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Abstract

Chromatography is an important biophysical technique that enables the separation, identification, and purification of
the components of a mixture for qualitative and quantitative analysis. Proteins can be purified based on
characteristics such as size and shape, total charge, hydrophobic groups present on the surface, and binding capacity
with the stationary phase. Four separation techniques based on molecular characteristics and interaction type use
mechanisms of ion exchange, surface adsorption, partition, and size exclusion. Other chromatography techniques are
based on the stationary bed, including column, thin layer, and paper chromatography. Column chromatography is
one of the most common methods of protein purification.*
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Introduction

High-Performance Liquid Chromatography (HPLC) has emerged as one of the most powerful and widely employed
analytical techniques for the quantitative determination of pharmaceutical compounds. Its ability to provide high
sensitivity, selectivity, and reproducibility makes it particularly suitable for the analysis of rabeprazole in bulk
pharmaceutical dosage forms. However, the development and validation of an HPLC method specific to rabeprazole
necessitate a comprehensive investigation to establish a robust and reliable analytical procedure.?

The method development involves the systematic optimization of various parameters such as the mobile phase
composition, column type, detection wavelength, and flow rate to achieve a well-resolved and efficient
chromatographic separation of drug from potential impurities or excipients. This optimization is crucial not only for
accurate quantification but also for minimizing analysis time and ensuring the cost-effectiveness of the analytical
procedure.’

Following method development, a thorough validation process is imperative to verify the reliability and suitability
of the developed HPLC method. Method validation serves as a critical step in demonstrating that the analytical
procedure is capable of providing accurate, precise, and reproducible results. The validation parameters typically
include specificity, linearity, accuracy, precision, limit of detection (LOD), limit of quantification (LOQ), and
robustness. Each of these parameters contributes to the overall assessment of the method's performance and its
applicability to routine pharmaceutical analysis.*

Furthermore, the validation process must comply with regulatory guidelines, such as those outlined by the
International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH), to

ensure that the developed method meets the required standards for pharmaceutical analysis.®
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This research aims to contribute to the field of pharmaceutical analysis by systematically developing and validating
an HPLC method for the estimation of rabeprazole in bulk pharmaceutical dosage forms. The outcome of this
research will provide a reliable analytical tool for quality control laboratories in the pharmaceutical industry,
ensuring the accurate assessment of rabeprazole content in various formulations Pharmaceutical analysis plays a
very prominent role in quality assurance as well as quality control of bulk drugs and pharmaceutical formulations.
Rapid increase in pharmaceutical industries and production of drug in various parts of the world has brought a rise in
demand for new analytical techniques in the pharmaceutical industries.®

As a consequence, analytical method development has become the basic activity of analysis. Recent development in
analytical methods has been resulted from the advancement of analytical instruments. The improvement of the
analytical method development and analytical instruments have reduced the time of analysis, increased precision and
accuracy and reduced costs of analysis. As a consequence, most of pharmaceutical organizations are investing huge
amount of money for the establishment of advanced analytical laboratories.”

Analytical techniques are developed and validated for active pharmaceutical ingredients (API), excipients, drug
products, degradation products and related substances, residual solvents, etc. As a result, it has become an integral
part of the requirements of the regulatory organization. Analytical method development finally results in official test
methods. These methods are used in quality control laboratories to ensure the identity, purity, safety, efficacy and
performance of drug products. Regulatory authorities are placing greater emphasis on analytical methods in
manufacturing. Drug approval by regulatory authorities requires the applicant to prove control of the entire process
of drug development by using validated analytical methods and ultimately enhancing the safety and efficacy of the
end products.®

Analytical Method Development

Pharmaceutical analysis plays a very prominent role in quality assurance as well as quality control of bulk drugs and
pharmaceutical formulations. Rapid increase in pharmaceutical industries and production of drug in various parts of
the world has brought a rise in demand for new analytical techniques in the pharmaceutical industries. As a
consequence, analytical method development has become the basic activity of analysis. Recent development in
analytical methods has been resulted from the advancement of analytical instruments. The improvement of the
analytical method development and analytical instruments have reduced the time of analysis, increased precision and
accuracy and reduced costs of analysis. As a consequence, most of pharmaceutical organizations are investing huge
amount of money for the establishment of advanced analytical laboratories. Analytical techniques are developed and
validated for active pharmaceutical ingredients (API), excipients, drug products, degradation products and related
substances, residual solvents, etc. As a result, it has become an integral part of the requirements of the regulatory
organization. Analytical method development finally results in official test methods. These methods are used in
quality control laboratories to ensure the identity, purity, safety, efficacy and performance of drug products.
Regulatory authorities are placing greater emphasis on analytical methods in manufacturing. Drug approval by
regulatory authorities requires the applicant to prove control of the entire process of drug development by using
validated analytical methods.®

Development of Method Required due to Change
Validation of the Method <= Revalidation Needed due to

r—».\[ethu‘, in Routine Use

Validated & Reformed @ Change the Method

Change

Validated yet Changed

Figure 1: Life cycle of analytical method
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Purpose of analytical method development

Drug analysis reveals the identification characterization & determination of the drugs in mixtures like dosage forms
& biological fluids. During manufacturing process and drug development the main purpose of analytical methods is
to provide information about potency, bioavailability, stability and effect of manufacturing parameters to ensure that
the production of drug products is consistent. The concept of quality control is intended to examine and identify a
genuine and right product by series of measures designed to avoid and get rid of errors at varied stages in
production. To take a decision to release or discard a product is based on one or more sorts of control actions.
Providing simple and analytical process for various complex formulations is a subject matter of utmost importance.
Rapid increase in pharmaceutical industries and constant production of drug in various parts of the world has
brought a quick rise in demand for new analytical techniques in the pharmaceutical industries as a consequence;
analytical method development has become the basic activity of analysis in a quality control laboratory. The reasons
for the development of novel methods of drug analysis are:

a) When there is no official drug or drug combination available in the pharmacopoeias.

b) When there is no decorous analytical process for the existing drug in the literature due to patent regulations.

c) When there are no analytical methods for the formulation of the drug due to the interference caused by the
formulation excipients.

d) Analytical methods for the quantization of the analyte in biological fluids are found to be unavailable.

e) The existing analytical procedures may need costly reagents and solvents. It may also involve burdensome
extraction and separation procedures.°

Analytical Method Validation Procedure

The steps involved in development, validation and determination of validation parameters, also termed analytical
performance characteristics, depend upon the type and nature of the analytical method. Pharmaceutical analytical
methods are categorized into five general types, namely, identification tests, potency assays, impurity tests, impurity
tests and specific tests. The first four tests are universal tests, but the specific tests such as particle-size analysis and
X-ray diffraction studies are used to determine specific properties of the active pharmaceutical ingredient (API) or
the drug product. A method has to be validated when it is necessary to verify whether its performance parameters
are adequate for use for a particular analytical problem. For example,

(a) When a new method is developed for a specific problem

(b) When indications exist that an established method is changing with time

(c) When an established method is revised to incorporate changes/improvements or to extend it for another purpose
(d) When an established method is used in a different laboratory, or with different analysts or different
instrumentation

(e) To demonstrate the equivalence between two methods.

The extent of validation or revalidation required would depend on the nature of the changes made in reapplying a
method to different laboratories, instrumentation or operators, and the circumstances in which the method is going to
be used. Some degree of validation is always appropriate even when using apparently well-characterized standard or
published methods. A well-developed method should be easy to validate. As the development of the method and the
validation process advance, the information gathered is captured in the design and subsequent improvement of the
method. Ideally, the validation protocol should be written only following a thorough understanding of the method’s
capabilities and intended use. The validation protocol will list the acceptance criteria that the method can meet. Any
failure to meet the criteria will require that a formal investigation is conducted.!

Validation Parameters
() Specificity: It is the ability of the method to measure the analyte response accurately in the presence of all
potential sample components, referred to as the sample matrix.
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(b) Linearity and Range: The linearity of an analytical method refers to the ability to elicit test results that are, either
directly or by well-defined mathematical transformations, proportional to the concentration of analyte in the sample
over the entire range of interest.

(c) Accuracy: The accuracy of an analytical method is the closeness of the result obtained to the true value.

(d) Precision: The precision of the method is defined as the degree of scatter of individual test results of multiple
measurements of a homogenous sample.

(e) Limit of detection: Limit of detection (LOD) is the lowest concentration of analyte that can be reliably detected
using the method but not necessarily quantified. The LOD of a method should be established quite early in the
method development-validation process and its determination should be repeated using the specific wording of the
final procedure.

(F) Limit of quantitation: The limit of quantitation (LOQ) is the concentration at and above which the analyte can be
reliably quantitated with a previously defined level of certainty.

(9) Robustness: Robustness is the ability of the method to remain unaffected by small changes in method parameters
carried out deliberately or otherwise during the validation/usage of analytical methodology.

(h) Ruggedness: Ruggedness is not defined by ICH guidelines. It is defined by the USP as the degree of
reproducibility of test results obtained by analysis of the same samples under a variety of conditions.

(i) System suitability: The system has to be tested for its suitability for the intended purpose.

(j) Stability: During the earlier validation studies, the method developer gained some information on the stability of
reagents, mobile phases, standards, and sample solution.*?
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Chromatography is based on the principle where molecules in mixture applied onto the surface or into the solid, and
fluid stationary phase (stable phase) is separating from each other while moving with the aid of a mobile phase.
Stationary phase: This phase is always composed of a “solid” phase or “a layer of a liquid adsorbed on the surface a
solid support”.

Mobile phase: This phase is always composed of “liquid” or a “gaseous component.”

Stationary phase in chromatography is a solid phase or a liquid phase coated on the surface of a solid phase. Mobile
phase flowing over the stationary phase is a gaseous or liquid phase. The purpose of applying chromatography
which is used as a method of quantitative analysis apart from its separation is to achieve a satisfactory separation
within a suitable time interval.

The type of interaction between stationary phase, mobile phase, and substances contained in the mixture is the basic
component effective on separation of molecules from each other.

Chromatography methods based on partition are very effective on separation, and identification of small molecules
as amino acids, carbohydrates, and fatty acids.
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Column chromatography is used for the purification of biomolecules. On a column (stationary phase) firstly the
sample to be separated, then wash buffer (mobile phase) are applied. Their flow through inside column material
placed on a fiberglass support is ensured.*

Colunmn chromatosrapiy T

Affinity chromatography is a method for selective purification of a molecule or group of molecules from complex
mixtures based on highly specific biological interaction between the two molecules. The interaction is typically
reversible and purification is achieved through a biphasic interaction with one of the molecules (the ligand)
immobilized to a surface while its partner (the target) is in a mobile phase as part of a complex mixture. Affinity
chromatography is more effective in the separation of macromolecules as nucleic acids, and proteins. 4

Affinity Chromatography
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In Paper chromatography support material consists of a layer of cellulose highly saturated with water. In this
method a thick filter paper comprised the support, and water drops settled in its pores made up the stationary “liquid
phase.” Mobile phase consists of an appropriate fluid placed in a developing tank. Paper chromatography is a
“liquid-liquid” chromatography. Paper chromatography is used in the separation of proteins, and in studies related to
protein synthesis.®
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In Gas Chromatography separation is achieved by a series of partitions between a moving gas phase and a stationary
liquid phase held in a small diameter tube (the column) after a mixture is injected as a narrow band. A detector then
monitors the composition of the gas stream as it emerges from the column carrying separated components, and the
resulting signals provide the input for data acquisition. GC can be applied to the analysis of mixtures, which contain
compounds with boiling points from near zero to over 700 K, or which can be heated sufficiently without
decomposition to give a vapor pressure of a few mmHg. Gas chromatography is applied for gases, and mixtures of
volatile liquids, and solid material. ¢
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Gel Chromatography use dextran containing materials to separate macromolecules based on their differences in
molecular sizes. This procedure is basically used to determine molecular weights of proteins, and to decrease salt
concentration. Gel chromatography is used for the purification of RNA, DNA particles, and viruses.
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Thin-layer chromatography (TLC) is performed on a sheet of glass, plastic, or aluminum foil, which is coated with a
thin layer of adsorbent material, usually silica gel, aluminum oxide, or cellulose (blotter paper). This layer of
adsorbent is known as the stationary phase. After the sample has been applied on the plate, a solvent or solvent
mixture (known as the mobile phase) is drawn up the plate via capillary action. Because different analyte ascend the
TLC plate at different rates, separation is achieved.’

Thin Layer Chromatography

Stationary Phase Mobile Phase

Sample spotted on TLC plate Compounds separated based on their polarity over time
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High performance Liquid Chromatography (HPLC) is one of the most popular and mature analytical techniques and
by far the most widely used separation technique. It has been used in laboratories worldwide over the past 40-plus
years for pharmaceutical sciences, clinical chemistry, food and environmental analyses, synthetic chemistry, etc.
HPLC has gained its popularity mainly due to its reliability (use of pressure driven liquid support) and versatility
(possibility of adjusting the composition of both mobile and stationary phases). The chromatographic mode or
separation mechanism depends on the overall interactive relationships between the stationary phase, the mobile
phase and the analyte.®
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High Performance Liquid Chromatography
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Application area of Chromatography in Medicine

Chromatography technique is a valuable tool for biochemists, besides it can be applied easily during studies performed in
clinical laboratories For instance; paper chromatography is used to determine some types of sugar, and amino acids in
bodily fluids which are associated with hereditary metabolic disorders. Gas chromatography is used in laboratories to
measure steroids, barbiturates, and lipids. Chromatographic technique is also used in the separation of vitamins, and
proteins.®
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