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Chromatography is largely used in chemical analysis, where High-
performance liquid chromatography (HPLC), a very flexible approach, is used to
separate analytes by passing them through a column filled with micrometer-sized
particles. Chromatography is essentially a separation technique. Now a days, the
most popular separation method in HPLC is reversed-phase chromatography.
This is due to the reversed phase method's ease of use, adaptability, and range,
which allow it to handle compounds with a wide range of molecular masses and
polarities. In the field of biological separation and purification, reversed phase
chromatography has been used for both analytical and preparative purposes.
Proteins, peptides, and nucleic acids are examples of molecules with some degree
of hydrophobicity that can be separated using reversed phase chromatography
with good recovery and resolution. In addition to providing a brief overview of
the crucial chromatographic parameters that must be optimized for an effective
method development, this paper discusses the significance of RP-HPLC in
analytical method development and their techniques.

Keywords: HPLC, RP-HPLC, Analytical methods, Chromatographic
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INTRODUCTION

The most potent analytical method that modern chemists have at their disposal is most likely

chromatography [!. Its Ability To quantitatively identify several different components present in a mixture using
a single analytical process is what gives it its power 2. An analytical chemistry and biochemistry, high-
performance liquid chromatography (HPLC) is a chromatographic method that can separate a mixture of
substances and is used to identify, measure, and purify the mixture's constituent parts 3, The primary components
of HPLC are a column that contains the stationary phase (packing material), a pump that circulates the mobile
phase or phases through the column, and a detector that displays the molecular retention periods. The interactions
between the stationary phase, the molecules under study, and the solvent or solvents employed all affect retention
time™ A tiny volume of the sample to be examined is added to the mobile phase stream, and it is delayed by
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particular chemical or physical reactions with the stationary phase. The kind of analyte and the makeup of the
stationary and mobile phases determine how much retardation occurs. The retention time is the moment at which
a particular analyte elutes, or exits the end of the column. Any miscible mixtures of water or organic liquids
methanol and acetonitrile being the most popular are utilized as solvents 1. Gradient elution is the term for the
separation process used to change the composition of the mobile phase during the analysis.

Types of HPLC
Types of HPLC generally depend on phase system used in the process. Following types of HPLC
generally used in analysis.

Normal Phase Chromatography

This technique, also referred to as Normal Phase HPLC (NP-HPLC), separates analytes according to
their polarity. A polar stationary phase and a non-polar mobile phase are used in NP-HPLC. The polar stationary
phase reacted with the polar analyte and held it. The interaction between the polar analyte and the polar stationary
phase lengthens the elution time, and adsorption intensities rise as analyte polarity rises.

Reversed Phase Chromatography

Also known as RP-HPLC or RPC, reversed phase HPLC consists of an aqueous, moderately polar mobile
phase and a non-polar stationary phase. Hydrophobic interactions, which arise from repulsive forces between a
polar eluent, the relatively non-polar analyte, and the non- polar stationary phase, are the basis for RPC's
operation. The binding of the analyte to the stationary phase is proportional to the contact surface area around the
non-polar segment of the analyte molecule upon association with the ligand in the aqueous eluent.[!

Size Exclusion Chromatography (SEC)

Also referred to as gel permeation chromatography or gel filtration chromatography, SEC primarily uses
size to separate particles. It is also helpful in figuring out the quaternary and tertiary structures of amino acids and
proteins. This method is frequently employed to determine the molecular weight of polysaccharides. Exchange
chromatography of ions: The attraction between solutions and charged sites attached to the stationary phase is the
basis for retention in ion exchange chromatography. The same charge ions are not included. This type of
chromatography is frequently employed in high-pH anion-exchange chromatography of carbohydrates and
oligosaccharides, ligand exchange chromatography, ion-exchange chromatography of proteins, and water
purification, among other applications. [

The bio affinity Chromatography

Separation based on specific reversible interaction of proteins with ligands. Ligands are covalently
attached to solid support on a bio-affinity matrix, retains proteins with interaction to the column-bound ligands.
Proteins bound to a bio affinity column can be eluted in two ways:

Bio specific elution: inclusion of free ligand in elution buffer which competes with column bound ligand.

A specific elution: change in pH, salt, etc. which weakens interaction protein with column- bound

substrate. Because of specificity of the interaction, bio affinity chromatography can result in very high purification
in a single step (10 - 1000-fold).

Theory of reverse phase chromatography

In the field of biological separation and purification, reversed phase chromatography has been used for
both analytical and preparative purposes. Reversed phase chromatography may separate molecules with a certain
amount of hydrophobicity with good recovery and resolution.®'The hydrophobic binding interaction between
the solute molecule in the mobile phase and the immobilized hydrophobic ligand, or stationary phase, is what
drives the separation mechanism in reversed phase chromatography. There is much disagreement on the true
nature of the hydrophobic binding interaction.

However, the prevailing belief is that a beneficial entropy effect is the cause of the binding interaction.
In reversed phase chromatography, the initial mobile phase binding conditions are mostly aqueous, indicating a
high degree of ordered water structure around the immobilized ligand and the solute molecule. The amount of
hydrophobic material accessible to the solvent is reduced as the solute attaches itself to the immobilized
hydrophobic ligand. As a result, the degree of structured water structure decreases while system entropy
favourably increases. In this way, it is advantageous from an energy point of view for the hydrophobic moieties,
i.e. solute and ligand, to associate. ['% figure 1.
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Fig 1: Interaction of a solute with a typical reversed phase medium

It is hypothesized that the water next to hydrophobic areas is more highly organized than the water in general.
When the hydrophobic patches contact, some of this "structured" water is displaced, increasing the system's
overall entropy. Reversible adsorption/desorption of solute molecules with different levels of hydrophobicity to
a hydrophobic stationary phase is essential for reversed phase chromatography separations. The majority of
reversed phase separation experiments are performed in several fundamental steps as illustrated in Figure2.
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Figure2:Principle of reversed phase chromatography with gradient elution.

Choice of Separation Medium

The proper choice of reversed phase medium is critical for the success of a particular application .This choice
should be based on the following criteria:

1) The unique requirements of the application, including scale and mobile phase conditions

2) The molecular weight, or size of the sample components.

3) The hydrophilicities of the sample components.

4) The class of sample components.

Analytical method development using RP-HPLC

The process of developing a method includes determining the chromatographic parameters, optimizing
the separation conditions, and choosing appropriate stationary and mobile phases. The stationary and mobile
phases are selected based on the physicochemical properties of the sample's constituent parts, including polarity,
solubility, and acid-base properties. As part of the separation conditions optimization procedure, the temperature,
solvent strength, and pH must be changed to get the desired separation!!!. To achieve the desired separation, the
fixed and mobile phases must be chosen carefully during the technique development process. The stationary
phase, which is typically composed of a hydrophobic material such as C18, C8, or phenyl, interacts with the
analytes based on their degree of hydrophobicity'?

In contrast, the mobile phase is usually a combination of an organic solvent, like methanol or acetonitrile,
and an aqueous phase. The characteristics of the sample and the intended separation determine the composition
of the mobile phase. In contrast, the mobile phase is usually a combination of an organic solvent, like methanol
or acetonitrile, and an aqueous phase. The characteristics of the sample and the intended separation determine the
composition of the mobile phase [ Once the separation conditions have been improved, determining the
chromatographic parameters is crucial to verifying the procedure's correctness and reliability. Retention time is
the most often used chromatographic measure to identify the analytes in a sample. Selectivity, a measurement of
the distance between two analytes, is calculated using the corresponding retention periods of the two analytes.
Resolution, a measure of the separation between the two peaks, is calculated by measuring the peak width sand
distances between two adjoining peaks ', The RP-HPLC method development process comprises determining
chromatographic parameters, optimizing separation conditions, and selecting the appropriate stationary and
mobile phases in order to achieve a reliable and accurate separation of the analytes. Determining the
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chromatographic parameters and optimizing the separation conditions are crucial phases in pharmaceutical
analysis that. Ensure the procedure's correctness and dependability 151

Therefore, development of a new HPLC method involves selection of best mobile phase, best detector,
best column, column length, stationary phase and best internal diameter for the column.['®The analytical strategy
for HPLC method development contains a number of steps,
[17las shown in figure3.

Sample Preparation

l

ISample Preparationl

L < [Separation |

| Measurement |
<—>Detection |
d:
I Evaluation |

Figure 3: A Typical Strategy for HPLC Method Development.

Sample preparation and collection

Ideally, the sample should dissolve in the initial mobile phase. If stability or solubility issues prevent
this, the sample can be made more soluble by adding salt, acetic acid, or formic acid. As long as the volume of
the loaded sample is modest in relation to the volume of the column, these additions typically have little influence
on the separation. The only effect when large sample volumes are applied may be an extra peak or two eluting in
the void volume after sample injection.
In order to produce a consistent and repeatable solution that can be injected onto the column, sample preparation
is a crucial step in HPLC analysis.
o Is relatively free of interferences,
o Will not damage the column, and
e Is compatible with the intended HPLC method that is, the sample solvent will dissolve in the mobile phase
without affecting sample retention or resolution. ['®
Sample preparation includes all of the procedures listed in Tablel and starts at the moment of collection and
continues through sample injection into the HPLC column. Each of these procedures plays a crucial role in sample
preparation and has a significant impact on the final method's accuracy, precision, and usability.

Measurement: The measurement of a given analyte can often be divided into a separation step and a Detection
step.

Separation: It is preferable to separate the analytes in a mixture before detection. Simple LC consists of a column
with a fritted bottom containing the stationary phase in equilibrium with a solvent. More solvent is added when
the mixture to be separated is put onto the top of the column. Due to variations in their partitioning behavior
between the stationary phase and mobile liquid phase, the various components in the column pass at varying
rates.'”)

Sample pretreatement option:

e Sample Collection: Obtain representative sample using statistically valid processes.

e Sample Storage and Preservation: Use appropriate inert, tightly sealed containers; be especially careful with
volatile, unstable, or reactive materials; biological samples may require freezing.

e Preliminary Sample Processing: Sample must be in a form for more efficient sample pretreatment (e.g.,
drying, sieving, grinding, etc.); finer dispersed samples are easier to dissolve or extract

e Weighing or Volumetric Dilution: Take necessary precautions for reactive, unstable, or biological materials;

for dilution, use calibrated volumetric glassware.

Alternative Sample Processing Methods: Solvent replacement, desalting, evaporation, freeze drying, etc.

Removal of Particulates: Filtration, solid-phase extraction, centrifugation.

Sample Extraction: Different methods used for liquid samples and solid samples.

Derivatization: Used mainly to enhance analyte detection; sometimes used to improve separation.
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Detection: High-purity reagents and solvents are necessary to guarantee the lowest detection limits for maximum
sensitivity. The UV range is where all organic solvents and a variety of additives, including pairing agents, absorb,
and the wavelength affects the detection limit.?%! Over the past three decades, numerous LC detectors have been
created using arrange of distinct sensing techniques to identify the analytes following chromatographic
separations. Only around twelve of them, nevertheless, are useful for LC analysis, and only four of those twelve
are frequently employed. The UV detector (both fixed and variable wavelength), electrical conductivity detector,
fluorescence detector, and refractive index detector are the four main detectors used in LC analysis. More than
95% of all LC analytical applications use these detectors. The sample and the analysis's goal determine which
detector is best.!]

Parameters Involved During Analytical Method Development on RP-HPLC :

Nature of sample : It is necessary to know the sample properties before beginning the method development
process. The ideal initial state selection for an HPLC separation might be aided by the test sample's chemical
makeup.

Some Important information concerning sample composition and properties are follows:

The quantity of chemicals, their molecular weights, chemical structures (functionality), pK, values, UV spectra,
maximum wavelength of absorption, and sample solubility.??

Optimization of mobile phase : The choice of the sample's characteristics and retention patterns determine the
mobile phases. Lipophilic (non-polar) solvents should be used for normal-phase HPLC. Water in the mobile phase
should be avoided since it will reduce the stationary phase's efficiency. Aqueous (polar) mobile phases, both with
and without organic modifiers, are employed in reverse-phase HPLC.[*]
For mobile phase optimization, these steps should be follows:

e Define the most excellent modifier type: tetrahydrofuran>acetonitrile>methanol.

e Define most favorable solvent strength so that retention for all components are in the range of 1-20.

e  Perform firstly isocratic reading in 20% steps of development, preparatory at100% organic.

®  Perform gradient determination of %organic mobile phase. 24

Selection of buffers : Obtaining acceptable peak shape for analytes requires the proper preference of a mobile
phase and buffer. Buffers get better peak shape of basic compounds and able to adjust the band spacing (or
selectivity) and retention of acidic or basic compounds. The strongly suggest 10 20 mM of an ammonium salt of
for the selection as a preliminary buffer

i.e. acetate, carbonate, formate and phosphate salts designed for electrolyte solutes. Further considerations for the
proper selection of a buffer system and the operation of buffers as a method development implement are given in
the section method development for ionizable compounds.

PH selection: By changing the pH of mobile phase, better separation of peaks were observed. The pH of mobile
phase was adjusted to 2.0, 3.0, 7.0 and 10.0. At low pH range 2-3.0, satisfactory separation of the drug with proper
resolution and short run time was achieved.

They are ideal for the following:

e Jonizable compounds.

e Improving peak shape of acidic or basic compounds.

e Changing selectivity or retention of acidic or basic compounds.

Detector wavelength: wavelength selected should be a wavelength of active ingredient in the UV spectrum. At
all times use a wavelength morethan10 nm from the mobile phase UV cut- off.

Flow rate programming: For the purpose of rapid analysis of the drug, mobile phase flow rate programming is
necessary for good resolution. Best results were obtained with flow rate in the range of 0.5-2.0 ml/min of selected
mobile phase. Select suitable flow rate according to the column diameter e.g. 1.0 ml/min for 4.6mm id, 0.5 ml/min
for 3.2mm id.

Column: For the purpose of rapid analysis of the drug, mobile phase flow rate programming is necessary for

good resolution. Best results were obtained with flow rate in the range of 0.5-
2.0ml/min of selected mobile phase. Select suitable flowrate according to the column diameter
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e.g.1.0ml/min for 4.6mm id, 0.5ml/min for 3.2mmid.!?")

Stationary phase : Silica gel is most frequently used. stationary phase for adsorption chromatography, while
reports have also used carbon and hydroxyapatite, as well as other metal oxides as alumina and zirconium. As
supports for bound phases, unmodified silica, alumina, porous graphite, and a variety of chemically customized
supports made from polymers, silica, and resins with basic or acid groups are typically utilized. Because silica
packing’s in columns can with stand high pressures, they are widely used. Silica is inexpensive, widely available,
and comes in a range of sizes, forms, and porosity levels.2°!

Pore size : Smaller pore sizes result in larger surface areas since stationary phases are often porous to offer more
surface area, and vice versa. The majority of chromatographic modes benefit from a narrow dispersion of pore
sizes.

Column length: Column length has an impact on the separation's speed and efficiency. Analysis times are
shortened by shorter columns, although column efficiency tends to decline with length. Generally speaking,
complex samples are handled by large columns, while simple separations are handled by short columns. The
length of an analytical column ranges from 30 to 300 mm.?”!

Selection of column: The choice of the column in The method of separation is the foundation of HPLC. The
separation mechanism in HPLC is based on inductive forces, dipole-dipole interaction, and hydrogen bond
formation. Partition and adsorption modes are employed for separation.

Ton suppression: Because these specific solutes include ionizable groups, the pH of the mobile phase can alter
the retention of peptides and proteins in reversed phase chromatography. The mobile phase's pH will determine
the extent of ionization. The operational pH of the mobile phase must be lower than pH 7.5 in order for silica-
based reversed phase medium to remain stable. Proteins and peptides have amino groups that are charged below
pH7.5. However, when the pH drops, the carboxylic acid groups get neutralized. In reversed phase
chromatography, the mobile phase is typically made with strong acids like ortho phosphoric acid or trifluoroacetic
acid (TFA).These acids inhibit the ionization of the acidic groups in the solute molecules and preserve a low pH
environment. The ionization of the solutes and, consequently, the irretention behavior can be altered by varying
the quantity of strong acid components in the mobile phase.

The major benefit of ion suppression in reversed phase chromatography is the elimination of mixed mode
retention effects due to ionizable silanol groups remaining on the silica gel surface. The effect of mixed mode
retention is increased retention times with significant peak broadening (Figure 4)

(A) Reversed phase chromatograply

(B) Mued-mode

P i

Figure 4: Typical effects of mixed-mode retention.

(Peaks are broader and skewed, and retention time increases)

Selectivity: Selectivity(a) is equivalent to the relative retention of the solute peak sand, unlike efficiency, depends
strongly on the chemical properties of the chromatography medium. The selectivity,a,for two peaks is given
by;a=k2'/k1'=V2-V0/V1-V0=V2/V1 Where VlandV2

Are the retention volumes, and k2 /k1 "are the capacity factors, for peaks 1and2 respectively, and VO is the void
volume of the column. Selectivity is affected by the surface chemistry of the reversed phase medium, the nature
and composition of the mobile phase, and the gradient shape(Figure 5).
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Figure 5: The effect of selectivity and efficiency on resolution.

For total resolution, both high column efficiency and strong selectivity are crucial. But in a chromatographic
experiment, altering the selectivity is simpler than altering the efficiency. By altering readily modifiable variables,
such as the gradient shape or the composition of the mobile phase, selectivity can be altered.

Viscosity: To cut down on separation time, select a solvent with the lowest viscosity possible. Another benefit of
low viscosity is that, due to rapid mass transfer, high efficiency theoretical plate (HETP) values are typically
lower than with solvents of higher viscosity. Viscosity should be less than 0.5centipoise in order to minimize
mass transfer between the stationary phase and solvent and the need for high pump pressures.

Temperature: Reversed phase chromatography can be significantly impacted by temperature, particularly for
low molecular weight solutes such oligonucleotides and short peptides. As the column temperature rises in
reversed phase chromatography, the mobile phase's viscosity falls. Since the process of mass transport of a solute
between the mobile and stationary phases is controlled by diffusion, a decrease il solvent viscosity typically
results in more effective mass transfer and, thus, higher resolution. For low molecular weight solutes, raising the
temperature of a reversed phase column works very well since they are appropriately stable at the higher
temperatures.

Applications:

e Designing a biochemical purification. Purification of platelet-derived growth factor(PDGF) .
o Purification of cholecystokinin-58(CCK-58)from pig intestine.

o Purification of recombinant human epidermal growth factor.

e Process purification of inclusion bodies.

CONCLUSION

The development of analytical techniques is crucial to the discovery, creation, and production of
medications. Because it can handle multi-component mixtures with ease, RP-HPLC is arguably the most sensitive
and universal analytical technique. In order to achieve optimal separation while creating analytical procedures for
pharmaceuticals using RP-HPLC, one must have a solid practical understanding of chromatographic separation
and how it varies with the sample and with different experimental settings. The majority of the work should go
into method development and optimization in order to create an HPLC method that works well because this will
enhance the method's performance in the end.
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