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Arne Tiselius, made a special machine called Tiselius apparatus to separate chemicals 

using electric current. Electrophoresis is defined as the migration of the charged 

particles through solution under the influence of an external electrical field. It has a 

wide application in separating and in analyzing the biomolecules such as protein, 

plasmids, DNA and RNA. Electrophoresis in 1930s types include capillary 

electrophoresis, immunoelectrophoresis, isoelectric focusing and isotachophoresis. 

Moving boundary electrophoresis is the method that allows the charged species to 

migrate within a free moving solution in the absence of supporting medium. Capillary 

electrophoresis works by separating molecules based on how fast they move in an 

electric field. Immunoelectrophoresis is a technique in which an antigen mixture is 

separated into its component parts. Isotachophoresis technique is used for the separation 

of ionic species based on their effective mobilities. In isoelectric focusing the charged 

molecules are separated based on their isoelectric point.  
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INTRODUCTION 

Electrophoresis is defined as the migration of the 

charged particles through solution under the 

influence of an external electric field. Ions 

between two electrodes moves the direction of the 

electrodes with the opposing charges. Movement 

of cations and anions are based on the strength of 

the buffer solution. Electrophoresis is an analytical 

technique used in biochemistry for separating 

particles, molecules or ions by size or by binding 

affinity either freely or through a supportive 

medium using one directional flow of electrical 

charge. Electrophoresis has a wide application in 

separating and analyzing biomolecules such as 

protein, plasmids, DNA, RNA and nucleic acids. 

Classification of electrophoresis: 

They are two types: 

✓ Zone Electrophoresis 

https://www.ijpsjournal.com/
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• Paper Electrophoresis 

• Gel Electrophoresis 

• Thin Layer Electrophoresis 

• Cellulose Acetate Electrophoresis 

✓ Moving Boundary Electrophoresis 

• Capillary Electrophoresis  

• Immuno Electrophoresis 

• Isoelectric Focusing Electrophoresis 

• Isotachophoresis 

Moving Boundary Electrophoresis: 

The moving boundary electrophoresis allows the 

charged particles to migrate free solution in the 

absence of supporting media. 

• Capillary electrophoresis 

In capillary electrophoresis ions are separated 

using high voltage. It is electrokinetic method. 

• Immunoelectrophoresis 

Immunoelectrophoresis involves an additional 

step of antigen-antibody complex formation in the 

equivalence zone. 

• Isotachophoresis 

The separation of ionic particles is based on their 

effective mobilities in isotachophoresis. 

• Isoelectric focusing electrophoresis 

The charged molecules are separated on the basis 

of their isoelectric point (i.e.) the pH at which the 

molecules as no charge. 

2. Moving Boundary Electrophoresis 

The migration of charged species with the free 

solution without the help of supporting media is 

called as moving boundary electrophoresis. It is 

one of the reference methods for determining the 

electrophoretic mobility. Samples having minute 

concentration can also be easily detected. 

Fig.1 Schematic diagram of moving boundary electrophoresis 
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Its component includes U shaped cell filled with 

buffer solution in which the ends of the electrode 

are immersed. Any mixture of charged species 

such as protein can be used as the sample. when 

voltage is applied, depending on the charges the 

compounds migrate to the anode are cathode.  

Types of moving boundary electrophoresis 

There are four types of moving boundary 

electrophoresis. They are:  

• Capillary electrophoresis  

• Immunoelectrophoresis  

• Isotachophoresis  

• Isoelectric focusing electrophoresis 

3. Capillary Electrophoresis 

In 1930, Arne Tiselius showed that electrophoresis 

could separate proteins, in a liquid. But people 

didn’t pay much attention to his work until 1960s, 

when Hjerten started using capillaries, for this 

method. Capillary electrophoresis is an electro 

kinetic method used to separate ions using high 

voltage and how fast an ion moves depends on its 

charge, size and how thick the liquid is. Bigger 

electric fields make ions moves faster. Neutral 

particles don’t move, only charged ones do. If two 

ions are the size, the one with more charge moves 

faster. If they have the same charge, the smaller 

one moves faster then, this method is popular 

because it gives quick and clear results, and there 

are many ways to detect the ions. 

Principle 

Capillary electrophoresis works by separating 

molecules based on how fast they move in an 

electric field. This speed depends on their charge, 

size and shape as per the equation given below. 

The movement of a molecule is called 

Electrophoretic mobility (µe). 

µ=q/6πηr 

Whereas, 

q is the charge of the molecule  

ղ is the viscosity of the liquid  

r is the radius of the molecule. 

In capillary electrophoresis, a very thin tube made 

up of fused silica (usually 25-100micrometer 

wide) is filled with a liquid called buffer. When a 

high voltage (between 10,000 to 30,000 volts) is 

applied, molecules move through the tube at 

different speeds depending on their charge and 

size.  This is also called Electro-osmotic flow 

(EOF), which means the whole liquid inside the 

tube moves and helps carry molecules along. To 

detect and measure the molecular technique like 

UV- Visible light absorption, fluorescence or mass 

spectrometry is used, depending on what kind of 

molecule are being analyzed. 

Types  

Five types of commonly known capillary 

electrophoresis: 

➢ Capillary zone electrophoresis (CZE) 

➢ Capillary isoelectric focusing (CIEF) 

➢ Miscellar electro kinetic chromatography 

(MEKC) 

➢ Capillary gel electrophoresis (CGE)G 

➢ Capillary electrochromatography (CEC) 

Apparatus 



G. M. Srimyvizhiy, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 9, 2119-2131| Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 2122 | P a g e  

Fig.2 Schematic diagram of Capillary Electrophoresis 

Instrumentation 

The main parts of capillary electrophoresis 

include, a high voltage power supply that provides 

more than 30,000 volts. The capillaries are about 

25-100 micrometers wide. The electric circuit is 

completed with buffers like citrate, phosphate or 

acetate. A detector, usually one that uses UV light 

to detect the separated substances. 

Working 

During the process, a small amount sample is 

placed into one end of the capillary. This is usually 

an electric field (electro migration). A high voltage 

power supply creates an electric current that 

pushes the sample through the capillary. As 

different part of the sample moves through, they 

were separated and eventually detected by a sensor 

at the other end. The data is then recorded. 

Capillary electrophoresis is easy to develop 

methods for reliable, fast and flexible. Its 

especially useful because it can separate substance 

that are hard to separate using HPLC. Also, 

Capillary electrophoresis can be automated to 

measure the amounts of substance quickly and 

accurately. Capillary electrophoresis is important 

in industries where it can be used as part of process 

analytical technology (PAT). 

Advantages 

➢ High electric field can be used without creating 

too much heat, the process is quicker than 

many other methods. 

➢ The process can be automated, including 

things like sample injection and detection 

which saves times and effort. 

➢ Capillaries offer really high separation 

efficiency, which means they can separate 

different substances very clearly. 

➢ Only a tiny amount of sample is needed for 

sample is needed for testing, which is helpful 

when there is not much material available. 

Disadvantages  

➢ The equipment needed on, can be pretty 

expensive at the beginning, which might not be 

ideal for all labs. 
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➢ Capillaries can get clogged, so they need to be 

checked and cleaned regularly to keep 

everything working properly. 

➢ Need to have good knowledge and training to 

use the system and fix any issue that comes up. 

Applications 

➢ Allergens, additives and contaminations can be 

detected. 

➢ Used for the analysis of pharmaceutical 

compounds, ensuring drug purity and 

identifying impurities. 

➢ Used for the analysis of pharmaceutical 

compounds, ensuring drug purity and 

identifying impurities. 

➢ In biotechnology, quality can be checked in 

products like recombinant proteins and 

monoclonal antibodies. 

➢ It can also measure the harmful substances and 

water quality by detecting important ions like 

nitrates and sulfates. 

➢ It helps to measures and identifies electrolytes, 

enzymes and hormones in body fluids, which 

is used to diagnosis a disease. And also, it 

measures the protein level accurately and 

quickly. 

➢ Used to test water and soil for pollutants like 

pesticides, heavy metals and some 

pharmaceuticals. 

➢ Used in DNA sequencing, checking for 

mutations and studying RNA to understand 

gene activity. 

4. Immunoelectrophoresis 

In 1953 Grabar and Williams coined the term 

immunoelectrophoresis. It is a technique in which 

an antigen mixture is firstly separated into its 

component’s parts. The presence of antigen is 

determined by formation of precipitin arc or line 

by immune – diffusion in agar. 

Immunoelectrophoresis plays a major role in 

diagnostic purpose and for separation, 

identification and /or quantification of target 

proteins in complex biological samples (plasma, 

serum). It involves an additional step of antigen – 

antibody complex formation. 

Principle 

A slide is layered with the gel and electric current 

is applied to it. According to their charge and size 

the antigen mixture placed in the wells is separated 

into individual antigen components. Following the 

electrophoresis specific antisera and antibody is 

reacted with the separated antigens which is placed 

parallel to the electrophoretic migration where 

diffusion is allowed to occur. Separation precipitin 

lines are formed as the result of movement of 

antiserum towards antigen components which 

indicates the reaction between individual proteins 

with its antibody. 

Types   

➢ Classical immunoelectrophoresis 

➢ Rocket immunoelectrophoresis  

➢ Crossed immunoelectrophoresis 

➢ Immunofixation electrophoresis  

✓ Classical immunoelectrophoresis: 

Classical immunoelectrophoresis is also known as 

gamma globulin electrophoresis and it represent an 

important advance in the analysis of biological 

samples separation and detection of antigens is 
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based on their size and net charge. The proteins are 

first separated by electrophoresis. The antigens are 

allowed to diffuse towards a reservoir punched 

into the gel that contain specific antibodies. An 

antigen antibody complex precipitate in the form 

of arc if target antigens are present in the sample. 

✓ Rocket immunoelectrophoresis: 

Rocket immunoelectrophoresis is an adaptation of 

radial immunoassay or electro immune-diffusion. 

It is a quantitative one-dimensional single electro 

immunodiffusion technique. In this method 

antibody is incorporated in the gel at pH value in 

which the antibodies remain essentially immobile. 

✓ Crossed immunoelectrophoresis: 

Crossed immunoelectrophoresis is performed in 

two steps. In the first step the antigens are 

separated, and in the second the separated antigens 

are forced into an antibody containing gels slab by 

application of electric field at right angles to the 

direction of separation of the antigen in the first 

step. 

✓ Immunofixation electrophoresis: 

Immunofixation electrophoresis is also known as 

serum protein electrophoresis. It is used for 

detecting monoclonal antibodies or 

immunoglobulins (Ig) in serum or urine. It plays a 

major role in diagnosis and monitoring blood 

related disease like myeloma. It takes place in two 

steps. In the first step the Ig present in the serum 

or urine are deposited on agarose gel allowed by 

separation of electrophoretic mobility under the 

effect of electric field. Once Ig is separated second 

step is migration of serum proteins. Appearance of 

a narrow band will be observed as precipitates if 

there is presence of monoclonal Ig. 

Apparatus 

 

Fig.3 Schematic diagram of immunoelectrophoresis 

Instrumentation 

Immunoelectrophoresis includes power supply, 

electrophoresis tank, gel support system and 

detector. Power supply provides electrical current 

(typically 200-300V) necessary for 

electrophoresis. Electrophoresis tank holds the gel 

and buffer solutions with electrodes to create the 

electric field. Gel support system cast the agarose 

gel on a glass or plastic plate providing the 

medium for protein separation. The detection 

method relies on the formation of precipitin arcs 

where antibodies bind to antigens in the gel 

medium. 

Working 
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Using the sample template, agarose gel is prepared 

on a glass slide. Across each corresponding slit 5µl 

of sample and control is applied. On the cathodic 

side gel is placed into the electrophoresis chamber 

with the samples and electrophoresis runs for 

20mins /100 volts. 

Advantages 

➢ Detects and identifies multiple antigens in one 

test. 

➢ Preserve proteins in a near-native condition 

(no harsh denaturation). 

➢ Provides better resolution than simple 

electrophoresis or diffusion. 

Disadvantages 

➢ Time consuming process. 

➢ Low sensitivity for detecting proteins in very 

small amounts. 

➢ Interpretation is difficult. 

Limitation of immunoelectrophoresis  

➢ Immunoelectrophoresis is slower, less 

sensitive and more difficult to interpret. 

➢ IEP fails to detect some small monoclonal Ig 

protein. 

Application  

➢ Used to analyze complex mixture containing 

different antigen. 

➢ Useful to monitor antigen and antigen-

antibody purity and to identify a single antigen 

in a mixture of antigens. 

➢ Complex protein mixture containing different 

antigens can be analyzed. 

➢ Useful in patients with suspected monoclonal 

and polyclonal gammopathies. 

5. Isotachophoresis 

Isotachophoresis is an electrophoresis technique 

used for the separation of ionic species based on 

their effective mobility’s under an electrical field. 

Isotachophoresis (Greek: iso = equal, tachos = 

speed, phoresies = migration) is an advanced 

electrophoresis method used for the qualitative and 

quantitative analysis of ions. The method 

characterized by the equal migration velocities of 

the separated ions once a steady state is reached. 

Techniques like capillary electrophoresis and 

isotachophoresis are also effective for separating 

ionic substances. 

Principle 

Isotachophoresis requires a system of three types 

of ions with the same charge polarity. 

1. Leading electrolyte: 

Contain fast moving leading ions (L ̄) with higher 

mobility than any sample ion. 

2. Terminating electrolytes: 

Contains a slow-moving terminating ion (T ̄) with 

slow mobility than any sample ion. 

3. Sample zone: 

        Contains ions with intermediate motilities. 

When an electric field is applied 

• Ions arrange is discrete consecutive zone 

• Each ion migrates at equal velocity in steady 

state 

• Sharp boundaries from between zone 
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Apparatus 

Fig .4 Schematic diagram of isotachophoresis 

Instrumentation 

Isotachophoresis consist of a separation column 

placed between two electrodes. The sample is 

introduced between two electrolytes: a leading 

electrolyte (with higher ion mobility than the 

sample) and trailing electrolyte (with lower ion 

mobility). A detector is integrated with the column 

to monitor the separated zone. The separation 

occurs based on the differential mobility of ions 

under an electric field, forming sharp and distinct 

zones. Detection is typically performed using 

conductivity or UV/Visible detectors, while 

thermal optical detectors may be used to enhance 

resolution. 

A standard isotachophoresis system includes: 

• Power supply: 0-15Kv voltage, 0-500 μA 

current. 

• Sample injection system: Valve injector with 

a 30μL sample loop. 

• Separation columns: Made of fluorinated 

ethylene-propylene (FEP). Pre-separation 

column: 0.8mm internal diameter, 90mm 

length. Analytical column: 0.3mm internal 

diameter, 160mm length. 

• Detectors: Each column is fitted with an on-

column conductivity detector. 

Working: 

The sample analytical mixture is placed between 

the trailing electrolytes in an aqueous medium. 

When an electric field migrate between leading 

electrolyte and terminating electrolyte. Ions 

separate into discrete zones based on their 

individuals mobility ̓ s.  The analytics form sharp, 

stacked bands in decreasing order of mobility. The 
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differential in ionic mobility across leading 

electrolyte and terminating electrolytes creates a 

self- After the gradient is established, all zones 

migrate at the same velocity–hence the name 

isotachophoresis (equal speed migration). 

Advantages 

➢ Rapid separation achieved by adjusting pH 

condition. 

➢ Requires a simpler setup compared to 

chromatographic methods. 

➢ Reduced chemical use and simpler setup lead 

to lower costly solvents. 

➢ Mainly uses aqueous soluition reducing the 

need for costly solvents. 

➢ Most samples can be analyzed directly. 

Disadvantages 

➢ Flow Control Challenge: Requires precise 

control of pressure-driven flow and 

electroosmotic flow (EOF), demanding high 

precision in microfluidic system design. 

➢ Joule Heating: Limits scalability due to heat 

induced issues in chip material, geometry and 

assay duration; can cause damage or 

performance drop. 

➢ Buoyancy Effects: In large -volume systems, 

density difference between buffers cause 

orientation-dependent effects, impacting 

reproducibility. 

➢ Interface Instability: High fields or deep 

channels can induce instability due to electro 

viscous flow overwhelming electro migration 

control. 

➢ Sample Dilution Requirement: High-salt 

biological samples often require 10-100x 

dilution to avoid pH shifts and poor separation, 

increasing preparation time. 

Applications 

➢ Environmental monitoring: Useful for 

detecting inorganic ions in water, through less 

effective for volatile air pollutan (or) ion-rich 

soil matrices. 

➢ Clinical and biochemical analysis: Detection 

of nucleotides, proteins and metabolites in 

body fluids and tissues. 

➢ Pharmaceuticals: Direct analysis of active 

compounds like 8-hydroxyquinoline in 

ointments using mixed solvents. 

➢ Industrial use: Monitoring ionic impurities in 

non-ionic matrices such as solvent (or) esters. 

➢ Food chemistry: Simultaneous identification 

of multiple acids in beverages like wine, with 

minimal sample preparation. 

6. Isoelectric Focusing Electrophoresis 

Isoelectric focusing is also known as electro 

focusing. It is a technique is used for separated 

charged molecules like protein are peptide 

depending on their isoelectric point (i.e) the pH at 

which the molecules as no charge. It has better 

resolution and quantification than the gel 

electrophoresis technique so it is widely used in 

molecular biology labs and biotech labs. Further it 

is easier to perform as the samples do not have 

stress of the placement. 

Principle 

Slab of polyacrylamide or agarose gel that 

contains a mixture of amphoteric electrolytes 
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(ampholytes) is used to carry out separation. The 

ampholyte starts to migrate in the gel which creats 

the pH gradient when subjected to an electrical 

field. When the applied protein reaches the gel 

fraction that has the pH that is same as  their 

isoelectric point their charge is neutralized 

migration access. The separation is estimated by 

determining the minimum pH difference. 

ΔpI=√𝐷(
𝑑𝑝𝐻

𝑑𝑥
)/𝐸(−

𝑑𝜇

𝑑𝑝𝐻
)

3
 

Where, 

D is the diffusion coefficient of the protein 

D pH /dx is the pH gradient 

E is the intensity of  the electrical field in volts per 

centimeter -du /d pH is the variation of the solute 

mobility with the pH in the region close to the pI 

Types if isoelectric focusing 

• Microfluidic chip based IEF:It is a 

miniaturized technique that separates 

molecules based on their isoelectric points 

within the microfluidic device. 

• Capillary isoelectric focusing: It is a higher 

resolution separation technique that isolates 

proteins and other amphoteric molecules based 

on their isoelectric point. 

• IEF gel electrophoresis: It involves applying 

an electric field to a gel matrix containing a pH 

gradient causing proteins to migrate until the 

reach pH matching their isoelectric point. 

Apparatus 

Fig.5 Schematic diagram of isoelectric focusing 

Instrumentation 

Isoelectric focusing electrophoresis consist of IEF 

gel, ampholyte and Buffer systems. The electrical 

field apparatus capable of providing a stable and 

adjustable electrical field, along with the 

electrodes and the gel casting apparatus. The gel is 

the through which the protein will migrate. These 
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ampholytes are small, multi charged molecules 

that have a range of isoelectric point and 

distributed themselves throughout the gel to create 

a stable pH gradient. The pH and ionic strength 

required for IEF are maintained using buffers.  

Working 

▪ Gel preparation 

The gel is prepared by mixing the acrylamide or 

agarose with the ampholytes and polymerizing 

reagents. The casting tray is filled with the gel and 

allowed to polymerize, forming a solid matrix. 

Ampholytes are added to the gel mixture before 

polymerization. Their concentration and range 

should be selected based on the expected pH range 

of the protein to be separated. 

Sample application     

                             

After polymerization, the gel is carefully mounted 

in the electrophoresis chamber. Protein samples 

are applied to the wells or spots on the gel, 

ensuring even distribution and avoiding cross 

contamination. 

▪ Application of electric field 

The gel is subjected to an electric field generated 

by the power supply. Based on the gel type and 

some characteristics current and voltage are 

adjusted. The electric field is applied for a period 

of time sufficient to allow protein to migrate and 

focus at their isoelectric point. 

▪ Post IEF analysis 

Once focusing is completed, gel is removed from 

the chamber. Staining methods like Coomassie 

brilliant blue, silver staining or other techniques 

are used for protein visualization based on their 

protein types. In image analysis, the stained gel is 

analyzed to interpret the separation patterns. 

Proteins are identified based on their position in 

pH gradient, corresponding to their isoelectric 

points. 

 Advantages 

➢ IEF can separate protein with very similar 

Isoelectric point, even differing by a little as 

0.01PH units.  

➢ Useful in determining the precise information 

about the isoelectric point of proteins which 

can be used for protein identification and 

classification . 

➢ IEF can be adapted for various format 

including analytical, preparative and 

microscale application. 

➢ Sample can be applied easily, unlike other 

electrophoretic methods. 

➢ IEFs greatest advantage is its high resolution, 

resulting in greatest separation of solutes. 

Disadvantages 

➢ IEF is not ideal for all protein type, particularly 

protein having high hydrophobic or extreme 

PH ranges. 

➢ The ampholytes which are used to create the 

PH gradient can interfere with subsequent 

analysis, such as electrospray ionization mass 

spectrometry. 

➢ Protein detection can be difficult sometimes so 

additional step like blotting and probing is 

required. 

➢ High voltage is required and the 

electrophoretic matrix may need to be cooled, 

which is difficult to achieve. 

Applications 
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➢ Used in food and agricultural industries, 

forensic and human genetics laboratories. 

➢ Plays a major role separation and identification 

of serum proteins. 

➢ Used to resolve closely related protein . 

➢ Protein having the same mass but different 

isoelectric point can be isolated and purified. 

7. DISCUSSION 

Moving boundary electrophoresis is a classical 

electrophoretic technique used to study the 

migration of charged particles or molecules in a 

free solution under the influence of an electric 

field. Unlike zone electrophoresis, MBE doesn’t 

require a supporting medium like gel or paper. 

This approach provided early and critical insights 

into the physicochemical properties of 

biomolecules, particularly proteins and nucleic 

acid. 

8. CONCLUSION 

Moving boundary electrophoresis played a 

foundational role in the development of 

electrophoretic separation methods. It provided 

essential into the behavior of charged molecules in 

electric field and laid the groundwork for modern 

electrophoretic techniques. Moving boundary 

electrophoresis continues to hold educational and 

theoretical value, offering a fundamental 

understanding of electrophoretic principles and 

molecular mobility in solution. 
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