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ABSTRACT 

Chromatography is relatively a new technique, which was first invented by M. Tswett, a botanist in 1906 in 

Warsaw. In that year, he was successful in doing the separation of chlorophyll, xanthophylls and several 

other colored substances by percolating vegetable extracts through a column of calcium carbonate.The 

separation process is monitored by the integrator from the time of injection to its elution, a graph is obtained. 

This graph is called a chromatogram. 
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INTRODUCTION: 

 

 DEFINITION AND HISTORY: 

           Chromatography is a non-destructive procedure for resolving a multi-component mixture of trace, 

minor, or major constituents into its individual fractions. Different variations may be applied to solids, 

liquids, and gases. While chromatography may be applied both qualitatively and quantitatively, it is 

primarily a separation tool. Quantitative analysis can be carried out by measuring the area of the 

chromatographic peak.  

          Chromatography is relatively a new technique, which was first invented by M. Tswett, a botanist in 

1906 in Warsaw. In that year, he was successful in doing the separation of chlorophyll, xanthophylls and 

several other colored substances by percolating vegetable extracts through a column of calcium carbonate. 

The calcium carbonate column acted as an adsorbent and the different substances got adsorbed to different 

extent and this gives rise to colored bands at different positions, on the column. Tswett termed this system of 

colored bands as the chromatogram and the method as chromatography after the Greek words chroma and 

graphos meaning "color" and "writing" respectively. However, in the majority of chromatographic 

procedures no colored products are formed and the term is a misnomer. 

In a classical manner it can be defined as “a separation process that is achieved by distribution of substance 

between two phases that is stationary phase and mobile phase”.   

          Considerable advances have since been made and the method is used to separate colored as well as 

colorless substances. The column of calcium carbonate, used in Tswett's method, remains stationary and is 

therefore termed as the stationary phase. The solution of vegetable extracts moves or flows down the column 

and is therefore termed as the mobile phase. Chromatography may be regarded as a method of separation in 

which separation of solutes occur between a stationary phase and a mobile phase. 

         In 1930's chromatography in the form of thin layer chromatography and ion exchange chromatography 

was introduced as a separation technique. In 1941, Martin and Synge introduced partition and paper 

chromatography. They introduced gas chromatography in 1952. 
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 CLASIFICATION OF CHROMATOGRAPHY :- 

 

                        Fig – 1(classification of chromatography) 

  

 

 

 

 



International Journal of Advance Research, IJOAR .org                                                                                        
ISSN 2320-916X 4 

 

IJOAR© 2013 
http://www.ijoar.org 

 

INTRODUCTION OF HPLC:- 

                HPLC is a chemistry based tool for quantifying and analyzing mixtures of chemical compounds. 

It is used to find the amount of a chemical compound of interest within a mixture of other chemicals. As the 

mobile phase used to separate the sample components is liquid (like water or alcohol), thus the technique is 

termed Liquid chromatography. Due to the use of reduced particle size (generally 5 µ) and closed packing of 

the adsorbent, a very high pressure of about 6000 psi (400 atm) is required to force the mobile phase through 

the column improving the performance of the instrument thus earning the name High Pressure/ 

Performance Liquid Chromatography . 

 

 BASIC PRINCPAL OF HPLC: 

           High performance liquid chromatography (HPLC) is a separation technique utilizing differences in 

distribution of compounds in two phases; called the stationary phase and the mobile phase. The stationary 

phase designates a thin layer created on the surface of fine particles and the mobile phase designates the 

liquid flowing over the particles. Under a certain dynamic condition, each component in a sample has a 

different distribution equilibrium depending upon the solubility in the phases and/ or molecular size. As a 

result, the components move at different speeds over the stationary phase and are thereby separated from 

each other. The column is a stainless steel (or resin) tube, which is packed with spherical solid particles. 

Mobile phase is constantly fed into the column inlet at a constant rate by a pump. The sample is injected 

from a sample injector, located near the column inlet. The injected sample enters the column with the mobile 

phase and the components in the sample migrate through it, passing between the stationary and the mobile 

phases. Compounds move in the column only when they are in the mobile phase. Compounds that tend to be 

distributed in the mobile phase therefore migrate faster through the column while compounds that tend to be 

distributed in the stationary phase migrate slower. In this way, each component is separated on the column 

and sequentially elutes from the outlet. Each compound eluting from the column is detected by a detector 

connected to the outlet of the column . 

       The separation process is monitored by the integrator from the time of injection to its elution, a graph is 

obtained. This graph is called a chromatogram. The time required for a compound to elute (called retention 

time) and the relationship between compound concentration (amount) and peak area depend on the 

characteristics of the compound. Retention time is therefore used as an index for qualitative determination 

and peak surface area (or height) as an index for quantitative determination .  

There are two elution processes : 

1. Isocratic elution and  

2. Gradient elution 
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 Isocratic elution:  

              In an isocratic elution, a sample is injected onto a given column and the mobile phase composition 

remains unchanged through the time required for the sample components to elute from the column. No 

single isocratic elution can separate a complex mixture with adequate resolution in a reasonable time and 

with good detectibility. The isocratic separation of samples with widely varying k’ (partition ratio) values 

typically exhibits poor resolution of early-eluting bands, difficult detection of late-eluting bands, and 

unnecessarily long elution times.  

            Thus to adequately handle samples that have both weakly retained and strongly retained substances, 

the rates of individual band migrations must be changed during a chromatographic run by solvent 

programming.  

 

 Gradient Elution: 

              Solvent Programming, also called gradient elution, involves changing the mobile-phase 

composition either stepwise or continuously as elution proceeds during the chromatographic run. The main 

purpose of gradient elution is to move strongly retained components of the mixture faster, but having the 

least retained component well resolved. Usually all the sample components are initially retained at the top of 

the column. Starting with the low content of the organic component in the eluent, the least retained 

component get separated.   When the amount of organic component in the eluent is increased, the strongly 

retained components will move faster and faster, because of the steady increase of the competition for the 

adsorption sites.  

 Gradient elution also increases the quasi-efficiency of the column. In the isocratic elution, the longer a 

component is retained, the wider its peak. In gradient elution, especially with the smooth gradient shape 

without a flat region, the tail of the peak is always under the influence of the stronger mobile phase when 

compared to the peak front. Thus, molecules on the tail of the chromatographic zone (peak) will move faster. 

This will tend to compress zone and narrow the resultant peak.  

           The optimum gradient for a particular separation is selected by trial and error. 

 

 

MODES OF CHROMATOGRAPHY     

             Modes of chromatography
 
are defined essentially according to the nature of the interactions between 

the solute and the stationary phase, which may arise from hydrogen bonding, Vander walls forces, 

electrostatic forces or hydrophobic forces or basing on the size of the particles (e.g. Size exclusion 

chromatography).  
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Different modes of chromatography are as follows: 

 Normal Phase Chromatography 

 Reversed Phase Chromatography 

 Reversed Phase – ion pair Chromatography 

 Ion Chromatography 

 Ion-Exchange Chromatography 

 Affinity Chromatography 

 Size Exclusion Chromatography 

 

 REVERSED PHASE CHROMATOGRAPHY 

            In 1960’s chromatographers started modifying the polar nature of silanol group by chemically 

reacting silica with organic silanes. The objective was to make less polar or non polar so that polar solvents 

can be used to separate water-soluble polar compounds. Since the ionic nature of the chemically modified 

silica is now reversed i.e. it is non-polar or the nature of the phase is reversed. The chromatographic 

separation carried out with such silica is referred to as reversed-phase chromatography.  

             Silica based stationary phases are still most popular in reversed phase chromatography however 

other absorbants based on polymer (styrene-divinyl benzene co-polymer) are slowly gaining ground. 

             Simple compounds are better retained by the reversed phase surface, the less water- soluble (i.e. the 

more non-polar) they are. The retention decreases in the following order: aliphatics > induced dipoles (i.e. 

CCl4) > permanent dipoles (e.g.CHCl3) > weak lewis bases (ethers, aldehydes, ketones) > strong lewis bases 

(amines) > weak lewis acids (alcohols, phenols) > strong lewis acids (carboxylic acids). Also the retention 

increases as the number of carbon atoms increases. 

               As a general rule the retention increases with increasing contact area between sample molecule and 

stationary phase i.e. with increasing number of water molecules, which are released during the adsorption of 

a compound. Branched chain compounds are eluted more rapidly than their corresponding normal isomers. 

                In reversed phase systems the strong attractive forces between water molecules arising from the 3-

dimentional inter molecular hydrogen bonded network, from a structure of water that must be distorted or 

disrupted when a solute is dissolved. Only higher polar or ionic solutes can interact with the water structure. 

Non- polar solutes are squeezed out of the mobile phase and are relatively insoluble in it but with the 

hydrocarbon moieties of the stationary phase. 

                 Chemically bonded octadecyl silane (ODS) an alkaline with 18 carbon atoms it is the most 

popular stationary phase used in pharmaceutical industry. Since most pharmaceutical compounds are polar 

and water soluble, the majority of HPLC methods used for quality assurance, decomposition studies, 
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quantitative analysis of both bulk drugs and their formulations use ODS HPLC columns. The solvent 

strength in reversed phase chromatography is reversed from that of adsorption chromatography (silica gel) 

as stated earlier. Water interacts strongly with silanol groups, so that, adsorption of sample molecules 

become highly restricted and they are rapidly eluted as a result. Exactly opposite applies in reversed phase 

system; water cannot wet the non-polar (hydrophobic) alkyl groups such as C18 of ODS phase and therefore 

does not interact with the bonded moiety.  

  

BUFFEER USED IN REVERSED PHASE 

                 Selection of a buffered aqueous mobile phase for RP-LC may seem intimidating but with an 

understanding of the fundamental effect of pH on retention of ionic analytes and checking some properties 

of the buffer options, a logical and reasonable choice can be derived. 

               The pH of the mobile phase will dramatically affect the retention of ionic analytes within 1.5 pH 

units of their pKa. Thus, it can be understood why control of mobile phase pH has great utility in method 

development and is critical for reproducible separations of ionic analytes. 

Table 1: Buffers 

Buffer. pKa (25ºC) 
Maximum 

Buffer Range 

UV Cut off 

(nm) 

TFA 0.3 ___ 210 (0.1%) 

Phosphate, p1 H2PO4
1-

 2.1 1.1 – 3.1 <200 

Phosphate, pK2 HPO4
2-

 7.2 6.2 – 8.2 <200 

Phosphate, pK3 PO4
3-

 12.3 11.3 – 13.3 <200 

Citrate,pK1 

C3H5O(CO2H)2(CO2)
-1

 

 

3.1 2.1 – 4.1 230 

Citrate,pK2 

C3H5O(CO2H)1(CO2)
-2

 

 

4.7 3.7 – 5.7 230 

Citrate, pK3 

C3H5O (CO2 -)3 
6.4 4.4 – 6.4 230 

Carbonate, pK1, HCO3
1-

 6.1 5.1 – 7.1 <200 

Carbonate, pK2, CO3 
2-

 10.3 9.3 – 11.3 >200 

Formate 3.8 2.8 – 4.8 210 
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 NORMAL PHASE CHROMATOGRAPHY 

            In normal phase chromatography, the stationary phase is a polar adsorbent and the mobile phase is 

generally a mixture of non-aqueous solvents. The silica structure is saturated with silanol groups at the end. 

These OH groups are statistically disturbed over the whole of the surface. The silanol groups represent the 

active sites (very polar) in the stationary phase.  

This forms a weak type of bond with any molecule in the vicinity when any of the following interactions are 

present. 

 Dipole-induced dipole, 

 Dipole-dipole, 

 Hydrogen bonding, 

 -Complex bonding. 

These situations arise when the molecule has one or several atoms with lone pair electron or a double bond. 

The absorption strengths and hence k’ values (elution series) increase in the following order. Saturated 

hydrocarbon < olefins < aromatics < organic halogen compounds < sulphides < ethers< esters < aldehydes 

and ketones < amines < sulphones < amides < carboxylic acids. The strength of interactions depends not 

only on the functional groups in the sample molecule but also on steric factors. If a molecule has several 

functional groups, then the most polar one determines the reaction properties. 

                   Chemically modified silica, such as the aminopropyl, cyanopropyl and diol phases is useful 

alternatives to silica gel as stationary phase in normal phase chromatography. 

                   The aminopropyl and cyanopropyl phases provide opportunities for specific interactions 

between the analyte and the stationary phases and thus offer additional options for the optimizations of 

separations. Other advantages of bonded phases lie in their increased homogeneity of the phase surface. 

                   Resolution with water in weak mobile phase may be most conveniently achieved by drying the 

solvents and then adding a constant concentration of water or some very polar modifier such as acetic acid 

or triethylamine (TEA) to the mobile phase. The addition of such polar modifiers serves to deactivate the 

more polar shape as well as the reproducibility of the retention times. 

 Chromatographic methods can be classified most practically according to the stationary and mobile phases, 

as shown in the table.2. 
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                                      Table.2: Classification of Chromatographic methods: 

Stationary phase Mobile phase Method 

Solid Liquid 
Adsorption, column, thin-layer, ion exchange, 

High performance liquid chromatography. 

Liquid 

Liquid 

 

Gas 

 

Partition, column, thin-layer, HPLC, paper 

chromatography, Gas–Liquid Chromatography. 

 

              The importance of Chromatography is increasing rapidly in pharmaceutical analysis. The exact 

differentiation, selective identification and quantitative determination of structurally closely related 

compounds. Another important field of application of chromatographic methods is the purity testing of final 

products and intermediates (detection of decomposition products and by-products). As a consequence of the 

above points, chromatographic methods are occupying an ever-expanding position in the latest editions of 

the pharmacopoeias and other testing standards. 

 The modern form of column chromatography has been called high performance, high pressure, and high-

resolution and high-speed liquid chromatography. 

High-Performance Liquid Chromatography (HPLC)
 
is a special branch of column chromatography in which 

the mobile phase is forced through the column at high speed.  As a result the analysis time is reduced by 1-2 

orders of magnitude relative to classical column chromatography and the use of much smaller particles of 

the adsorbent or support becomes possible increasing the column efficiency substantially.   

                   The essential equipment consists of an eluent, reservoir, a high-pressure pump, and an injector 

for introducing the sample, a column containing the stationary phase, a detector and recorder. The 

development of highly efficient micro particulate bonded phases has increased the versatility of the 

technique and has greatly improved the analysis of multi component mixtures. 

 The systems used are often described as belonging to one of four mechanistic types, adsorption, 

partition, ion exchange and size-exclusion. Adsorption chromatography arises from interaction between 

solutes on the surface of the solid stationary phase. Partition chromatography involves a liquid stationary 

phase, which is immiscible with the eluent and coated on an inert support. Adsorption and partition systems 

can be normal phase (stationary phase more polar than eluent) or reversed phase (stationary phase less polar 
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than eluent). Ion-exchange chromatography involves a solid stationary phase with anionic or cationic groups 

on the surface to which solute molecules of opposite charge are attracted. Size-exclusion chromatography 

involves a solid stationary phase with controlled pore size. Solutes are separated according to their 

molecular size, the large molecules enable to enter the pores eluting first.  

 

                   Figure 2:Schematic Diagram of HPLC Instrument 

The various components of a HPLC system are herewith described 

 

       Solvent container  Pump  Damping unit  Injection port 

                                                                                                     | 

                                                                                                Column 

                                                                                                     | 

                                                                         Recorder   Detector 

                                                                                                     | 

                                                                                                Effluent                                                                                                                                                                                   

The general instrumentation for HPLC incorporates the following components  

 There is a solvent reservoir for the mobile phase. 

 The mobile phase must be delivered to the column by some type of pump. To obtain separations 

either based on short analysis time or under optimum pressure, a wide range of pressure and flow 

is desirable. The pumping system must be pulse-free or else have pulse damper to avoid 

generating baseline instability in the detector. 

 Sampling valves or loops are used to inject the sample in the flowing mobile phase just at the 

head of the separation column. Samples should be dissolved in a portion of the mobile phase to 

eliminate an unnecessary peak. 
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 Ahead of the separation column there may be a guard column or an in-line filter                                   

to prevent contamination of the main column by small particulate. . 

 The separating column contains the packing needed to accomplish the desired HPLC separation. 

These packings may be of silica for adsorption chromatography, bonded phases for liquid-liquid 

chromatography, ion-exchange functional groups bonded to the stationary support for ion-

exchange chromatography, gels of specific porosity for exclusion chromatography, or some other 

unique packing for a particular separation method. 

  

  SOLVENT RESERVOIR                               

                   The solvent or mobile phase reservoir possesses several characteristics. The composition of 

reservoir should render it inert to a variety of aqueous and non-aqueous is to be pressurized, glass is to be 

avoided. The volume capacity of the reservoir should greater than 500ml and if the dilute samples being 

analyzed, the solvent may be recycled without significant interferences.  

The solvent delivery system has three basic functions: 

1. Provide accurate and constant flow through the flow channel 

2. Provide accurate mobile phase compositions 

3. Provide the force  necessary to push the mobile phase through the  column. 

A solvent delivery system must provide accurate, reproducible flow and composition. System must also 

provide the force necessary to push the mobile phase through the tightly packed column. In addition, the 

solvent delivery system can’t produce pressure pulsations. So damping unit is usually customary. 

 

DAMPING UNITS : 

 

                                              ( Fig. – 3 : Damping unit) 

 

 Filled with compressible liquid separated from the mobile phase by a membrane. 

 Pressure ripples reduced to < 2% original value. 

               The purpose of the damping unit is to reduce pressure pulsations caused by the action of the pump. 

A damping unit consists of a diaphragm separating the mobile phase from a compressible liquid. In the dual 

piston series pump, the diaphragm is located between the first and second piston chambers 
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SOLVENT DEGASSING SYSTEM: 

             After mixing the solvents the mobile phases must be degassed. Water and lower molecular weight 

alcohols dissolve relatively large amounts of air. Removal of dissolved gasses from the mobile phase 

prevents bubble formation in the pump (cavitations) and the detector. Dissolved oxygen can quench 

fluorescence detection so removal is especially important for these analyses. There are several popular ways 

of removing the dissolved gasses:  

              1. Vacuum degassing – The best way to remove dissolved gasses from the mobile phase is 

vacuum degassing. The mobile phase is pulled through gas permeable tubing [Teflon] coiled within a 

vacuum chamber on the way to the pump. Besides adequately removing dissolved gasses, the other 

advantages include real-time degassing and less expense (helium is not required). 

 

2. Helium sparging – Helium, which has a low solubility in common HPL 

C mobile phases is used to “knock out” other dissolved gasses in the mobile phase such as nitrogen and 

oxygen. 

 

   3. Ultrasonication – The mobile phase reservoir or other container is placed in a sonication bath; 15 

minutes/L. Online vacuum degassing and helium sparging are more efficient than ultrasonic and offline 

vacuum degassing.  
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SOLVENT FILTERS: 

 

 

                                           Fig. – 5 : Solvent filters 

TUBING 

 The nature of tubing is used to connect all parts of system deserves some attention. The inside 

diameter of the tubing prior to injection device is not critical but the tubing should be inert, have the ability 

to with stand pressure, and able to carry sufficient volume. However, posterior to the injection device, the 

diameter and length of the tubing are critical. 

              The sample zone will broaden due to molecular diffusion if it stays in tubing too long. Therefore it 

is prudent to use tubing of very small internal diameter (usually less than 0.5mm).  

The tubing is made from polymers or stainless steel capillaries. Often, separations of biomolecules require 

the use of polymer capillaries so that the biomolecules avoid contact with stainless steel.  

              To avoid excessive extra-column or dead volumes, each HPLC component should be connected 

with the shortest length of tubing possible.  

 

PUMPS: 

 Several characteristics adequately describe pumps suitable for use in HPLC. As the case with solvent 

reservoirs, pumps must be constructed from materials that are inert to all mobile phases.Materials commonly 

used are glass, stainless steal, Teflon, and sapphire. Since the HPLC is frequently carried as high-

performance liquid chromatography, the pump must be capable of generating pressures of up to 3ml/min for 

analytical solutions. The solvent flow from the pump should be pulse less or should be dampened in order to 

remove pulses, since the pressure of pulses in the flow may cause spurious results with some detectors. The 

flow rate produced by the pump should be reproducible and constant, both long-term and short-term. 

HPLC pumps can be classified in two groups according to the manner in which they operate: 
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1. CONSTANT FLOW RATE PUMPS : 

 The two principal types of pumps in this category are the reciprocating piston and syringe drive 

pumps.  

 The reciprocating piston pump is presently the most widely used pump in modern HPLC.A filling 

and pumping cycle characterize this pump. During the filling cycle a piston is with drawn from a syringe 

chamber. Two check valves are connected to this chamber such that during the piston withdrawal, solvent 

flows from the solvent reservoir but not into the pump outlet. When the piston direction is reversed, the 

check valves operate to allow solvent to flow from the outlet valve only. Altering the distance of the piston 

travels or the number of cycles can change the volume of solvent discharged from the pump per unit time. 

E.g. Milton Roy Reciprocating Pump, Dual Piston Pump, Triple Piston Pumps   

 The syringe drive pump is a constant displacement pump in which all of the mobile phase contained 

with in the pump. It is, in effect, a single stroke displacement pump. A screw free drive connected to a 

stepping motor actuates the piston inside the chamber. The voltage input to the stepping motor controls the 

volume displaced by the pump per unit time. This type pump produces a pulse less flow and requires no 

check valves. 

2. CONSTANT PRESSURE PUMPS: 

 Constant pressure pump can deliver a constant-flow- rate if it operates against a constant column 

backpressure and if the viscosity of mobile phase remains constant. Consequently temperature should be 

controlled. Since the mobile phase is in direct contact with the pressurized gas a significant amount of gas 

may be dissolved. Thus a piston of mobile phase may contain sufficient dissolved gases to produce bubble in 

the detector. The pneumatic amplifier pump (e.g. The Haskell Pump) is a modification of a simple gas 

displacement pump. The gas pressure is applied to a large piston that is connected to a smaller diameter 

piston in contact with the mobile phase. The pressure on the gas piston is translated to a higher pressure (per 

unit area) on the solvent. 

 # PUMPS FOR GRADIENT ELUTION: 

 Gradient elution or solvent programming is functionally analogous to temperature programming in 

gas chromatography. By changing the polarity of mobile phase during the chromatographic run, compounds 

with widely varying capacity factors, K
1
, can be eluted in convenient time in a single run. Obviously mobile 

phases that are mixed during gradient elution must be miscible. 

 In the gradient elution mode, the solvents are mixed either low pressure or high- pressure gradient 

devices. In the high-pressure devices, the solvents are mixed after the pump, while   low-pressure devices 

mix the solvents prior to the high-pressure pumping system. In the high-pressure pumping gradient systems, 

two pressure pumps are connected to a low-volume mixing chamber. By varying relative flow rates of each 
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pump, the composition of mobile phase can be changed in programmed fashion. This type of device requires 

a controller for the pumps. 

Gradient Formation – Putting it All Together: 

 

 

                          Fig. – 6: Low and high pressure gradient devices 

  

                               The two pump designs shown above are examples of complete solvent delivery systems. 

These systems are capable of gradient elution. Gradient elution describes the technique of changing the 

mobile phase composition over the course of the analysis run time. Typically, the solvent strength is 

increased or decreased. Advantages include shorter analysis times, decreased dispersion, and better 

resolution control.  

                                 Solvent delivery systems can use low or high pressure mixing to form the gradient 

mobile phase composition. Gradient formation at low pressure is achieved by mixing the mobile phases 

before pressure is applied. In our example, a high speed proportioning valve that can mix up to four solvents 

forms the mobile phase composition.  

 

 BALL-VALVES FOR RECIPROCATING PISTON PUMPS: 

 

 

                             Fig. – 7: Internal structure of a ball valve 

                    The purpose of a ball valve or check valve is to provide unidirectional flow. The elements of a 

ball valve include a sapphire seat, a ruby ball and a spring for tension. While a piston draws solvent from the 

mobile phase reservoir, the ruby ball on the inlet side is pulled upward allowing mobile phase to fill the 

solvent chamber. The ruby ball on the outlet side of the chamber is pulled down against the sapphire seat so 
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that solvent which has already been displaced to the column will not be pulled back into the chamber. When 

the piston is on the forward stroke, the mobile phase will push the outlet ruby ball away from the sapphire 

seat. The force of the mobile phase will push the ruby ball on the inlet side into the sapphire seat preventing 

flow to the reservoir. 

# Proportionating Valve: In isocratic or gradient elution mode the mixture of mobile phase mixed properly 

according to the ratios before entering into the column. 

SAMPLE INJECTION SYSTEMS : 

 Injectors 

                 A sample injection system is required to deliver the sample to the head of the HPLC column. The 

sample must be delivered without stopping or disturbing the mobile phase flow to the column. Sample  

injector must be very accurate and precise in its delivery. Modern sample injection devices also increase 

productivity with features such as online precolumn derivatization. Sampling devices may also have heating 

or cooling features.  

 For reproducible introduction of the sample volume into the mobile phase flow. Available in two major 

designs;   

                  1) Manual Injectors   (or)    2) Automatic Injectors     

 

                                               Fig. – 8: Flow of sample   

                    The most widely used sample injection system is loop injection valve. These valves provide 

precise injection volumes against high-pressures. In this sample load mode, the sample is flushed through 

the sample loop with the excess going to the drain. For sample is flushed through the sample loop with 

excess going to the drain. For sample injection, the valves are rotated so that the mobile phase flows through 

the sample loop flushing the sample to column. Precision of the sample injection using the loop injector may 

be as 0.1% 

 RSD.                                                                                                                                 
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This type of injector is quite amenable to automation and is frequently used with auto samples. The sample 

is drawn through the loop by vacuum or flushed through the loop by positive pressure.  

e.g.: UK6injector 

  The loop can be used in fashion that provides for the elimination of interfering components prior to the 

injection of the sample on to the column. In this case, a sample column replaces the sample loop. The 

column packing material in this sample column is usually the same as the column packing material in the 

analytical column 

 

1)Manual injector: 

 

                                          Fig. – 9 : Manual injector 

 

2)Automatic injector: 

 

 

                                Fig. – 10: Automatic injectors 
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COLUMNS : 

            Columns is the heart of HPLC where the actual separation takes place. There are various types of 

columns used for various purposes. 

 

                                    Fig. – 11 : Column hardware :  Stainless steel 

                    The most common HPLC column hardware is constructed of 316-grade stainless steel, which is 

a chromium-nickel-molybdenum steel. The columns are closed at both ends with frits that vary in pore size 

according to the support particle diameter. The frits are held in place with the column end fittings. The 

column hardware is chemically resistant to most HPLC solvents and additives with the exception of chloride 

ions, which may pit the stainless steel surfaces. These columns hold up well under typical HPLC pressures. 

 

             

                          Fig. – 12 : Column Packing Materials – Shape of silica 

                     Porous silica particles are commonly used as HPLC supports for adsorption chromatography 

and form the basis for numerous chemically modified stationary phases for reversed phase, normal phase, 

ion exchange, chiral, and size exclusion chromatography. The chemical composition is SiO2 x H2O. The 

purity of the silica can affect the chromatographic reproducibility. 

                   Two types of particles are shown above, silica sols and xerogels(silica gels). Silica sols are 

found in Zorbax Rx-Sil packing materials. Small nonporous particles agglomerate to form a 3- 

particle. In formaldehyde and heat, these particles are melted together. They have been described as marbles 

melted together to form a spherical particle. Silica sols generally have lower surface area, porosity, and 
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surface reactivity. Evidence suggests that silica sol gels may be less soluble at pHs above 7 than silica gels. 

Another common type of particle is a silica gel (Xerogel). The silica sol is subjected to a heat treatment 

creating rigid porous silica. This type of particle has higher surface area and porosity. At pH 7 and above, 

silica gels dissolve readily in the mobile phase 

. 

                      Silica gels produced by different manufacturers will have different shapes, surface areas, pore 

sizes, and surface chemistries. Two silica particle shapes dominate, irregular and spherical. Analytical 

leading to poor resolution. Small particles can lead to high column pressures. The most popular particle sizes 

are 3.5 –  

 

 

                       Fig. – 13: Column Packing Materials – Chemistry of silica  

                    

                The surface of silica gel is covered with silanol groups and siloxane bonds that can interact with 

molecules and form the basis of retention in adsorption chromatography. The surface chemistry also serves 

as a reaction site for chemical bonding. 

                   Free silanols, as opposed to hydroxylated or hydrogen bonded silanols, can interact with basic 

sample compounds in reversed phase producing severely tailed chromatographic peaks. The siloxane bonds 

provide the rigid support to the silica particle. 
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                                       Fig. – 14: Surface of silica : Bonded phase 

 

                                Reacting a chlorosilane with the surface silanols produces many useful stationary 

phases. The chlorosilane may be mono-, di-, or a tri-chlorosilane. Monochlorosilanes produce monomeric 

packing materials. These are highly efficient, but not as strong as those produced from di- or 

trichlorosilanes. These bonded phases are called polymeric-bonded phases. Bonded phases are attractive 

because they change the surface chemistry, thus changing the column selectivity. They also shield the silica 

backbone from the mobile phase. In addition, they shield the sample components from silanol groups of 

varying activity. Bonded phases are vulnerable at pHs of 2 and less. 

 

 

 

                        Fig. - 15 : Column Packing Materials - Polymer Supports 

                     

                  Polymeric supports such as polystyrene-divinylbenzene are often used as supports for HPLC 

applications, especially ion exchange and size exclusion applications. Cross-linked polystyrene results from 

the copolymerization of styrene andivinylbenzene. The amount of divinylbenzene determines the extent of 

crosslinking and the rigidity of the gel. Polystyrene-divinylbenzene can be very rigid and resist pressure up 

to 5000 psi. This stationary phase is very hydrophobic. It can be used without derivatization as a pH resistant 

reversed-phase stationary phase. This packing material is stable over a wide pH range and is durable. 

 



International Journal of Advance Research, IJOAR .org                                                                                        
ISSN 2320-916X 21 

 

IJOAR© 2013 
http://www.ijoar.org 

 

 

                                     Fig. – 16: Chemistry of endcapped column                                                       

                         A conventional silica column with a bonded phase is shown in the diagram above. Due to 

steric hindrance, not all silanols bond with the desired bonded phase. The free silanols that are left on the 

stationary phase surface give rise to often unwanted interactions with the sample molecules.  

                      The result can be poor peak shape and long retention times as shown in the last slide. The 

retention reproducibility may also suffer from column to column. The free silanols can be neutralized with a 

covalent attachment of a small hydrophobic molecule. Trimethylchlorosilane is often bonded to the free 

silanol. The endcapped column is now largely free of residual silanols and mobile phase additives would not 

be required for a separation of amines. 

 

SELECTION OF A COLUMN 

 

                                        Fig. – 17: Selection of a column 

                 To make an initial column selection, one must not only decide the stationary phase, but other 

column parameters as well. The diameter is important. For a standard separation, a column diameter from 

4.0 – 4.6 mm should be selected. Larger column diameters should be selected for preparative separations 

when sample isolation and recovery are important.  
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                Typically, one selects particles in the 3.5 – 5.0 micron range. For fast HPLC separations a 3 

micron particle column may be selected; however the separation ability may be limited due to the length of 

the column. 

 

 

                          Fig. - 18 : Use of narrow bore column for limited sample size 

 

 

                               Fig. – 19 : Effect of column length on resolution 
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BONDED PHASES FOR HPLC AND THEIR ABBREVIATIONS 

                                                                   Table.3: 

Phase Description 

Si Silica       

 

Classic normal phase material. Suitable for separating polar non-ionic organic compounds. 

C1 TMS, SAS,  

Tri methyl silane         

Reversed phase material. Unique selectivity for polar and multifunctional compounds. 

Least retentive of all alkyl group bonded phases for non-polar solvents.  

C2 RP-2, Dimethyl 

                                      

  

Reversed phase material, less retentive than C4, C8, or C18. More retentive than C1. 

C3 Propyl 

  

 

Reversed phase material, used in hydrophobic interaction chromatography (HIC) of 

proteins and peptides. 

C4 Butyl 

           

Reversed phase material, useful for ion-pairing chromatography offers less retention than 

C8 and C18 phases for non-polar solutes. When bonded to 300Å silica, it is an ideal phase 

for analyzing large proteins and hydrophobic peptides. 

Si OH

 

Si CH3 

 

C2H5
 Si 

 

Si C3H7
 

 

Si C4H9
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C6 

 

Hexyl 

 

 

        Reversed phase material, useful for ion-pairing chromatography. Less retentive than 

C8 and C18 phases. 

C8 MOS, RP-8, LC-8, Octyl 

 

 

        

         Reversed phase material, similar selectivity to C18 but less retentive. Wide 

applicability (e.g. pharmaceuticals, nucleosides, steroids). When bonded to300Å silica, it is 

an ideal phase for peptides, peptide mapping and small hydrophilic proteins. 

C18 ODS, RP-18, LC-18, Octadecyl 

                                

 

             

            Classic reversed phase material is most retentive for non-polar solutes and is 

excellent for ion-pairing chromatography. It is having wide applicability for the assay of 

nucleosides, nucleotides, steroids, pharmaceuticals, vitamins, fatty acids and 

environmental compounds when bonded to 300Å silica, this phase is perfect for separating 

small hydrophilic peptides. 

NH2 APS, Amino, Amino propyl silyl      

                                     

                                   -Si –  CH2CH2CH2NH2 

  

       Can be employed as reversed phase, normal phase or weak anion exchange material. 

Reversed phase: useful for separating carbohydrates. Normal phase: alternative selectivity 

to silica, not deactivated by small amounts of water. Ion Exchange: weak anion exchanger 

when used with buffers separates anions and organic acids. 

 

Si C6H13
 

 

Si C8H17
 

 

Si C18H37
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NO2 Nitro 

                                                 -Si –NO2 

     Normal phase material. Separates aromatic compounds and compounds with double 

bonds. 

OH Diol, Glycerol                     

                      -Si – CH2CH2CH2OCH2CHOHCHOH 

 

       Can be employed as either a reversed phase or normal phase material. Reversed 

phase: Used for Gel Filtration Chromatography (GFC) of proteins and peptides. Normal 

phase: Similar selectivity to silica not deactivated by small amounts of water. 

SAX SB, Quaternary amine, 

Strong Base                            -Si – CH2CH2CH2N
+(CH3)3 

 

       Ion exchange material. Strong anion exchangers (basic) are useful for separating 

nucleosides, nucleotides and organic acids. 

SCX SA, Sulfonic acid, 

Strong Acid                            -Si – CH2CH2CH2SO2OH 

 

         Ion exchange material. Strong cation exchangers (acidic) are useful for separating 

organic bases. 

WAX PEI, DEAE, Polyethyleneimine, 

Diethylaminoethyl, Weak Base         

                                                  -Si – CH2CH2N(CH2CH3)2 

 

        Ion exchange material. Weak anion exchangers (basic) are most useful for analyzing 

acidic proteins and peptides. 

WCX CM, Carboxymethyl, 

Weak Acid                              -Si – CH2COOH 
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Ion exchange material. Weak cation exchangers (acidic) are most useful for analyzing 

basic proteins and peptides. 

 

DETECTORS 

Detectors for HPLC fall in to two categories. 

1. Bulky property detectors or different detectors: 

 These provide a differential measurement of bulk property that is possessed by   the solute (analyte) and the 

mobile phase e.g. Refractive Index Detector. 

2. Solute property or selective detectors: 

These measure a property of sample, which is not possessed by mobile phase. 

 E.g. U.V and fluorescence detector. 

 

MODIFIED GC DETECTORS:   

                        These provide a measurement of property of the analyte after the mobile phase has been 

removed. The ideal detector should possess several properties. It would have high sensitivity, produce 

reproducible and predictive responses, and give a response to analyte. Further more its response should be 

linear over a wide range of sample sizes. 

 

Most commonly used detectors in HPLC are:- 

 

  UV-Visible                    

  Refractive Index   

 Radioactive               

 Fluorescence 

 Electrochemical 

 Mass spectrometer 

 Evaporative light scattering(ELSD) 
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                                                       Table - 4 : List of detectors  

Detectors Analytes Solvent Requirement Comments 

UV-Visible With any chromophore UV-grade non-UV 

absorbing solvents 

Has a high degree of selectivity 

& is useful for many HPLC 

application 

Fluorescence Fluorescent compounds UV grade non UV 

absorbing solvents 

Highly selective and sensitive. 

Often used to analyze 

derivatized compounds 

Refractive Index 

(RI) 

Compounds with 

different RI to the mobile 

phase 

Mobile phase in gradient 

mode cannot be run 

Virtually a universal detector 

but has limited sensitivity 

Conductivity Charged or polar 

compounds 

Mobile phase 

must be conducting 

Very selective and sensitive 

Electrochemical Readily oxidizable or 

reducible compounds, 

especially biological 

samples 

Mobile phase 

must be conducting 

Very selective and sensitive 

  Evaporative  

Light Scattering  

Virtually all compounds Fully gradient compatible, 

no limitation on solvent 

choice 

A universal detector which is 

highly sensitive but not 

selective. 

Mass 

Spectrometer 

Broad range of 

compounds 

Must be volatile solvents 

& volatile buffers 

Highly sensitive and is 

powerful 2nd dimensional 

analytical tool.  

 

1.UV-VISIBLE DETECTORS: 

                 It is one of the most useful detectors for pharmaceutical analysis. All UV-Visible detectors 

operate on the principle of Beer’s Law, i.e., the amount light transmitted by the sample is proportional to the 

path length of the sample and concentration of analyte in the eluent. Using commonly available equipment, 

it is quite common to measure nanogram quantities of drug. 

Principles: The fraction of light transmitted through the detector cell is related to the solute concentration 

according to Beer’s Law. 
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The terms in the equation are: 

      Io – Radiation intensity before passing through flow cell 

      I – Radiation intensity after passing through flow cell 

     A – Absorbance 

     a – Absorptivity, a proportionality constant characteristic of the absorbing medium 

     b – path length of the flow cell 

     c – concentration of the absorbing medium. 

UV-Visible detectors are classified as fixed or variable wavelength detectors.  

Fixed wavelength detectors employ a filter and/or lamp line source to provide appropriate wavelength. The 

most common fixed wavelength detectors are based on the 254 nm line generated by a low-pressure mercury 

vapour lamp. 

Variable wavelength detectors usually employ a spectrophotometer to provide dispersion of light and 

selection of any wavelength in the UV and visible region. This allows the analyst to select the most 

appropriate wavelength to increase sensitivity and/ or selectivity.  This detector provides for detection of 

compounds that contain a single, double bond that absorbs light at wavelength below 220nm.  

2.RI DETECTORS :  

 

 

                                         Fig. - 20 : Design of RI detector 

                    

                 The refractive index (RI) detector is a nonselective or universal detector. This means that it can 

detect nearly every compound, but not at low levels. Refractive index (RI) detection is based on the 

difference in RI between the solution in the sample cell and the pure mobile-phase solution in the reference 

cell. Because the composition of the eluents must remain fixed throughout the analysis, this detector is not 

suitable for gradient analysis. Four main types of RI detectors are available: deflection according to Snell’s 

law, reflection according to Fresnel’s law, interference, and Christiansen effect. The first, which uses the 
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dual-cell design, is by far the most popular. Because RI detectors lack sensitivity and exhibit a tendency to 

drift owing to temperature changes, they are used primarily in the analysis of polymers for gel permeation 

chromatography. 

 

3. FLUORESCENCE DETECTOR:  

                It is very sensitive and selective, making it ideal for trace analysis and complex sample matrices 

fluorescence detection is three times more sensitive than UV detection. It can be used routinely for assays in 

low ng /ml range, and concentration of low pg/ml often can be measured. The linearity range for these 

detectors is potentially similar to that of UV detection i.e., 10
3
 to 10

4 
.It can be used with volatile samples 

and non-volatile buffers or additives. Effect of mobile phase contamination is serious. Negative analyte peak 

may be possible. No special venting is required. 

4.ELECTRO-CHEMICAL DETECTOR: 

               Electro-chemical (EC) detector commonly used in HPLC can be classified according to their 

operation (1) direct current amperometry (DCA) or (2) conductivity. DCA detectors resemble fluorescence 

detectors in terms of both sensitivity and selectivity .DCA detectors are more sensitive. Derivatization is 

usually not used for Electro-chemical (EC) detection. Conductivity detectors are mainly used in ion-

chromatography. 

 

5. MASS SPECTROMETER DETECTOR:  

              The use of mass spectrometer for HPLC detection is becoming common place, despite the high cost 

of the detector. A mass spectrometer can facilitate HPLC method development and avoid common problems 

by: 

        ♦ Tracking and identifying individual peaks in the chromatogram between experiments 

        ♦ Distinguishing compounds of interest from minor compounds or interferences 

        ♦ Recognizing unexpected and over lapping interference peaks to avoid a premature   finish to method 

development 

 

6.REACTION DETECTORS:    

Incorporate a chemical reaction module between the column and a UV or fluorescence detector, to convert 

the analyte to a more easily detectable species. Used primarily for trace analyses. They are limited by the 

complexity and lack of ruggedness of these systems in most cases. Method development is complicated by 

the separate and often conflicting requirement of the mobile phase and the reaction medium. 

 

7. RADIO-ACTIVITY DETECTOR:  
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                 Extremely sensitive and specific for the samples that are radio-labeled, such as environmental 

studies involving agricultural chemicals or pharmaceutical tracer studies. Limited use in other areas. 

 

8. INFRA-RED (IR) DETECTORS:  

          Used only with a limited range of organic solvents. It is limited primarily to the analyses of synthetic 

polymers. Alternative applications where the solvent is removed prior to detection are not well established. 

 

9. LOW-ANGLE LASER LIGHT SCATTERING (LALLS) DETECTORS:  

              Provides measurement of analyte molecular weight, particularly suited for use with synthetic and 

bio-polymers. 

 

10. OPTICAL ACTIVITY (POLARIMETER) DETECTORS:  Used to detect enantiomers. 

 

11. VISCOMETER DETECTORS:  

                    Provides on-line measurement of changes in viscosity of the mobile phase plus analyte vs. the 

mobile phase. Well suited for carrying out assays of molecular weight distribution for synthetic and 

biological polymers. 

 

DERIVATIZATION 

                   In HPLC, derivatization is used to enhance the sensitivity and selectivity of detection when 

available detectors are not satisfactory for the underivatized compounds. Both ultra violet absorbing and 

fluorescence derivatives have been widely used. Ultra violet derivatization reagents include N-succinimidyl 

p-nitro phenyl acetate, phenyl hydrazine and 3, 5-dinitro benzyl chlorides, while fluorescent derivatives can 

be formed with reagents such as dansyl chloride, 4-bromo methyl-7-methoxy-coumarin and fluorescamine. 

Derivative formation can be carried out before the sample is injected on to the column or by online chemical 

reactions between the column out let and the detector 

 

The uses of derivatization in HPLC are to; 

 Improve detectability 

 Change the molecular structure or polarity of the analyte for better separation  Change the 

matrix for better separation 

 Stabilize a sensitive analyte 

RECORDER : 
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 The signal or response of the detector must be accumulated or displaced in some usable fashion. This 

is the function of recorders, integrators, computers or combinations of three.A recorder may be used as the 

sole readout device for liquid chromatography, or it may be used in conjunction with an integrator or 

computer. An integrator is used to integrate the area contained under the liquid chromatographic peaks since 

the peak area is generally more accurate than peak height for quantitative determinations. Integrating the 

function by converting the analog voltage signal to frequency oscillations.  

 

PERFORMANCE CALCULATIONS : 

The following values (which can be included in a custom report) are used to access overall system 

performance. 

 Relative retention              

 Theoretical plates          

 Capacity factor 

 Resolution 

 Peak asymmetry 

 Plates per meter 

The parameters used to calculate these system performance values for the separation of two 

chromatographic components. (Note: Where the terms W and t both appear in the same equation they must 

be expressed in the same units). 

 

A. RELATIVE RETENTION (SELECTIVITY) : 

 

                   Fig. – 21: Factors affecting selectivity  

                

             The selectivity is the ability of the stationary phase to distinguish between two separate sample 

components and is mathematically calculated as the ratio of the capacity factors. It is a measure of the 

distance between the apex of two chromatographic peaks that need to be resolved. A selectivity value of 1 
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implies that there is no separation between the sample components. The greater the separation, the greater 

the selectivity value.  

              = (t2 - ta) / (t1 - ta) 

             Where,  = Relative retention. 

              t2 = Retention time of the second peak measured from point of injection. 

   t1 = Retention time of the first peak measured from point of injection. 

ta = Retention time of an inert peak not retained by the column, measured from point  of injection. 

 

As the selectivity is dependent on the physical and chemical structures of the analytes, mobile phase, and 

stationary phase, it is not surprising that mobile phase composition, pH, column temperature, mobile phase 

additives and the stationary phase will affect this part of the resolution equation. 

 

       Fig. – 22 : Effect of stationary and mobile phase on selectivity 

 

B. THEORETICAL PLATES: 

 

                               Fig. – 23 : Concept of theoretical plates 

 



International Journal of Advance Research, IJOAR .org                                                                                        
ISSN 2320-916X 33 

 

IJOAR© 2013 
http://www.ijoar.org 

 

                 The column efficiency is often referred to as plate number. This characterization was derived by 

Martin and Synge who related the analyte equilibrations between the stationary and mobile phase to 

fractional distillation theory. Using this approach, the column is divided into theoretical plates. Each plate is 

the distance over which the sample components achieve one equilibration between the stationary and mobile 

phase in the column. Therefore, the more plates available on a column, the more equilibrations and the more 

separation. The smaller the height equivalent to a theoretical plate, HETP, the better the resolution.
 

                              N = 16 (t / W) 
2 

        Where,           N = Theoretical plates. 

         t = Retention time of the component. 

        W = Width of the base of the component peak using tangent method. 

 Some of the equations for calculating the column efficiency are shown above. They are derived from 

partition theory and random statistics. A typical plate number f

particles is between 5000 and 8000 plates. Of course, the more plates the less dispersion of chromatographic 

bands The number of theoretical plates is often used to establish the efficiency of a column for a given 

method. The method developer may decide that a given method is no longer valid when the plate number 

falls below a predetermined value. At that time, the column would be replaced with a new column.  

 

C. CAPACITY FACTOR : 

               The capacity factor is a measure of the retention of the sample molecule on the column. It 

represents the ratio of the elution time of the sample component to the void time of the column. Molecules 

travel with the mobile phase unless they are interacting with the stationary phase. A molecule with 

absolutely no affinity for the stationary phase would elute in one column volume with the mobile phase 

solvent front and have a k’ of 0 as calculated from the equation shown above. A high k’ value indicates that 

the sample is highly retained and has spent a significant amount of time interacting with the stationary 

phase. As you increase the k’ value, you increase the resolution between chromatographic peaks. 

                The primary way to change the sample components interaction with the stationary phase is to 

change the mobile phase composition and therefore, the k’ value. This value is more reliable than retention 

time when determining the identity of chromatographic peaks. 

  

                              K' = (t2- ta / ta) 

             Where,    K' = Capacity factor. 

                             t2 = Retention time of the second peak measured from point of injection. 

ta = Retention time of an inert peak not retained by the column, measured   from  point   of injection. 
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             Fig. – 24 : Effect of mobile phase composition on capacity factor 

 

D.RESOLUTION: 

 

                            Fig. – 25 : Concept of resolution 

R = 2 (t2 - t1) / (W2 + W1) 

R = Resolution between a peak of interest (peak 2) and the peak preceding it(Peak 1). 

 W2 = Width of the base of component peak 2. 

W1 = Width of the base of component peak 1. 

t2 = Retention time of the second peak measured from point of injection. 

t1 = Retention time of the first peak measured from point of injection. 

                Resolution between Chromatographic Peaks is the primary concern in any analysis. Another goal 

is to accomplish this task in a minimum amount of time. The resolution between two peaks can be 

mathematically quantified with the equations appearing above. The first equation uses the width of the 

chromatographic peaks at their base. This width is found by drawing tangents through each side of the 

chromatographic peak. The second equation utilizes the width of the chromatographic peak at half-height. 

This value can be obtained from most chromatographic data systems as part of an integration or 
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quantification report. A resolution value of 1.5 between two chromatographic peaks of approximately equal 

peak height is considered baseline resolution. 

 

                                        Fig. - 26 : Resolution Values 

                  As stated previously, a resolution value of 1.5 indicates baseline resolution. At a resolution of 

1.25, each peak is 99.4% pure and quantification can be done accurately. 

Any separation with resolution values of 1.5 or greater can be easily quantified using either the peak height 

or peak area. For a very rugged method resolution values of between 1.7 and 2 are appropriate.  Remember 

however, that the greater the resolution, the longer the time of separation. As a chromatographer, you will 

have to balance the desire for rugged separations with that of time and materials. 

 

Fundamental Resolution Equation for Isocratic Elution: 

This equation explains what factors affect the resolution 

 

 

N:  Total number of theoretical plates available; used for column efficiency 

k:  Capacity factor (retention factor), the peak retention function 

α:  The relative separation of the peaks; the selectivity function 

 

          Efficiency, capacity, and selectivity are the three factors control that degree of resolution between two 

chromatographic peaks. The equation above expresses the role each of these components play in 

determining the resolution between the bands. 

        The capacity or retention parameter reflects the interaction of the sample molecules with the stationary 

and mobile phases. The selectivity parameter describes the ability of the chromatographic system to 

discriminate between two or more compounds. The final parameter, the efficiency, relates to the width of the 

peaks in the separation. Obviously wider chromatographic peaks will need greater separation selectivity than 

narrow peaks to achieve adequate resolution. 
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 Increasing resolution:- 

 

Increasing temperature     Increasing  k’ and α  value 

                           Fig. – 27 : Improvement of resolution 

             In summary, the three factors that influence resolution between chromatographic peaks are capacity, 

efficiency, and selectivity. Improving the efficiency, N, sharpens peaks. Column length, type, and particle 

size primarily control this factor. Improving the capacity, k’, means moving peaks to longer or shorter 

retention times. The mobile phase and temperature primarily control this factor. Improving the selectivity, α 

means moving peaks closer or farther away from each other.  

 

E. PEAK ASYMMETRY: 

     T = W0.05 / 2f 

Where,   T = Peak asymmetry, or tailing factor. 

              W0.05 = Distance from the leading edge to the tailing edge of the peak,   measured at a point 5 % of 

the peak height from the baseline. 

              f = Distance from the peak maximum to the leading edge of the peak. 

 

F. PLATES PER METER: (N) 

  n = N / L 

where,    N = Theoretical plates. 

               L = Column length, in meters. 
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AIM AND SCOPE OF WORK: 

 

               A drug may be defined as a substance meant for diagnosis, cure, mitigation, prevention, or 

treatment of diseases in human beings or animals or for alternating any structure or function of the body of 

human being or animals. Pharmaceutical chemistry
 
is a science that makes use of general laws of chemistry 

to study drugs i.e., their preparation, chemical natures, composition, structure, influence on an organism and 

studies the physical and chemical properties of drugs, the methods of quality control and the conditions of 

their storage etc. The family of drugs may be broadly classified as  

 

1. Pharmacodynamic agents  

2. Chemotherapeutic agents 

 

 It is necessary to find the content of each drug either in bulk or single or combined dosage forms for purity 

testing. It is also essential to know the concentration of the drug and it’s metabolites in biological fluids after 

taking the dosage form for treatment.  

Scope: A key component of the overall quality of a pharmaceutical is control of impurities, as their 

presence, even in small amounts, may affect drug safety and efficacy. The determination of impurities 

presents a significant challenge to the analytical chemist. Analytical science is developing rapidly and 

provides increasing opportunity to identify the structure, and therefore the origin and safety implications of 

these impurities, and the challenges of their measurement drives the development of modern quantitative 

methods.  

Written for both practicing and student analytical chemists, analysis of Drug Impurities provides a detailed 

overview of the challenges and the techniques available to permit accurate determination of drug impurities. 

 A survey of literature reveals that good analytical methods are not available for the drug Tramadol 

Hydroch;oride. Even though very few methods of estimation of above drugs are available, many of them 

suffer from one disadvantage or the other, such as low sensitivity, lack of selectivity and simplicity etc. The 

existing physicochemical methods are inadequate to meet the requirements; hence it is proposed to improve 

the existing methods and to develop new methods to determine impurities in pharmaceutical dosage forms 

adapting different available analytical techniques like UV spectrophotometry and HPLC 
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ICH GUIDELINES: 

                              Stability Q1A - Q1F 

                                  Analytical Validation Q2 

                                  Impurities Q3A - Q3D 

                                  Pharmacopoeias Q4 - Q4B 

                                  Quality of Biotechnological Products Q5A - Q5E 

                                  Specifications Q6A- Q6B 

                                  Good Manufacturing Practice Q7 

                                  Pharmaceutical Development Q8 

                                  Quality Risk Management Q9 

                                  Pharmaceutical Quality System Q10 

                                 Development and Manufacture of Drug Substances Q11 

                                  Cross-cutting Topics 
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VALIDATION PARAMETERS OF HPLC DEVELOPMENT: 

Analytical Procedure.  

The analytical procedure refers to the way of performing the analysis. It should describe in detail the steps 

necessary to perform each analytical test. This may include, but is not limited to, the sample, the reference 

standard and the reagents preparations, use of the apparatus, generation of the calibration curve, use of the 

formulae for the calculation, etc.  

Specificity.  

Specificity is the ability to assess unequivocally the analyte in the presence of components which may be 

expected to be present. Typically, these might include impurities, degradants, matrix, etc. Lack of specificity 

of an individual analytical procedure may be compensated by other supporting analytical procedure(s).  

This definition has the following implications:  

 IDENTIFICATION: To ensure the identity of an analyte.  

 PURITY TESTS: To ensure that all the analytical procedures performed allow an accurate statement 

of the content of impurities of an analyte, i.e., related substances test, heavy metals, residual solvents 

content, etc.  

 ASSAY (Content or Potency): To provide an exact result which allows an accurate statement on the 

content or potency of the analyte in a sample.  

Accuracy.  

The closeness of agreement between the value which is accepted either as a conventional true value or an 

accepted reference value, and the value found.  

Note: When measuring accuracy, it is important to spike placebo preparations with varying amounts of 

active ingredient(s). If a placebo cannot be obtained, then a sample should be spiked at varying levels. In 

both cases, acceptable recovery must be demonstrated.  

Precision.  

The precision of an analytical procedure expresses the closeness of agreement (degree of scatter) between a 

series of measurements obtained from multiple sampling of the homogeneous sample under the prescribed 

conditions. Precision may be considered at three levels: repeatability, intermediate precision and 

reproducibility.  

Precision should be investigated using homogeneous, authentic (full scale) samples. However, if it is not 

possible to obtain a full-scale sample it may be investigated using a pilot-scale or bench-top scale sample or 

sample solution.  

The precision of an analytical procedure is usually expressed as the variance, standard deviation or 

coefficient of variation of a series of measurements. Refer to this month's "The Regulatory Clinic" for a 

discussion of AccuReg's consensual interpretations of the following terms that express precision:  
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a. Repeatability. Repeatability expresses the precision under the same operating conditions over a short 

interval of time. Repeatability is also termed intra-assay precision.  

b. Intermediate Precision. Intermediate precision expresses within-laboratories variations: different days, 

different analysts, different equipment, etc.  

c. Reproducibility. Reproducibility expresses the precision between laboratories (collaborative studies 

usually applied to standardization of methodology).  

Detection Limit.  

The detection limit of an individual analytical procedure is the lowest amount of analyte in a sample which 

can be detected but not necessarily quantitated as an exact value.  

Quantitation Limit.  

The quantitation limit of an individual analytical procedure is the lowest amount of analyte in a sample 

which can be quantitatively determined with suitable precision and accuracy. The quantitation limit is a 

parameter of quantitative assays for low levels of compounds in sample matrices, and is used particularly for 

the determination of impurities and/or degradation products.  

Linearity.  

The linearity of an analytical procedure is its ability (within a given range) to obtain test results which are 

directly proportional to the concentration (amount) of analyte in the sample.  

Note: Measurements using clean standard preparations should be performed to demonstrate detector 

linearity, while method linearity should be determined concurrently during the accuracy study. Classical 

linearity acceptance criteria are 1) that the correlation coefficient of the linear regression line is not more 

than some number close to 1, and 2) that the y-intercept should not differ significantly from zero.  

When linear regression analyses are performed, it is important not to force the origin as (0,0) in the 

calculation. This practice may significantly skew the actual best-fit slope through the physical range of use.  

Range.  

The range of an analytical procedure is the interval between the upper and lower concentration (amounts) of 

analyte in the sample (including these concentrations) for which it has been demonstrated that the analytical 

procedure has a suitable level of precision, accuracy and linearity.  

Robustness.  

The robustness of an analytical procedure is a measure of its capacity to remain unaffected by small, but 

deliberate, variations in method parameters and provides an indication of its reliability during normal usage.  

Note: Ideally, robustness should be explored during the development of the assay method. By far the most 

efficient way to do this is though the use of a designed experiment. Such experimental designs might include 

a Plackett-Burman matrix approach to investigate first order effects, or a 2k factorial design that will provide 

information regarding the first (main) and higher order (interaction) effects.  
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In carrying out such a design, one must first identify variables in the method that may be expected to 

influence the result. For instance, consider an HPLC assay which uses an ion-pairing reagent. One might 

investigate: sample sonication or mixing time; mobile phase organic solvent constituency; mobile phase pH; 

column temperature; injection volume; flow rate; modifier concentration; concentration of ion-pairing 

reagent; etc. It is through this sort of a development study that variables with the greatest effects on results 

may be determined in a minimal number of experiments.  

The actual method validation will ensure that the final, chosen ranges are robust. 

System Suitability  

In addition, prior to the start of laboratory studies to demonstrate method validity, some type of system 

suitability must be done to demonstrate that the analytical system is performing properly. Examples include: 

replicate injections of a standard preparation for HPLC and GC methods; standardization of a volumetric 

solution followed by assays using the same buret for titrimetric methods; replicate scanning of the same 

standard preparation during UV-VIS assays, etc. When the method in question utilizes an automated system 

such as a chromatograph or an atomic absorption spectrophotometer, a suitable standard preparation should 

be intermittently measured during the sample analysis run. The responses generated by the standard should 

exhibit a reasonable relative standard deviation. This is done primarily to demonstrate the stability of the 

system during sample measurements. System suitability for dissolution studies should be performed using 

both USP non-disintegrating and disintegrating tablets prior to the validation of dissolution methods.  

 

Validity Checks - General Tests  

It is important to realize that assays are not the only tests important in evaluating the qualities of a drug 

product. The USP contains numerous identity tests of a chemical nature. In these types of tests, one should 

treat a placebo preparation with the reaction reagent to ensure a negative result is achieved. Otherwise, the 

test has no meaning. Dissolution tests, for instance, should be evaluated for adequate sink conditions (i.e., 

adequate solubility in an adequate volume of the dissolution media) prior to development.  
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                              DRUG CLASS AND MECHANISM 

Orlistat (marketed as a prescription under the trade name Xenical by Roche in most countries, or over-

the-counter as Alli by GlaxoSmithKline in the United Kingdom and the United States), also known as 

tetrahydrolipstatin, is a drug designed to treat obesity. Its primary function is preventing the absorption of 

fats from the human diet, thereby reducing caloric intake. It is intended for use in conjunction with a 

physician-supervised reduced-calorie diet. Orlistat is the saturated derivative of lipstatin, a potent natural 

inhibitor of pancreatic lipases isolated from the bacterium Streptomyces toxytricini. However, due to 

simplicity and stability, orlistat rather than lipstatin was developed into an anti-obesity drug. 

The effectiveness of orlistat in promoting weight loss is definite, though modest. Pooled data from clinical 

trials suggest that people given orlistat in addition to lifestyle modifications, such as diet and exercise, lose 

about 2–3 kilograms (4.4–6.6 lb) more than those not taking the drug over the course of a year. Orlistat also 

modestly reduces blood pressure, and appears to prevent the onset of type 2 diabetes, whether due to 

weight loss itself or to other effects; in a large randomized controlled trial, orlistat was found to reduce the 

incidence of diabetes by nearly 40% in obese people. 

  PATHOPHYSIOLOGY OF OBESITY: 

The relative contributions of genetics and environment to the etiology of obesity have been evaluated in 

many studies. Although it varies from study to study, 30% to 40% of the variance in BMI can be 

attributed to genetics and 60% to 70% to environment. The interaction between genetics and environment is 

also important. In a given population, some people are genetically predisposed to develop obesity, but that 

genotype may be expressed only under certain adverse environmental conditions, such as high-fat diets and 

sedentary lifestyles.In the United States, as well as in other Western countries, greater numbers of people are 

being exposed to these adverse environmental conditions, and consequently, the percentage of people 

expressing the obesity genotype has increased. The development of obesity occurs when the caloric intake is 

disproportionate to the energy expended. Three metabolic factors have been reported to be predictive of 

weight gain: a low adjusted sedentary energy expenditure, a high respiratory quotient (RQ; carbohydrate-to-

fat oxidation ratio), and a low level of spontaneous physical activity 

Obesity increases risk for many disorders that are associated with high mortality and morbidity, including 

diabetes, hypertension, coronary heart disease (CHD), dyslipidemia, gallbladder disease, and certain 

malignancies.Not only does excess weight increase the risk of these disorders, but the pattern of fat 

distribution is important in many of these conditions. Men are more likely to have abdominal or upper-body 

obesity, whereas women are more likely to have a gluteofemoral or lower-body pattern of fat distribution. 

However, as women gain weight, they become more likely to develop abdominal and upper-body fat. There 

are now numerous prospective longitudinal studies showing that a pattern of upper-body fat distribution is 
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independently associated with higher risk of developing diabetes and cardiovascular disease  Moreover, 

cross-sectional studies show that abdominal fat distribution is related to various metabolic abnormalities and 

disorders in a manner similar to their relationship with high BMI or total fat burden  These metabolic 

abnormalities include atherogenic profile, high fibrinogen levels, hypertension, insulin resistance, 

hyperinsulinemia, glucose intolerance, arthritis, menstrual irregularities, and gallbladder disease. 

 

 

              

DRUG PROFILE OF ORLISTAT 

 

 IUPAC Name of ORLISTAT :  

(S)-((S)-1-((2S,3S)-3-hexyl-4-oxooxetan-2-yl)tridecan-2-yl) 2-formamido-4-methylpentanoate 

 Structural Formula :  
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 Molecular Formula : C29H53NO5
 
 

 Molecular  Weight : 495.735 g/mol 

 Physical apperance / Properties : 

Orlistat occurs as White Crystals.Freely soluble in chloroform; very soluble in methanol and ethanol; 

practically insoluble in water.The water log Partition Coefficient is 8.53 

MECHANISIM OF ACTION: 

          Orlistat works by inhibiting gastric and pancreatic lipases, the enzymes that break down triglycerides 

in the intestine. When lipase activity is blocked, triglycerides from the diet are not hydrolyzed into 

absorbable free fatty acids, and are excreted undigested instead. Only trace amounts of orlistat are absorbed 

systemically; the primary effect is local lipase inhibition within the GI tract after an oral dose. The primary 

route of elimination is through the feces. 

At the standard prescription dose of 120 mg three times daily before meals, orlistat prevents approximately 

30% of dietary fat from being absorbed, and about 25% at the standard over-the-counter dose of 60 mg. 

Higher doses do not produce more potent effects.
 

 

                                                 

DOSAGE AND ADMINISTRATION 

 Orlistat Dosage 

The recommended prescription dose for Orlistat(Xenical) is one capsule (120 mg) three times daily.  

The recommended dose for Orlistat(Alli) is 60 mg three times daily.  

Orlistat should be taken one hour after or during a meal containing about 15 mg of fat. Meals without fat do 

not require orlistat. No additional benefit has been shown when orlistat was taken in doses greater than 120 

mg. Patients should eat a nutritionally balanced, reduced calorie diet that contains approximately 30% of 

calories from fat. alli includes an individually tailored online weight loss support program.  

Take the missed dose up to one hour after a meal. If more than one hour has passed since your last meal, 

skip the dose you missed and take only your next regularly scheduled dose as directed. Do not take a double 

dose of this medication.  

If you miss a meal, or if you have a meal without fat, you can skip your dose of Orlistat for that meal also. : 
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. 

HOW TO TAKE ORLISTAT: 

Orlistat comes as a capsule to take by mouth. It is usually taken three times a day with each main meal that 

contains fat. Each time you take orlistat, your meal should contain no more than about 30% of calories from 

fat. Take orlistat during or up to 1 hour after a meal. If a meal is missed or does not have fat, you may skip 

your dose. Follow the directions on your prescription label carefully, and ask your doctor or pharmacist to 

explain any part you do not understand. Take orlistat exactly as directed. Do not take more or less of it or 

take it more often than prescribed by your doctor. 

STORAGE:   

Keep this medication in the container it came in, tightly closed, and out of reach of children. Store it at room 

temperature and away from excess heat and moisture.  

CLNICAL EFFICACY: 

Weight loss improves glycemic control, lipid profiles, and blood pressure in patients with type 2 diabetes. 

However, successful long-term weight loss is difficult for these patients, particularly those treated with 

insulin. The aim of this study was to assess the effect of orlistat, a gastrointestinal lipase inhibitor, on weight 

loss, glycemic control, and cardiovascular risk factors in overweight or obese insulin-treated type 2 diabetic 

patients. Orlistat therapy produces clinically significant weight loss, with improvements in glycemic control 

and cardiovascular disease risk factors, in overweight or obese patients with type 2 diabetes who have 

suboptimal metabolic control with insulin therapy. 

 

PHARMACOKINETICS: 

Absorption 

           Systemic exposure to Orlistat is minimal. Following oral dosing with 360 mg
 
C-orlistat, plasma 

radioactivity peaked at approximately 8 hours; plasma concentrations of intact orlistat were near the limits 

of detection (<5 ng/mL). In therapeutic studies involving monitoring of plasma samples, detection of intact 

orlistat in plasma was sporadic and concentrations were low (<10 ng/mL or 0.02 µM), without evidence of 

accumulation, and consistent with minimal absorption.  

The average absolute bioavailability of intact orlistat was assessed in studies with male rats at oral doses of 

150 and 1000 mg/kg/day and in male dogs at oral doses of 100 and 1000 mg/kg/day and found to be 0.12%, 

0.59% in rats and 0.7%, 1.9% in dogs, respectively 
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Distribution: 

               In vitro Orlistat was >99% bound to plasma proteins (lipoproteins and albumin were major binding 

proteins). Orlistat minimally partitioned into erythrocytes. 

Metabolism 

            Based on animal data, it is likely that the metabolism of Xenical occurs mainly within the 

gastrointestinal wall. Based on an oral
 
C-orlistat mass balance study in obese patients, two metabolites, M1 

(4-member lactone ring hydrolyzed) and M3 (M1 with N-formyl leucine moiety cleaved), accounted for 

approximately 42% of total radioactivity in plasma. M1 and M3 have an open (beta)-lactone ring and 

extremely weak lipase inhibitory activity (1000- and 2500-fold less than orlistat, respectively). In view of 

this low inhibitory activity and the low plasma levels at the therapeutic dose (average of 26 ng/mL and 108 

ng/mL for M1 and M3, respectively, 2 to 4 hours after a dose), these metabolites are considered 

pharmacologically inconsequential. The primary metabolite M1 had a short half-life (approximately 3 hours) 

whereas the secondary metabolite M3 disappeared at a slower rate (half-life approximately 13.5 hours). In 

obese patients, steady-state plasma levels of M1, but not M3, increased in proportion to orlistat doses. 

Elimination 

             Following a single oral dose of 360 mg
 
C-orlistat in both normal weight and obese subjects, fecal 

excretion of the unabsorbed drug was found to be the major route of elimination. Orlistat and its M1 and M3 

metabolites were also subject to biliary excretion. Approximately 97% of the administered radioactivity was 

excreted in feces; 83% of that was found to be unchanged orlistat. The cumulative renal excretion of total 

radioactivity was <2% of the given dose of 360 mg
 
C-orlistat. The time to reach complete excretion (fecal 

plus urinary) was 3 to 5 days. The disposition of orlistat appeared to be similar between normal weight and 

obese subjects. Based on limited data, the half-life of the absorbed orlistat is in the range of 1 to 2 hours. 

 

DRUG INTERACTIONS 

 Drug-drug interaction studies indicate that Xenical had no effect on pharmacokinetics and/or 

pharmacodynamics of alcohol, digoxin, glyburide, nifedipine (extended-release tablets), oral contraceptives, 

phenytoin, pravastatin or warfarin. Alcohol did not affect the pharmacodynamics of Xenical.  
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OVERDOSAGE 

The primary side effects of the drug are gastrointestinal-related, and include steatorrhea (oily, loose stools with 

excessive flatus due to unabsorbed fats reaching the large intestine), fecal incontinence and frequent or urgent 

bowel movements. GlaxoSmithKline recommends that all users be cautious of the possible side effects until 

they "have a sense of any treatment effects".To minimize these effects, foods with high fat content should be 

avoided; the manufacturer advises consumers to follow a low-fat, reduced-calorie diet. Oily stools and 

flatulence can be controlled by reducing the dietary fat content to somewhere in the region of 15 grams per 

meal.The manual for Alli makes it clear that orlistat treatment involves aversion therapy, encouraging the user 

to associate eating fat with unpleasant treatment effects. 

CONTRAINDICATIONS 

Orlistat is contraindicated in: 

 Malabsorption 
 Hypersensitivity to orlistat 

 Reduced gallbladder function (e.g. after cholecystectomy) 

 Pregnancy and breastfeeding 

 Use caution with: obstructed bile duct, impaired liver function, and pancreatic disease 

 

ADVERSE REACTIONS 

General 

In general, the adverse effects of orlistat are mild and transient. Because the drug is not systemically 

absorbed, most adverse effects are limited to the gastrointestinal tract and are primarily extensions of the 

pharmacologic activity of the drug. 

Gastrointestinal 

During clinical trials, approximately half of all incidents of GI adverse events associated with orlistat 

treatment lasted less than one week, and a majority lasted for no more than four weeks. However, these side 

effects may occur in some persons over a period of 6 months or longer. 

 

A 42-year-old female experienced constipation, polyuria, polydipsia, and increased lower-leg edema after 2 

weeks of treatment with orlistat 120 mg 3 times daily. After the drug was discontinued for 4 days, the 

symptoms resolved. On reinstitution of the orlistat therapy, the symptoms reappeared within 2 days. 

Thereafter, the drug was permanently discontinued. 
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Gastrointestinal (GI) side effects including oily spotting, flatus with discharge, fecal urgency, fatty or oily 

stool, oily evacuation, increased defecation, and fecal incontinence have been reported in greater than or 

equal to 5% of patients. Cholelithiasis has been reported in 2.9% of patients versus 1.8% in placebo. Other 

GI side effects possibly related to orlistat treatment have included abdominal pain and discomfort, nausea, 

infectious diarrhea, rectal pain and discomfort, tooth disorder, gingival disorder, and vomiting. At least one 

case of constipation has been reported. Pancreatitis has also been reported during postmarketing experience. 

Hypersensitivity 

Hypersensitivity side effects have rarely included pruritus, rash, urticaria, angioedema, bronchospasm, and 

anaphylaxis. At least one case of cutaneous leukocytoclastic vasculitis has also been reported. 

A 34-year-old male with a history of obesity experienced cutaneous leukocytoclastic vasculitis coincident 

with orlistat therapy. He decided to take orlistat (120 mg before meals) as medical therapy for obesity. 

Seventy-two hours after the onset of this treatment, he experienced myalgias and arthralgias. He also 

observed the presence of maculopapular lesions in rapidly increasing numbers in his lower extremities. A 

skin biopsy revealed leukocytoclastic vasculitis affecting capillaries and venules. Orlistat was discontinued 

and bed rest and nonsteroidal anti-inflammatory drugs were prescribed. Following initiation of this 

procedure, a rapid improvement of the cutaneous lesions was attained. 

Respiratory 

Respiratory side effects have included influenza, upper respiratory infection, lower respiratory infection, and 

ear, nose and throat symptoms. 

Musculoskeletal 

Musculoskeletal side effects have included back pain, pain in the lower extremities, arthritis, myalgia, joint 

disorder, and tendonitis. 

Nervous system 

Nervous system side effects have included headache and dizziness. 

Dermatologic 

Dermatologic side effects have included rash and dry skin. Rare cases of bullous eruptions have been 

reported during postmarketing experience. 

Genitourinary 

Genitourinary side effects have included menstrual irregularities and vaginitis. Urinary tract infection has 

also been reported. 

Psychiatric 

Psychiatric side effects have included psychiatric anxiety and depression. 
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Cardiovascular 

A 40-year-old previously healthy female experienced hypertension coincident with orlistat therapy. She took 

sporadic doses for some months and then increased the dosage to 120 mg three times a day. She experienced 

dizziness, peripheral edema, and pulsating headache and discontinued treatment. On medical examination, 

her blood pressure was 190/100 mm Hg on three different measurements. She was advised to discontinue 

orlistat, and a few days later her blood pressure had decreased to 160/90 mm Hg and the edema had 

regressed. 

Cardiovascular side effects have included pedal edema. At least one case of hypertension has also been 

reported. 

Hematologic 

Hematologic side effects have included decreased prothrombin, increased INR, and unbalanced 

anticoagulant treatment with changes of hemostatic parameters in patients treated concomitantly with orlistat 

and anticoagulants. 

Metabolic 

An 18-year-old female with type 1 diabetes for the past 3 years experienced diabetic ketoacidosis coincident 

with orlistat therapy. She presented to the hospital after she began taking, on her own, orlistat 120 mg three 

times per day in addition to a low-calorie diet. Laboratory data showed severe ketosis and positive urinary 

ketones. Orlistat was discontinued, and she was started on intravenous hydration and insulin. She showed 

significant improvement over a period of 5 days. 

 

A 42-year-old female experienced constipation, polyuria, polydipsia, and increased lower-leg edema after 2 

weeks of treatment with orlistat 120 mg 3 times daily. After the drug was discontinued for 4 days, the 

symptoms resolved. On reinstitution of the orlistat therapy, the symptoms reappeared within 2 days. 

Thereafter, the drug was permanently discontinued. 

Metabolic side effects have included hypoglycemia in clinical trials of obese diabetic patients. At least one 

case of diabetic ketoacidosis has also been reported, in addition to a case of polyuria and polydipsia. 

Hepatic 

Hepatic side effects have included rare reports of an increase in transaminases and in alkaline phosphatase, 

and exceptional cases of hepatitis. No causal relationship or physiopathological mechanism between 

hepatitis and orlistat therapy has been established. At least one case of severe hepatic injury has also been 

reported. Hepatic side effects submitted post-marketing to the FDA's Adverse Event Reporting System have 

included jaundice, weakness, and abdominal pain. The FDA has not established an association between liver 

injury and orlistat at this time. 

A 15-year-old female without a remarkable medical history experienced severe hepatic injury coincident 

with orlistat therapy. She had taken orlistat 120 mg three times daily for 7 days for obesity. One week later, 

she was admitted to an emergency hospital with abdominal pain, malaise, nausea, and diarrhea. Her serum 

aspartate aminotransferase and alanine aminotransferase levels were surprisingly high at 8269 intl units/L 

and 9976 intl units/L, respectively. She was given vitamin K intravenously for 5 days, and liver function 

tests results normalized within 1 month. 
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Renal 

A 57-year-old female with underlying chronic kidney disease experienced acute kidney injury secondary to 

acute oxalate nephropathy coincident with orlistat therapy. Acute kidney injury was associated temporally 

with an increased dosage of orlistat therapy and the development of increased fat malabsorption. Kidney 

biopsy indicated deposition of calcium oxalate crystals within tubular lumens, consistent with acute oxalate 

crystals within tubules. A steady improvement in renal function was subsequently observed. Results of a 

repeated 24-hour urine oxalate collection performed 3 weeks later when kidney function had improved were 

within normal parameters. 

Renal side effects including at least one case of acute oxalate nephropathy have been reported. 

Other 

Other side effects have included fatigue, otitis, and sleep disorders. 
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                              REVIEW OF LITERATURE 

(1) Validated spectrophotometric methods for estimation of Orlistat: 

The development of HPLC methods for the determination of drugs has received considerable 

attention in recent years because of their importance in the quality control of drugs and drug products. The 

goal of this study was to develop and validate a RP-HPLC method for the estimation of ORL in bulk and 

pharmaceutical commercial preparations. The main objective of method development was to determine the 

drug content present in the formulation and its % purity. The chromatographic conditions like mobile phase 

composition, flow rate was optimized and the method was developed, validated success fully. The selected 

mobile phase system gave a single sharp peak without interfering peaks. Initial development of the method 

various mobile phase phases were tried to get sharp peak, finally acetonitrile, water, phosphoric acid in the 

ratio of 80:15:0.5 (v/v/v) was selected which gave a single sharp peak with retention of 3.79 and tailing 

factor 1.6. Commercial marketed formulation of ORL was analysed for its contents and % of content was 

calculated. The proposed method was found to be simple, rapid, economic and accurate and the method 

was applicable to routine laboratory analysis. The method was validated statistically for various parameters 

like standard deviation, % relative standard deviation, slope and intercept. The proposed method was 

following linearity in the concentration range of 6-60μg/ml and obeys the beers lamberts law and above 60 

μg/ml the linear plot showing deviation from beers law. Every concentration was injected in to 

chromatographic system about six times and peak areas were noted. Greater reproducibility was obtained 

for calibration plots and it was determined by calculating the slope, intercept and %RSD for each standard 

plot. The method was found to be robust as there was no significant change in the peak area and retention 

time. The system suitability tests were performed to asses the quality performance of the method. The 

method was found to be more specific, robust and rugged and most suitable for routine analysis. 
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EXPERIMENTAL WORK 

 

CHEMISTRY OF  ORLISTAT: 

                                       

 

                                                  STRUCTURE OF ORLISTAT 

 Molecular Formula : C29H53NO5
 
 

 Molecular  Weight : 495.735 g/mol 

 Physical apperance / Properties :Orlistat occurs as White Crystals.Freely soluble in chloroform; 

very soluble in methanol and ethanol; practically insoluble in water.The water log Partition 

Coefficient is 8.53 

 

 

SOLUBILITY STUDY:  

                                      Table:5- solubility studies of tramadol hydrochloride 

 

 

 

 

 

 

 

 

 

 

                       REAGENTS                        SOLUBILITY 

                           Methanol                          Freely soluble 

                          Ethanol                          Freely soluble 

                           Water                          Insoluble 

http://en.wikipedia.org/wiki/Carbon
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Nitrogen


International Journal of Advance Research, IJOAR .org                                                                                        
ISSN 2320-916X 53 

 

IJOAR© 2013 
http://www.ijoar.org 

 

 

 

 

 

HPLC Instrumentation & Conditions: 

 

 

Shimadzu LC2010A HT instrument 

 

   The HPLC system employed was Shimadzu LC2010c HT model with UV absorbance detector. The 

monitor & processor was equipped with Winchrom software  

At the beginning PDA detector has been used to find out the absorbance maximum (λmax ) of Orlistat 

than UV-Visible detector has been used. 

TESTS: 

Solution S: 

Dissolve 1.0 g in water R and dilute to 20ml with the same solvent. 

Appearance of solution: 

Solution S is clear and colourless. 

Optical rotation : 
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0.2 degrees to + 20 degrees, determined on solution S. 

  

 

 

RELATED SUBSTANCES : 

Liquid chromatography: 

Test solution : 

Dissolve different concentrations of the substance to be examined in the mobile phase  to 25ml with the 

mobile phase. 

Reference solution : 

Dissolve 25 mg of the test substance with 25 ml with the mobile phase. 

Column: ODS-3 

Size :L= 250 mm x 4.6 mm i.d.5um particle size 

Stationary phase: 

Base-deactivated end-capped octylsilyl silica gel for chromatography R (5m) 

Mobile phase: 

Acetonitrile, Methanol, Trifluoroacetic acid in the ratio of 17.5:82.5:0.01 v/v/v for 100ml. 

Flow rate : 0.7 ml/min.  

Direction : spectrophotometer at 210 nm.  

Injection : 10 l. 

Run time : 30 minutes. 

Resolution: minimum 2.0 between the peaks. 

LIMITS: 

Impurity A: Not more than the area of the principle peak in the chromatogram obtained with reference 

solution(a) (0.2 %) 

Any other impurity : not more than 0.5 times the area of the principle peak in the chromatogram obtained 

with reference solution(a) (0.1 %) 

Total: Not more than twice the area of the principle peak in the chromatogram obtained with reference 

solution(a) (0.4%) 

Disregard limit: 0.1 times the area of the principle peak in the chromatogram obtained with reference 

solution (a) (0.02 %) 
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CHROMATOGRAMS: 
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RESULT,  DISCUSSION  &  FUTURE  PLAN 

 

                    To develop a precise, linear, specific & suitable impurity determining RP-HPLC method for 

analysis of  Orlistat, different chromatographic conditions were applied.  

                    Isocratic elution is simple, requires only one pump & flat baseline separation for easy and 

reproducible results. So, it was preferred for the current study over gradient elution.  

                    In case of RP-HPLC various columns are available, but here ODS-3, 250mm x 4.6mm,5um 

particle size column was preferred because using this column peak shape, resolution and absorbance were 

good.  

                   Mobile phase & diluent for preparation of various samples were finalized after studying the 

solubility of API in different solvents of our disposal ( acetonitrile, trifluoroacetic acid, methanol, ).  

                   Detection wavelength was selected after injecting the standard solution of drug to the HPLC 

with UV detector (210 nm). From the chromatogram of  Orlistat  by UV detector it is evident that the further 

HPLC work can be carried out by using UV-visible detector in the wavelength range of 210-230 nm 

conveniently. Further, a flow rate of 0.7 ml/min & an injection volume of 10 l were found to be the best 

analysis of Orlistat. 

                    The result shows the developed method is yet another suitable method for assay and stability 

studies which can help in the analysis of Orlistat in different formulations. 

                     The Future plan for proceeding in this experiment is to develop the method and its validation 

for the analysis of Orlistat to yield good therapeutic levels by its analysis using a method developed in 

HPLC 
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CONCLUSION 

 

                  A sensitive & selective stability indicting RP-HPLC method has been developed & validated for 

the analysis of Orlistat API.  

                 Based on peak purity results, obtained from the analysis of force impurity containing samples 

using described method, it can be concluded that the absence of co-eluting peak along with the main peak of  

Orlistat indicated that the developed method is specific for the estimation of Orlistat in its estimation.Further 

the proposed RP-HPLC method has excellent sensitivity, precision and reproducibility.  
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