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ABSTRACT:

A strategy for the systematic development of HPLC is presented in this review. High performance liquid chromatography is one of the most potent analytical
chemistry technologies now in use. It can be used to separate, identify, and quantify the elements of any liquid-soluble material. To optimize the process, several
chromatographic parameters were analyzed, such as sample pretreatment, mobile phase selection, column selection, and detector selection. The process of
creating, refining, and validating procedures is the focus of this article. The chemical structure of the molecules, the synthetic pathway, solubility, polarity, pH and
pKa values .This essay's goal was to examine how HPLC methods were developed and validated.
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INTRODUCTION:

High performance liquid chromatography is one of the most potent analytical chemistry technologies now in use. It can be used to separate, identify,
and quantify the elements of any liquid-soluble material. HPLC stands for high performance liquid chromatography.For both quantitative and
qualitative pharmacological product analysis, the most precise analytical methods are commonly used.[1] The sample is separated into the mobile and
stationary stages based on differences in migration rates through the column caused by different sample partitions. Depending on how various
components divide, elution occurs at different times.
The process that the Russians created first was chromatography.. because (a) it is not limited to volatile and non-volatile samples that are thermally
stable, and (b) it allows for a wider selection of stationary and moving phases. Figure 1 shows the schematic diagram of an HPLC system. The
following are some reasons that HPLC performs better than traditional LC techniques

e  Excellent resolution. glass, stainless steel, and little titanium or stainless steel columns (4.6 mm in diameter).

e Column packing of tiny column particles (3, 5, and 6) with a diameter of 10 m.

e  Relatively high inlet pressures and precise mobile phase movement.

e  Continuous flow detectors that are capable of detecting minuscule amounts and managing low flow rates.

e  Fastanalysis.[2]
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*HPLC Method Development:

In the absence of formal methods, new goods are developed using them. Alternative methods seek to reduce expenses and time while improving
precision and durability for existing (non-pharmacopoeial) products. Every time an alternative method is proposed to replace an established practice,
comparative laboratory data is presented, along with benefits and drawbacks.

These are the procedures that go into creating a technique.
e  Being aware of a medication molecule's physicochemical characteristics.
e Selecting the chromatographic parameters.
. Creating a plan for analysis. Preparing the sample.
. Improvement of methods
e  Verification of the method [3]

understanding the physicochemical properties of drug molecules:

The physicochemical properties of a pharmaceutical molecule are important for creating a technique. Before creating a method, the physical properties
of the drug molecule, such as its polarity, pH, pKa, and solubility, must be investigated. A compound's polarity is one of its physical properties. It aids
an analyzer in determining the solvent phase and mobile phase composition. 6. The polarity of molecules explains their solubility. Similar polarity
materials dissolve in each other because "like dissolves like." The analyte's solubility is taken into consideration when selecting diluents. A substance's
pH value is frequently used to identify how basic or acidic it is.[3]

Choosing chromatographic conditions : To create the sample's initial "scouting” chromatograms, a set of starting parameters (detector, column, and
mobile phase) is chosen during the early technique development phase. These are typically based on reversed-phase separations on a C18 column with
UV detection. The choice between developing an isocratic or gradient strategy must now be made.[3]

Column selection :

The primary component of an HPLC system is the column. Dynamical columns can produce the best analyte resolution findings while a methodology is
being developed. Usually, the column housing is filled with spherical, square-measuring colloid beads coated in polyester to produce

fashionable backside columns for HPLC. The hydrophobic character of the stationary component is evident. The stationary part enters the matrix by a
reaction between a chlorosilane and the hydroxyl radical teams on the colloid surface. In general, the features of the fixed portion have the most
influence on Potency, property, and extraction all depend on capability. There To support the fixed component, a wide range of matrices are being
measured, such as silicon oxide, polymers, and aluminum oxide. Silicon oxide is the most commonly used matrix for HPLC columns.The impacts are
separated in part by the size, shape, and composition of the silicon oxide particles. Smaller particles congregate on more theoretical plates. Strength of
the separation. However, backpressure builds up when smaller particles are used. During activity, the column more simply becomes obscured. The
stationary component in reverse part action is non-polar.As a result, polar peaks are produced by the polar mobile part. Non-polar peaks from the past
are typically washed In response, the free silanols' square measure gave a To realistically depict the hydrophobic chlorosilane The non-polar
surfaceOnly due to steric constraints Derivatized silanols make up around one-third of the surface. Peak tailing, which results from interactions between
the remaining free silanols, is caused by analytes™ Usually, the column is derivatized with the proper stationary component and then treated [4]

Buffer selection :

It is crucial that the buffer's pKa be close to the target pH because buffers regulate pH best at their pKa. In general, it is best to select a buffer whose
pKa value is two units of the desired mobile phase Ph [5].

Concentration of the Buffer :

For small molecules, a buffer value of 10-50 mM is usually adequate. Generally speaking, a buffer should be used with no more than 50% organic
Phosphoric acid's potassium or sodium salt The most widely used buffer systems for HPLC in reverse phase are potassium salts. Sulfonate-containing
buffers may be useful. During the analysis, swap out the phosphonate buffers. materials containing organophosphate.

Selecting a Mobile Phase:

The mobile phase affects resolution, efficiency, and selectivity. The strength of the solvent or the makeup of the mobile phase must be taken into
account. This affects the separation of RP-HPLC. In RP-HPLC, solvent-blocking solvents like acetonitrile (ACN), methanol (MeOH), and
tetrahydrofuran (THF) are commonly used.In that order, the wavelengths that are cut off are 190, 205, and 212 nm. Water and these solvents mix well.
The best initial choice is a solution of acetonitrile and water.While the approach is being developed, you will be on the go.[6]
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Choosing a detector:

The detector is one essential component of HPLC. The chemical composition of the analysts, potential interference, the required detection limit, and the
detector's availability and/or cost are some of the considerations that affect the choice of detector. The UV-visible detector is multifunctional and has
two wavelengths.For HPLC, an absorbance detector is employed. For everyday UV-based applications, this detector provides the high sensitivity
required for low-level impurity identification and quantification. The Photodiode Array (PDA) Detector provides advanced optical detection for
Waters. sensitivity to chromatography and spectroscopy. The Refractive Index (RI) Detector is an ideal instrument for examining materials that absorb
little to no UV light due to its high sensitivity, stability, and reproducibility. The Multi-Wavelength Fluorescence Detector provides exceptional
sensitivity and selectivity in fluorescence detection for measuring small amounts of target chemicals.[7]

Gathering and getting the sample ready:

The sample should ideally dissolve in the initial mobile phase. If stability or solubility issues prohibit it, the combination can be supplemented with salt,
formic acid, or acetic acid. Solubility can be increased by adding a sample. These additives don't do any harm. as long as the volume of the loaded
sample is small compared to the volume of the column. When large sample volumes are used, one or two additional peaks could elute in the only
effectA critical stage in HPLC analysis is sample preparation, which produces a reliable and reproducible solution that can be injected onto the column.
The column. Creating an aliquot of the sample that, as the aim of sample preparation,

« Is relatively free of interference,

» Will not cause harm to the column, and

* Is it compatible with the intended HPLC method, which means that the solvent in the sample will dissolve in the mobile phase without affecting the
sample's retention or resolution [8]?

Optimization of the method:

Identify the "weaknesses" of the strategy and use experimental design to improve it. Learn how the Approach functions in different situations with
varying degrees of success. Instrument settings and samples differ.. The primary focus has been on optimizing HPLC conditions. The mobile and
stationary phases' compositions The mobile phase has been optimized. Parameter optimization is always prioritized over parameter optimization due to
its significant simplicity and ease of usage.[9]

Validation of the method:
Any new or altered strategy must be validated to ensure efficacy. that it can produce accurate and reproducible results whether used by several
operators using the same or different lab equipment. Only the specific strategy and its intended implementation will determine the kind of validation

software needed.

Equipment that is operational, properly calibrated, and within specification must be used for the method validation procedure .Analytical procedures
must be validated or revalidated. essential.[10]

Method validation components :

The following are examples of typical analytical performance characteristics that could be looked at during technique validation: [11]

Precision:

The degree to which a measured value resembles the true or recognized value is known as accuracy. By using the method on known samples, it is
ascertained. Analyte concentrations have been introduced in various ranges. These should be contrasted with blank and conventional solutions to make

sure there is no interference. From the test findings of the analyte obtained by the assay, the precision is subsequently estimated as a percentage. It is
sometimes referred to as the test recovery of known, additional analyte levels.[12]

Analysis :

The precision of an analytical method is the degree of agreement between a set of measurements made from multiple samples of the same homogenous
material.Under the specified conditions, collect a sample. Precision can be divided into three categories: repeatability, precision in the center, and all of
these criteria are important to consider. Precision research is required. Make use of reliable, consistent samples. Nonetheless, it might be looked at if
you can't get a homogeneous sample or if it was purposefully made. The response The variance is often used to express the accuracy of an analytical
procedure. A set of measures' standard deviation or coefficient of variation.[13]

(A) The ability to replicate:

(1) At least nine findings across the procedure’s specified range should be used to assess repeatability.

(2) Three duplicates of each of the three concentrations.
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(B) Moderate Precision:

The degree of intermediate precision that should be set depends on the circumstances in which the method is to be used. The applicant must determine
how the accuracy of the analytical procedure is impacted by random events. Typical Days, analysts, and equipment are some of the elements that will
be looked at. You don't have to study. these effects separately. It is recommended to use an experimental design (matrix).

(C) Reproduction capacity:

An interlaboratory trial is used to assess the repeatability. For example, while standardizing an analytical technique, repeatability should be taken into
account. Pharmacopoeias are expanded to include procedures. This isn't information for marketing. authorization dossier.

(D) Informational Suggestions:

The standard deviation, confidence interval, and relative standard deviation (coefficient of variation) should be provided for each accuracy category
being studied.[14]

The concept of linearity :

The sample concentration and detector response (peak area and height) are shown to be linearly related for HPLC techniques. By dilution of standard
stock or independent weighing of drug material, the link can be directly demonstrated. Assemble the sample components using the recommended
procedures.

The easiest way to visually assess linearity is to look at a plot of signals as a function of analyte content or concentration. If a linear relationship is
found, test results should be evaluated using regression analysis and other appropriate statistical methods. Data from regression lines Mathematical
estimates of the degree of linearity are useful. The linearity ranges and generally used acceptance criteria for various pharmaceutical procedures.[15]

The detection limit:

The limit of quantification (LOQ), which is the lowest level at which the analyte may be reliably detected under the specified experimental conditions
without necessarily being quantified as an exact number, can be computed by analyzing samples with known analyte concentrations. The detection
limit is commonly indicated as the analyte concentration in the sample (ppm).The ICH recommends a number of techniques for determining sample
detection limits.according to the kind of analyte, the analytical instrument, and the technique's suitability.

One of the suitable methods is visual evaluation.

ratio of signal to noise (SNR).

The standard deviation of the response

the slope of the linearity plot's standard deviation.

LOD =3.3 4/S is the formula used to calculate LOD.

where § is the calibration curve's standard deviation intercept.

The linearity plot's slope is shown by S [16].

Limit of Quantification (LOQ) —

the lowest analyte concentration in a sample that can be precisely and correctly measured.In the case of analytical methods such as HPLC, which
display baseline noise, the LOQ is often determined using a S/N ratio calculation (10:1). Injection standards that maintain an acceptable % relative
standard and deviation are often responsible for providing this S/N ratio [17].

ROBUSTNESS :

The robustness of an analytical process is a gauge of its dependability and ability to tolerate minor but deliberate adjustments to technique
parameters.while everything is operating as it should.[18]

Particulars:
The capacity to clearly evaluate the drug in the presence of possibly expected components is known as specificity. By contrasting the test findings with
samples of placebo particles acquired from sample analysis, upgrading products, or sample analysis without impurity, placebo components, the test

technique can be specified. The resolution between the analyte peak and the other closely eluting peak is the most accurate indicator of specificity.[19]
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