International Journal of Research Publication and Reviews, Vol 4, no 12, pp 1183-1193 December 2023

} International Journal of Research Publication and Reviews

Journal homepage: www.ijrpr.com ISSN 2582-7421

N

WWW.IJRPR.COM

Review on Method Development and Validation of HPLC

Vookanti Swathi*!, M Sunitha Reddy?

12Center for Pharmaceutical Sciences, UCEST, INTUH Hyderabad
Email: vookantiswathi@gmail.com

ABSTRACT:

Ensuring the quality of pharmaceutical products and monitoring their performance depends on pharmaceutical analysis. As the pharmaceutical industry continues to
grow and pharmaceuticals become increasingly available worldwide, new analytical technologies must be adopted. Therefore, the development of analytical skills is
important. Technological advances have contributed significantly to the advancement of analytical methods and equipment, resulting in shorter analysis times, greater
accuracy, and lower costs. As a result, many pharmaceutical companies have invested heavily in new laboratories. These laboratories are responsible for testing a wide
variety of chemicals, including active pharmaceutical ingredients, pesticides, pharmaceuticals, related chemicals, and waste solvents. Analytical method development
also includes standard test methods used in quality control laboratories to ensure the identity, purity, safety, potency and potency of drugs. Law enforcement agencies
are critical to overseeing the screening process as applicants want to manage their medications effectively for approval process.. Effective analytical methods are therefore
maintained throughout drug development.
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1. Introduction:

Pharmaceutical analysis, also known as analytical chemistry, focuses on active medicinal substances (drugs) and pharmaceutical products (formulations).
These drug substances and drug products are subjected to many qualitative tests, such as optical change values, melting points, uv spectroscopic data, especially
at high wavelengths, as the aim is to determine the specific chemical drug and or confirm that the drug formulation it contains the right substances. However,
due to requirement of low sample preparation, the most widely used technique in industry is ir spectroscopy. There are many common aspects in pharmaceutical
quality control such as pka value, surface properties, solubility and melting point. In addition, in pharmaceutical analysis, we perform analysis of drugs and
biological samples, development of new medical methods, analysis of drugs and formulations, analysis of impurities, labeling studies and regression studies.
Drug diagnostics plays an important role in drug development because it requires a robust, accurate and precise diagnostic method from the stage to the clinical
trial. A variety of analytical techniques have been used in drug development, drug analysis, quality control and quality assurance, including Capillary
Electrophoresis, High Performance Liquid Chromatography, Vibrational Absorption (ir and Raman), hyperspectral imaging techniques, mass spectrometry
and X-Ray diffraction.

A. Need for analytical method development

The implementation and validation of analytical methods is also important in the pharmaceutical sector to ensure that the quality standards of commercial and
marketed products are required. In addition, ethical concerns and a competitive global environment are increasing the need for monitoring and enforcement
measures. Many regulatory authorities at the international level have determined the guidelines that must be followed in order to meet inclusion standards and
ultimately obtain drug approval, approval and certification. The main organizations that manage these quality standards are:

1. United states of food and drug administration(usfda)

2. Good laboratory practice(glp)regulations

3. World health organization(who)

4. The pharmaceutical inspection cooperation scheme’s(pic/s)

5. The international conference of harmonization(ich)
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Typical development phase: the documentation process begins at the beginning of the development phase. It is important to establish a comprehensive system
for documenting all aspects of developmental research. All information related to these studies should be carefully recorded in laboratory notebooks or
electronic databases.

1. Analyte standard characterization:

A) collect all available data on the test substance and its composition, including information regarding its physical and chemical properties.
B) get a standard filter that ensures 100% purity. Establish appropriate storage conditions such as refrigeration, drying or freezing.

C) in the case of a multi-component analysis matrix model, record the total number of components and collect relevant data on each component. Determine
accessibility standards for each component.

D) evaluate appropriate techniques for sample verification, such as spectroscopy, mass spectrometry, gas chromatography, high performance liquid
chromatography, and other related methods.

1.2. Method requirements:

Consider the objectives or requirements of the analytical method to develop and define analytical performance statistics. Critical parameters such as search
criteria, filter metrics, linear optimization, range checking, precision and precision limits.

1.3. Literature search and prior methodology:

Search articles for all kinds of information about analytics. Review manuals, reports, and publications from chemical manufacturers and regulatory agencies
such as usp/nf for relevant formulations, physicochemical properties, solubility, and analytical methods. The chemical abstracts service (cas) is an excellent
computerized, automated bibliographic search.

1.4. Choosing a method:

A) This approach involves using data from the literature and printed material and adapting the methodology accordingly. Methods are modified as needed,
and additional equipment is sometimes required to replicate, modify, improve, or validate existing methods for analyzing internal materials and samples.

B) In the absence of bibliographic methods for the analysis of a specific substance, comparisons lead to the search and development of compounds with similar
structures and chemical properties. Basically, each filter method has a single compound corresponding to the target filter.

1.5. Instrumental setup and initial studies:

The required instrumentation is to be setup .the installation, operation and verification of the operation of the equipment are carried out according to the
standard operating procedures (sop) of the laboratory. Only new materials such as metal, filter and gas are used. For example, do not start method development
using previously used hplc columns. Analytical standards are prepared by directly injecting or adding a solution containing the concentration and the solvent.
It is important to start your work with real standards and not with complicated model matrices. If the sample is very similar to a standard product, such as a
large pharmaceutical product, you can proceed with the actual sample.

1.6. Optimization:

During the optimization process, a systematic approach is employed whereby one parameter is altered at a time, focusing on a specific conditions and changes
instead of solely relying on trial and error. This activity is conducted in accordance with a well-coordinated and comprehensive plan, which ensures all steps
are accurately recorded results in a laboratory notebook as a precaution to correct obstacles.

1.7. Documentation of analytical figures of merit:

Analytical performance statistics, including limit of quantification (log), limit of detection (lod), linearity, time per analysis, cost, and sample preparation, were
initially determined and recorded.

1.8. Evaluation of method development with actual samples:

The sample solution should lead to unequivocal, absolute identification of the analyte peak of interest apart from all other matrix components.
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1.9. Determination of percent recovery of actual sample and demonstration of quantitative sample analysis:

The regression between the standard deviation and the sample matrix is determined non-analytically and deterministically. Sample-to-sample recovery (mean
+/- standard deviation) and improvement in recovery were recorded. It is not necessary to achieve a 100% recovery rate, because it is still possible to achieve
real results. Verification of the validity of the analytical method can only be done by laboratory inspection. Providing evidence of the success of these studies
is a key factor in determining the suitability of a method for international use.

2. Hplc: high performance liquid chromatography

High-performance liquid chromatography (hplc) has emerged as a powerful tool in analytical chemistry that can separate, identify, and quantify compounds
dissolved in liquid mixture samples. This is a standard method for the quantitative and qualitative analysis of pharmaceutical products. The principle of
operation is to inject a sample solution into a column of porous material (residential phase) that produces liquid (mobile phase) driven by high pressure. Elution
often occurs because the degree of interaction between the stationary phase and the mobile phase is different due to the different rates of movement of the
sample components in the column. Clearly, compounds exhibiting strong affinity for the stationary phase are slower and exhibit shorter migration distances
compared to compounds with weak affinity exhibiting faster and longer migration. Compared to gas chromatography, hplc offers the ability to accommodate
a wide range of applications for non-volatile and heat-sensitive samples, as well as phase and mobile phase selection.

Hplc has numerous advantages like
® Simultaneous analysis
® High resolution
® High sensitivity
® Good repeatability
® Small sample size
® Moderate analysis condition.

® Easy to fractionate the sample and purify.
2.1. Classification of hplc can be done as:

1. Based on scale of operation: preparative hplc and analytical hplc

2. based on principle of separation :affinity chromatography, adsorption chromatography, size exclusion chromatography, ion exchange
chromatography, chiral phase chromatography

3. based on elution technique :gradient separation and isocratic separation,
4.  based on modes of operation: normal phase chromatography and reverse phase chromatography.
A. Normal phase chromatography:

In normal phase chromatography, the mobile phase is non polar, the stationary phase is polar, and a polar filter must be present in the contact phase. As the
polarity of the dissolved molecules increases, the absorption capacity and elution time of the chromatographic process increases. This type of chromatography
uses the chemical silicon dioxide (cyanopropyl, aminopropyl, diol, etc.) As the solid phase. For example, a typical column has an inside diameter of 4.6mm
and a length of about 150 to 250 mm .polar compounds in mixed samples remain bound to the polar silica longer as they pass through the column than non-
polar compounds. As a result, non-polar substances show greater mobility in the column.

B. Rp-hplc (reversed phase hplc):
Rp hplc includes a nonpolar phase and a polar or intermediate phase. Rp hplc is based on the principle of hydrophobic interaction. In a multiphase mixture, a
less polar analyte will stay in the nonpolar phase longer than a more polar analyte. Therefore, most of the polar components are reduced first.

2.2. Method development on hplc

A step involved in method development of hplc is as follows:

1. Understanding the physicochemical properties of drug molecule.
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2. Selection of chromatographic conditions.
3. Developing the approach of analysis.

4. Sample preparations

5. Method optimization

6. Method validation
2.2.1. Understanding the physicochemical properties of drug molecule:

The physicochemical properties of drug molecules play an important role in the drug development process. Developing an appropriate method requires testing
the physical properties of the drug molecule, including properties such as solubility, polarity, pka, and ph. Polarity is an intrinsic property of a compound. It
helps an analyst, to decide the solvent and composition of the mobile phase. The solubility of a molecule is determined by its polarity, that is, whether it is
polar eg. Water or non-polar e.g benzene. It is important not to mix benzene and solvent because they have different polarities. Substances of similar polarity
dissolve in each other. The choice of mobile phase or diluent is determined by the solubility of the analyte. The solvent chosen must have high solubility and
not react with food. In addition, ph and pka play an important role in hplc method development. The ph value is defined as the negative of the logarithm to
base 10 of the concentration of the hydrogen ion.ph = - log10[hz0+].

Choosing the optimal pH for ion analysis results in clear, symmetrical peaks in hplc. Measurements require sharp symmetrical peaks to ensure low detection
rates, constant differences between injections and reproducible retention times.

2.2.2. Selection of chromatographic conditions:

a. Selection of column: The first important step in method development is to select an stationary phase or column. In order to achieve a long and consistent
trail, it is important to have reliable and high-quality poles. Column stability and repeatability are important to avoid the problem of accidental sample retention.
These columns are suitable for all sample types and are highly recommended in combination with C8 or C18 columns containing low acidity purified silica,
designed for the separation of basic compounds. The main things to consider when choosing a column are its size, the shape of the silica substrate, and the
shape of the stationary phase. Most modern HPLC columns prefer to use silica-based packing because of its favorable physical properties.

Table.no.1 Column with most suitable substance

Column Phase Solvents Application

C18 Octadecyl ACN, MeOH, H,0O General, nonpolar

Cs Octyl ACN, MeOH, H,0O General, nonpolar
Phenyl Styrl ACN, MeOH, H,0O Fatty acids, double bond
Cyano Cyanopropyl ACN, MeOH, H,0, THF Ketones, aldehydes
Amino Aminopropyl ACN, MeOH, H,0, THF, CHCI;, CH,Cl, Sugars, anions

Diol Dihydroxy hexyl ACN, MeOH, H,0, THF Proteins

SAX Aromatic quaternary amine SALT Buffers, ACN, MeOH, H,0 Anions

SCX Aromatic sulfonic acid SALT Buffers, ACN, MeOH Cations

DEAE Alkyl ether, ethyl 2°amine SALT Buffers, ACN, MeOH,H,O Protein cations

b. Buffer Selection: The choice of buffer depends on the desired pH level. For reverse phase silica-based catalysts, uses which have a typical pH range is 2 to
8. Since pH is best controlled, it is important to ensure that the pKa of the catalyst is equal to the desired pH value. Commonly followed guidelines suggest
choosing a solvent with pKa value 2 units below the pH level of the mobile phase.

General consideration for buffer selection:
1. Phosphate is more soluble in methanol/water than in acetonitrile/water or THF/water.

2. Some salt buffers are hygroscopic and this may lead to changes in the chromatography like increased tailing of basic compounds and possibly selectivity
differences.

3. Ammonium salts are generally more soluble in organic/water mobile phases-

4. Trifluoroacetic acid can degrade with time. It is volatile and absorbs at low UV wavelengths.
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5. Microbial growth can quickly occur in buffered mobile phases that contain little or no organic modifier at all. The growth accumulates on column inlets and
can damage chromatographic performance.

6. At pH greater than 7, phosphate buffer accelerates the dissolution of silica and severely shortens the lifetime of silica-based HPLC columns. If possible,
organic buffers should be used at pH greater than

7. Ammonium bicarbonate buffers usually are prone to pH changes and are usually stable for only 24 - 48 hrs. The pH of this mobile phase tends to become
more basic due to the release of carbon dioxide.

8. After buffers are prepared, they should be filtered through a 0.2-um filter.
9. Mobile phases should be degassed.

c¢. Buffer Concentration: In general, buffer concentrations of 10-50 mM are suitable for small molecules. Ideally, compost should contain less than 50 organic
compounds. This will depend on the specific buffer as well as its concentration. Phosphoric acid and its sodium or potassium salts are the most common buffer
systems for reverse-phase HPLC. Sulfonate inhibitors can replace phosphonate inhibitors when analyzing organophosphorus compounds.

d. Isocratic and Gradient Separations: The separation of isocratic mode maintains a constant eluent composition, maintains column equilibrium, and
maintains the elution rate of the compound. Although the intensity of the peak is weak, the size of the peak increases as the particles settle in the column. In
contrast, gradient separation mode improves system and separation performance by improving efficiency and reducing peak width. The width of the peak is
affected by the rate of change in the composition of the eluent. To determine the need for a ramp, an initial ramp is performed and the ratio of the total ramp
time to the difference in ramp time between the first and last steps is calculated. The calculate ratio is <0.25 isocratic is adequate. When the ratio is >0.25
gradient would be adequate.

e. Internal Diameter: The internal diameter ID of the HPLC column is an important parameter that affects selectivity and separation during gradient extraction.
It also determines the amount of bulk material can be loaded into the column.

f. Particle size: Most traditional HPLC systems are made by attaching a stationary phase to the outside of small spherical silica particles. These silica particles
are available in a variety of sizes, with 5 um particles being the most commonly used. Smaller particles provide greater surface area and better separation
performance, but the pressure required to achieve optimum linear velocity increases inversely with the square of the particle diameter. Larger particles are
used for non-HPLC applications such as preparative HPLC and solid phase extraction with column diameters from 5 cm to 30 cm.

g. Pore size: Pore size of column defines an ability of the analyte molecules to penetrate inside the particle and interact with its inner surface.
h. Selection of Mobile Phase: The mobile sector affects decision-making, choice and efficiency.

Mobile phase composition or organic solvent ratio plays an important role in RP HPLC separations. Acetonitrile ACN, methanol (MeOH), and tetrahydrofuran
(THF) were solvents for RP HPLC with low UV cut-off of at 190, 205, and 212 nm. This solvent is miscible with water. During method development, a
mixture of acetonitrile and water was the first choice as the mobile phase.

Table.2.Suitable solvents for different types of Chromatographic principles

Mode Solvent types used Types of compound used

Reversed phase Water/Buffer, AC N, Methanol Neutral or non-ionized compounds which can be dissolved
in water/ organic mixtures

lon-pair Water/Buffer, AC N, Methanol lonic or lonizable compounds

Normal Phase Organic solvents Mixtures of isomers and compounds not soluble in organic/
water mixtures

lon exchange Water. Buffer Inorganic ions, proteins, nucleic acids, organic acids

Size exclusion Water, Tetrahydrofuran, chloroform High molecular weight compounds

i. Selection of detectors: The analyzer is a very important part of HPLC. Detector selection depends on the chemical nature of the analyte, potential for
interference, desired detection limit, detector availability, and cost. The UV detector is a dual wavelength detector for HPLC. This detector provides the high
sensitivity needed to identify and measure low levels of contamination in UV-sensitive applications. PDA analyzer provides solution spectrum detection for
analytical HPLC, preparative HPLC or LC MS systems. New integrated software offers high-performance chromatography. The combination of the
chromatographic index with the sensitivity, stability and reproducibility of this detector is an ideal solution for the analysis of components with little or no UV
absorption. The multi-wavelength detector provides high sensitivity and selective fluorescence detection for measuring low concentrations of target
compounds.
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Table.3. Detector of HPLC suitable compounds

Detector Type of compound can be detected

UV-Visible &Photodiode array Compounds with chromophores, such as aromatic rings or
multiple alternating double bonds.

Fluorescence detector Fluorescent compounds, usually with fused rings or highly
conjugated planer system.

Conductivity detector Charged compounds, such as inorganic ions and organic acid.

Electrochemical detector For easily oxidized compounds like quinines or amines

Refractive Index detector & Compounds that do not show characteristics usable by the other

Evaporative light scattering detector detectors, eg.polymers, saccharides.

2.2.3. Developing the approach for analysis:

The first step in developing an analytical method using RP-HPLC is the careful selection of various chromatographic parameters. The choice of these
parameters based on experimental tests is determined by considering the optimal parameters of the system. The required parameters for the system are a
retention time greater than 5 minutes, a frame of reference greater than 2000, a tail ratio less than 2, and a peak-to-right resolution greater than 5 and %RSD
of the peak area of any analyte in the standard chromatogram does not exceed 2.0%. If a two-dimensional approximation is required, select the detection
wavelength based on the isotropic signal. Evaluate the concentration of the drug to determine the concentration range according to the linear model. In addition,
a laboratory mixture analysis was performed to verify the effectiveness of the estimation method. Finally, it decreases the attention of teachers to perform the
analysis of business requirements.

2.2.4. Sample preparation:

Sample preparation is an important part of HPLC analysis to provide a good and repeatable solution for column injection. The goal of sample preparation is
to obtain an interference-free sample volume that does not damage the column and is compatible with the proposed HPLC method. This means that the sample
solvent dissolves into the mobile phase without affecting sample retention or resolution. Sample preparation begins at the collection point and extends to
sample injection into the HPLC column.

2.2.5. Method optimization:

Identification of "weaknesses" in the method and optimization of the method through experimental design. Learn techniques to use different situations,
different tools and different models.

Table.4.Initial conditions for hPLC trails

Stationary phase C8or C18

Column length and internal diameter 250 mm x 4.6mm

Particle size 10 or 5 um

Mobile phase Buffer : Acetonitrile

% Buffer isocratic 50%

% Buffer gradient 20-80%

Buffer concentration Phosphate 50 mM

pH of mobile phase 3 for neutral 3and 7.5 for 3and 7.5 for
compounds ionic acidic ionic basic

Modifier 10 mM TEA 1% HAS 10 mM TEA
and 1% HSA

Flow rate 1.5 - 2mL/minutes

Column temperature Ambient to 35°C

Injection volume — 25l

3. Method validation:

Analytical method validation is used to ensure that the developed analytical methods used in the test meet the required specifications. USP, ICH, FDA and
other guidelines provide the framework for validating drug conditions. The results of the method validation can be considered to assess the quality, reliability
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and consistency of the analytical results. There are two main reasons for validating tests in the pharmaceutical industry: the first important reason is that test
validation is an important part of the quality control system, and the second is that test verification is important in accordance with manufacturing regulations.

RS

< Method validation is necessary for the following reasons:

. For assuring the quality of the products.

. For achieving the acceptance of the products by the international agencies.

. It is a mandatory requirement for accreditation as per 1ISO 17025 guidelines.

. A mandatory requirement for registration of any pharmaceutical product or pesticide formulation.

< Validated methods are only acceptable for undertaking proficiency testing. Validation not only improves the processes but also confirms that the
process is properly developed.

< For the manufacturer method validation is important in the following aspects:

. It decreases the risk of defect costs.
. It decreases the risk of regulatory non compliance.
. A fully validated process may require fewer in-process controls and end-product testing.

< Validation is a continuous process, and it should comprise at least four steps for an analytical method validation:

. Planning and performing the tests

. Statistical evaluation of the results

. Report on the validation parameters

. Application of all information gained during validation
. Full validation processes and their explanations.

RS

«  Types of analytical procedures to be validated: The discussion of the validation of analytical procedures is directed to the four most common types
of analytical tests:

. Identification tests

. Quantitative tests for impurities content

. Limit tests for the control of impurities

. Quantitative tests of the active moiety in samples of a drug substance or drug product or another selected component(s) in the drug product

Table.no.5 Types of analytical procedures to be validated

Type of analytical procedure Identification Testing for impurities ASSAY
-dissolution
(measurement only)

Characteristics Quantitat. Limit - content/potency

Accuracy - + - +

Precision

Repeatability - + +

Interm. Precision - + - +

Specificity + + + +

Detection Limit - - + R

Quantitation Limit - + -

Linearity - + -

Range - + -
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Table.no.6. Validation parameters according to ICH and USP guidelines

ICH USP

Specificity Specificity

Linearity Linearity and range
Range Accuracy

Accuracy Precision

Precision Limit of detection
Limit of detection Limit of quantification
Limit of quantification Ruggedness
Robustness

3.1. Validation Parameters:

Validation is an important factor that determines the reliability of a method, such as accuracy, sensitivity, specificity, limit of detection, and limit of
quantification based on validation results. Proven analytical methods play an important role in achieving the quality and safety of the final product, especially
in the pharmaceutical industry. Validate the process in relation to the life cycle of the process.

3.1.1. Specificity:

Specificity refers to the ability of an analytical method to separate and quantify specific substances in complex mixtures. If contamination is found, extensive
testing is carried out, including tests to confirm identity. An important property of HPLC is the ability to produce pure signals. According to ICH guidelines,
specificity refers to the ability to determine the location of a specific analyte despite the presence of other elements. The substances mentioned may contain
impurities, decaying parts or other components. This process can be described as follows:

a. Identification test: The capacity of a of identity testing lies in its ability to distinguish between structurally comparable substances known to exist, confirming
the true identity of the test.

b. Purity test: Ensure that analytical methods can provide accurate information about the contaminants present in the substance (e.g. relevant chemicals, residual
solvents, heavy metals, etc.)

c. Assay: Accurate results should accurately reflect the strength and content of the sample analysis.
3.1.2. Linearity and Range:

Linear regression is a measure of how close the concentration-response calibration curves are to a straight line. The information can be evaluated by performing
a single measurement at various analyte concentrations. Data were processed using least squares regression. The intercept, origin, and slope coefficient provide
the necessary information about the curve.

3.1.3. Precision:
The precision of an analytical method is determined by the degree of agreement observed between several measurements made on the same sample with the
same analytical methods. These rights can be divided into three categories:

a.  Repeatability: Precision under the same operating conditions, the same analyst over a short period.

b.  Intermediate precision: Method is tested on multiple days, instruments, analysts, etc.

c.  Reproducibility: Inter-laboratory studies

The guidelines established by the International Council for Harmonization (ICH) recommend 9 doses in total and adhere to the ranges specified in the method
to ensure a high level of repeatability. For example, this might involve doing experiments with three different concentrations and three additions in each
section, or using six or more doses at 100% concentration for a thorough investigation.
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3.1.4. Accuracy:

The accuracy of a measurement equals how close the measured value is to the actual value. In the most accurate methods, a sample is analyzed (the “true
value" is known and the measurements correspond to the true value; that is, precision has been checked and treatment studies have been determined. Three
ways to determine Accuracy:

. Comparison to a reference standard.
. Recovery of the analyte spiked in to a blank matrix.
. Standard addition of the analyte.

It should be clear how the individual or total impurities are to be determined.
3.1.5. Limit of detection:
The limit of detection (LOD) is determined by testing samples with known concentrations of the analyte, and defines the lowest level at which the analyte can

be detected even though it is not measured directly in the laboratory. Generally, the LOD is expressed in parts per million (ppm) of analyte concentration.

The ICH provides various approaches to determine the detection limit of a sample, depending on the analytical equipment used, the type of analysis performed,
and the effectiveness of the method.

The acceptable approaches are:

. Visual evaluation

. Signal-to-noise ratio

. Standard deviation of the response

. Standard deviation of the slope of linearity plot.

. The formula for calculating LOD is LOD=3.35/ S

Where § = standard deviation of intercepts of calibration curves. S=the slope of the linearity plot.
3.1.6. Limit of quantitation:

The LOQ represents the lowest concentration of a substance in a sample that can be accurately and reliably measured in a test environment.

Similar to LOD, ICH recommends the following four methods for the estimation of LOQ. The acceptable approaches are:

. Visual evaluation

. Signal-to-noise ratio

. Standard deviation of the response

. Standard deviation of the slope of linearity plot.
. The formula for calculating LOQ is LOQ=1058/S

Where 8 = standard deviation of response. S=Mean of slopes of the calibration curves.
3.1.7. Robustness:

Robustness is a measure of a method's ability to remain the same despite small changes in the method and its parameters. Various process parameters of HPLC
technology may include flow rate, column temperature, sample temperature, pH, and mobile phase composition.

3.18. System Suitability Test:

The pharmaceutical industry relies on system efficiency to determine whether a chromatography system is used in a pharmaceutical laboratory where the
quality of the analytical product is important.
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3.1.9. Advantages of analytical method validation:

The process of method validation is very beneficial in instilling both confidence and certainty not only in the method developer but also in the method user.
Despite the cost and time consumption associated with verification, the long-term benefits are clear as they help eliminate costly duplication, reduce frustration
and improve time management. Analytical techniques have important applications in a variety of fields, including pharmaceutical analysis, natural product
analysis, biological analysis, and food processing. Ensuring data reliability, reproducibility and accuracy requires a careful verification process to achieve these
goals.

4, Conclusion:

Many different analytical techniques were originally developed to detect, improve and measure drugs and other substances of great interest. HPLC in analytical
techniques involve many tasks, including isolating and identifying impurities and secondary substances, performing analytical studies, achieving identification
goals, and optimizing parameters to meet specific requirements. The important condition of HPLC. The choice of column, buffer, solvent, wavelength, and
other compositional conditions (temperature, organic and pH) can greatly influence the choice of separation. High-performance liquid chromatography (HPLC)
has many advantages, including good selectivity, sensitivity, cost-effectiveness, time efficiency, and low detection limits. To improve the separation process,
optimization may involve changing the gradient, temperature, and flow rate, as well as the type and concentration of the mobile phase modifier. The optimized
method is further validated according to the International Council for Harmonization (ICH) guidelines on technical requirements for medicinal products for
human use using various parameters such as specificity, precision, law, limit of detection, line, etc. Therefore, the important insights outlined in the
aforementioned analysis will help analysts evaluate important pharmaceuticals and pharmaceuticals.
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