critical and time 
consuming step in the analytical chain. The isolation of 
proteins and peptides can be performed using various 
traditional sample preparation techniques such as 
homogenization, centrifugation, precipitation. The evolving 
field of proteomics has created a need for development of 
new sample preparation. 
Various Detection Modes in Capillary Electrophoresis 

The Capillary Zone Electrophoresis (CZE) is the most 
widely used mode due to its simplicity. CZE allows the 
analysis of ionized or ionizable compounds. Analytes are 
simply separated according to their charge/hydrodynamic 
radius ratio and migrate towards anode or cathode 
according to their charges. Neutral compounds are not 
separated with this separation mode. The running buffer is 
extremely important in CZE and is the same in both of 
separation vials.  
Micellar electrokinetic chromatography (MEKC): is one 
of the most widely used CE modes. This mode can be used 
for the separation of neutral compounds as well as charged 
ones. The separation is accomplished by the used of 
surfactants in the running buffer. At concentration above 

the critical micelle concentration, micelles are formed in the 
capillary. During migration, micelles can interact with 
neutral compounds in a chromatographic manner through 
both hydrophobic and electrostatic interactions. The more 
the neutral compounds interact with the micelle the longer 
is its migration time. 
Applications of High Performance Capillary 

Electrophoresis 

Proteomic Analysis:  

Proteomics concerns the characterization of the full 
complement of proteins in a specific organism, tissue or cell 
type at a given type. In short, proteomics is a field that 
involves the identification, characterization and 
quantification of proteins. This challenge can be used to 
analyze 10 000- 30 000 protein variants expressed in a 
mammalian cell and characterize all of them at a given 
time. 
Analysis of Proteomics Sample Analysis with High 

Performance Capillary Electrophoresis 

Capillary electrophoresis is able to provide fast and 
efficient separations of heterogeneous complex samples 
with low sample volume requirement, is becoming 
recognized as a suitable alternative among today’s 
bioanalytical approaches.  
Pharmaceutical Application 

• Identification an quantization of antibodies, their 
conjugates and complexes. For analyzing biotin in 
pharmaceutical formulations. 

• High performance capillary electrophoresis 
coupled to mass spectrometry to charecterise the 
purity and safety of biotechnology drugs. 

• Determination of matrine and oxymatrine in 
sophorasubprostata. 

• Direct detection endogenous histamine in rat 
peritonela mast cells by in-capillary derivatization. 

• Analysis of syntheic antidiabetic drugs in 
aldultered traditional chinese medicines. 

• Analysis and confirmation of synthetic anorexics 
in adultered traditional chinses medicines. 

• To analyse carbohydrates especially those in glyco 
proteins. Fractionation and high performance 
capillary electrophoretic analysis of phospholipids. 

• Determinaion of salbutamol enetiomers. 
• A reproducible, simple and sensitive high 

performance capillary electrophoresis method for 
simultaneous determination of capreomycin, 
ofloxacin and pasiniazide in urine. 

• Capillary electrophoresis with laser induced 
fluorescence in clinicsl drug developments. 

• Separation and quantitation of azimilide and its 
putative metabolites by high performance capillary 
electrophoresis. 

• High performance electrophoresis method for 
determination of ibuprofen enantiomers in human 
serum and urine. 
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The instrumentation needed to perform capillary 
electrophoresis is relatively simple. The system's main 
components are a sample vial, source and destination vials, 
a capillary, electrodes, a high voltage power supply, a 
detector, and a data output and handling device. The source 
vial, destination vial and capillary are filled with an 
electrolyte such as an aqueous buffer solution. In the most 
common mode of CE, all ions, positive or negative, are 
pulled through the capillary in the same direction by electro 
osmotic flow. Capillary electrophoresis was first combined 
with mass spectrometry by Richard D. Smith and co-
workers, and provides extremely high sensitivity for the 
analysis of very small sample sizes. A process called field-
amplified sample stacking (a form of isotachophoresis) 
results in concentration of analyte in a narrow zone at the 
boundary between the low-conductivity sample and the 
higher-conductivity running buffer 



 

destiny. We take this opportunity to express our deep sense 
of gratitude, respect to principal and Dr. R. Vani, HOD, 
Dept. of Pharm. Analysis, Shadan women's college of 
pharmacy, Hyderabad, for encouraging us during this work. 
 

4. Conclusion 
A good separation strategy before mass spectrometric 
detection is crucial ia a study involving the understanding 
of complex mixtures such as biological samples in 
proteomics profiling. The development of new methods is 
thus important in order to meet the nalytical challenges 
represented by the huge dyanamic range of concentrations 
and the complexity in biological samples. In high 
performance capillary electrophoresis, a problem that has 
hampered a reproducible seperation of proteins and 
peptides has been the protein wall adsorption phenomenon, 
especially emphasized with increased basicity of their 
molecules. This thesis also demonstrates the role of sample 
preparation as a key to improve the possibilities of using 
capillary electrophoresis- mass spectrometry in the 
proteomic analysis of high complex human body fluids. 
Finally, the thesis describes application of capillary 
electrophoresis in quantitative proteomic analysis with mass 
spectrometry and how capillary electrophoresis takes 
advantage of the properties of multiplexing strategies to 
circumvent the drawbacks of the injection and analyte 
migration time irreproducibilities. 
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