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Preface





This book is a self explanatory book to understanding the basics of chromatography. I have tried to share my knowledge and put together a complete theoretical and practical approach to one instrumental technique, HPLC, in simple English. HPLC is an essential instrument used for the separation and analysis of chemicals as well as drug molecules. It is the most important method of analysis and is helpful for the study of organic and inorganic compound analysis. The aim of this book's publication is to create an interest in students to study and understand pharmaceutical analysis by HPLC in detail and to provide an introduction to UPLC. This book can be used by UG as well as PG students of pharmacy and analytical chemistry to learn the basics of HPLC method development and the estimation of drugs using this instrument. The essentials of new method development, validation in accordance with ICH guidelines, and calibration techniques are also thoroughly explained.


It's my pleasure to write this book to support the teaching staff and students in gaining insights and knowledge on this subject. I am thankful to my management, staff, and my brothers for their support in writing this small textbook.


- Author
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CHAPTER
ONE









 

INTRODUCTION TO CHROMATOGRAPHY


Drug analysis, namely, identification, characterization and determination of drugs in dosage forms and biological fluids, play an important role in the development, manufacture and therapeutic use of the drug. Drugs are developed and manufactured as dosage form prior to their use by patients. Dosage forms require a variety of tests and standards to assure their therapeutic benefits. Administration of two or more drugs at a time becomes necessary for several therapeutic reasons. There exist several drug combinations, referred to as multi-component dosage forms, which have proved to be effective due to their combined mode of action in the body. These drug combinations not only offer better therapeutically effective due to additive or synergistic effects but are also administrated as a single dosage, economy in production.


This book deals with the studies carried out by the writer in her teaching experience for the past Twenty Six years in the Pharmaceutical Analysis subject and Research carried out on the development and validation of HPLC and spectrophotometric methods for selected multi-component drugs in their formulations.


IMPORTANCE OF NEWER ANALYTICAL METHODS


The number of drugs and drug formulations introduced into the market by pharmaceutical industries has been increasing at an alarming rate. These drugs or formulations may be either new entities or partial structural modifications of the existing ones or novel dosage forms (controlled/ sustained release formulations), or multi-component dosage forms.


The development of newer analytical methods for the estimation of these drugs or drug combinations is necessary because of the following reasons:


• Analytical methods for the quantification of the drugs in different combination forms and biological fluids may not be available.


• The drug combination may not be official in any pharmacopoeia


• A literature search may not reveal any analytical procedure and methods for drug combinations due to the interference caused by excipients


• Analytical methods for a drug in combination with other drugs may not be available


Newer methods are also recommended when the existing methods,


• May require expensive instruments, reagents and solvents used,


• May involve cumbersome extraction or separation steps which are timeconsuming and


• May not be simple, rapid, reliable and sensitive.


ESTIMATION OF DRUGS IN THEIR FORMULATIONS


Estimation of drugs in their formulations, however, is difficult because of the presence of one or more drug components in addition to additives. In the process of estimation, it is important to confirm that one component does not interfere with the estimation of the other. The complexity of these formulations thus poses a challenge to the analytical chemist during the development of dosage form assay methods. Analytical methods for the estimation of drugs in their formulations include:



1. Classical separation and analysis



The components of interest are subjected to classical separation techniques like extraction or isolation in this process. A suitable estimation procedure is then selected to quantify the components by gravimetric and volumetric methods.


(a) Volumetric Analysis (Different types of Titrations)


(b) Gravimetric Analysis (Precipitation Analysis)


2. Spectral methods


Spectral techniques are used to measure the electromagnetic radiation, which is either absorbed or emitted by the sample as a function of the drug concentration, UV-Visible spectroscopy, fluorimetry, flame photometry, and NMR are some of the important techniques.


3. Electroanalytical methods


They involve the measurement of current, voltage or resistance as a property of the concentration of the drug component. Potentiometer, Conductometry and Amperometry are some of the important techniques.


4. Chromatographic methods


Chromatography is a method of separation where the individual components are separated and analyzed. In this technique, two or more components are separated by a dynamic differential migration process in a system consisting of two phases, one of which moves continuously in a given direction in which the individual components exhibit different mobility due to the difference in their adsorption or partition or molecular size etc. The most reliable and widely used chromatographic techniques used for the estimation of drugs in their formulations are


(a) Gas-liquid chromatography (GLC)


In this technique, a carrier gas is used as the mobile phase that passes over a liquid non-volatile stationary phase, coated on an inert solid support. The separation is effected in accordance with the difference in partition coefficients of the components.


(b) High-performance thin-layer chromatography (HPTLC)


This is a sophisticated, advanced and automated version of thin-layer chromatography. It is the fastest-growing technique for the analysis of drugs.


(c) High-performance liquid chromatography (HPLC)


HPLC is a type of chromatography that employs a liquid mobile phase and a very finely divided stationary phase. In order to obtain satisfactory flow rates, the liquid must be pressurized to several hundred pounds per square inch or more. The high-performance liquid chromatography technique is so called because of its improved performance compared to classical column chromatography.





CHAPTER
 TWO



 

BASIC CLASSIFICATION & THEORY OF CHROMATOGRAPHY






A technique for analysis of chemical substances. The term chromatography literally means colour writing, and denotes a method by which the substance to be analysed is poured into a vertical glass tube containing an adsorbent, the various components of the substance moving through the adsorbent at different rates, according to their degree of attraction to it, and producing bands of colour at different levels of the adsorption column. The term has been extended to include other methods utilising the same principle, although no colours are produced in the column.


The mobile phase of chromatography refers to the fluid that carries the mixture of substances in the sample through the adsorptive material. The stationary phase (or adsorbent) refers to the solid material that takes up the particles of the substance passing through it. Kaolin, alumina, silica and activated charcoal have been used as adsorbing substances or stationary phases.
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Fig. 2.1 Column Chromatography.








 



Classification of chromatographic techniques tends to be confusing because it may be based on the type of stationary phase, the nature of the adsorptive force, the nature of the mobile phase, or the method by which the mobile phase is introduced.


The technique is a valuable tool for the research biochemist and is readily adaptable to investigations conducted in the clinical laboratory. For example, chromatography is used to detect and identify in body fluids certain sugars and amino acids associated with inborn errors of metabolism.
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Fig. 2.2 The Classification of Chromatography Systems.




(a) Adsorption chromatography


That is a technique in which the stationary phase is an adsorbent. It may be solid or liquid


And separation depends on the adsorption phenomenon.


(b) Column chromatography


The technique in which the various solutes of a solution are allowed to travel down a column, the individual components being adsorbed by the stationary phase. The most strongly adsorbed component will remain near the top of the column; the other components will pass to positions farther and farther down the column according to their affinity for the adsorbent. If the individual components are naturally coloured, they will form a series of coloured bands or zones.


Column chromatography has been employed to separate vitamins, steroids, hormones and alkaloids and to determine the amount of these substances in samples of body fluids.


(c) Affinity chromatography


A method of chromatography that utilises the biologically important binding interactions that occur on protein surfaces. For example, an enzyme substrate is covalently coupled to an inert matrix such as a polysaccharide bead. The enzyme can be bound to the bead and thereby separated when present in very low concentration in a very complex mixture of other macromolecules.


(d) Size Exclusion chromatography


In which the stationary phase is a gel having a closely controlled pore size. Molecules are separated based on molecular size and shape, smaller molecules being temporarily retained in the pores.


(e) Gel-filtration chromatography, Gel-permeation chromatography 


Size Exclusion chromatography.


(f) Molecular sieve chromatography


(g) Gas chromatography (GC)


A type of chromatography in which the mobile phase is an inert gas. Volatile components of the sample are separated in the column and measured by a detector. The method has been applied in the clinical laboratory to separate and quantify steroids, barbiturates and lipids.


(h) Gas-liquid chromatography (GLC)


An inert gas moves gas chromatography in which the substances are to be separated along a tube filled with a finely divided inert solid coated with a nonvolatile substance; each component migrates at a rate determined by its solubility in the stationary phase and its vapour pressure.
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