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Abstract: For the purpose of advancing medication discovery, product development, and 

pharmaceutical production, the development and validation of a precise and sensitive analytical 

method are crucial. This review article primarily focuses on examining the report of certain and 

sensitive analytical method development and validation criteria. Engaged in a variety of drug 

production. The creation of a high-sensitivity analytical technique is very important because it 

guarantees product efficacy and quality. Demonstrating that the analytical technique satisfies the 

analytical acceptance criteria and is capable of quantifying the concentration of the target molecule at 

its specification limit is the goal of the rigorous analytical method development and validation 

procedure. The objective of method development is to create an analytical technique that is 

reproducible, specific, and sensitive while also being affordable. The validation parameters include 

specificity, accuracy, method precision, linearity, limit of detection (LOD), limit of quantification 

(LOQ), robustness, ruggedness, and system precision of the target molecule. The creation and 

validation of analytical techniques are crucial to the discovery, development, and production of 

pharmaceuticals. Every year, a large number of medications enter the market. Since this is the case, it 

is imperative to create novel analytical techniques for these medications. It is imperative to validate the 

new analytical approach once it has been developed. The technique development process confirms the 

applicability of the analytical method. Validation o like accuracy, precision, linearity, Limit of 

Detection, Limit of Quantification, specificity, range, and robustness Validation show as per 

regulatory guidelines such as ICH guidelines. The goal of this essay is to examine the validation and 

creation of analytical methods. 
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I. INTRODUCTION 

Specified and sensitive analytical method development in method validation. It involved analytical chemistry that 

deals with quantification and qualification of particular molecules. Specific and sensitive analytical method 

development is required for no compendial method. Based on molecular nature and physical properties and 

characteristics of target molecule, critical quality attributes of the method selected. After the selection of the 

analytical method and method validation follows to Base on method validation report, analytical test procedure has 

updated.[1] Specific and sensitive analytical method development is the follows process of disappeared problems 

finding at any site of stage of product development. The analytical chemistry and both quantification and 

qualification of particular molecule conducted based on current (GMP) good manufacturing practices (cGMP) and 

USFDA (United State Food and Drug Administration), (USA) regulations. The branch of chemistry known as 

analytical chemistry focuses on identifying the components of a substance, sample, or mixture (qualitative) and 

determining the quantity of each component (quantitative). The two types of analysis are qualitative and quantitative. 

In qualitative analysis, the components or analyte of a mixture or sample are identified. In quantitative analysis, the 

amount of each component or analyte of a mixture or sample is determined. It is therefore imperative to create new 

analytical methods for such medicines as they are introduced to the market. After the development, the new analytical 

method must be validated.[2] The method development process demonstrates that the analytical method is 

appropriate for use. Validation of an analytical method provides information about various stages and parameters, 

such as accuracy, precision, linearity, Limit of Detection, Limit of Quantification, specificity, range, and robustness. 

Validation should adhere to regulatory guidelines, such as those established by the ICH. This article aims to evaluate 
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the development and validation of analytical methods. In addition to chemistry, analytical data is also necessary in 

other scientific fields such as biology, zoology, the arts (including painting and sculpture), archaeology, space 

exploration, and clinical diagnosis. The primary uses of analytical chemistry include clinical and biological research, 

geological assays, pollutant monitoring and management, quality control in manufacturing sectors, and basic and 

applied research. 

 

II. ANALYTICAL APPROACH 

The analytical approach makes use of a certain method and a comprehensive stepwise procedure that may be used to 

qualitatively, quantitatively, or structurally analyzed a sample for one or more analytes. There are two main 

categories of analytical techniques: instrumental methods and classical methods. The classical approach is one in 

which the signal is proportional to the total quantity of analyte. Instrumental method is a technique in which the 

signal is proportional to the concentration of the analytes.[3] 

 

III. ANALYTIC METHOD CLASSIFICATION 

The three main categories of classical methods are: a) analyte separation, b) qualitative analysis, and c) quantitative 

analysis. Extraction, distillation, precipitation, and filtration are all methods used to separate analytes. Quantitative 

analysis consists of gravimetric and volumetric analysis, while qualitative analysis includes refractive index, density, 

colour, Odor, boiling point, and freezing point. Instrumental methods can be broadly classified into four categories: a) 

spectroscopic methods, b) electrochemical methods, c) chromatographic methods, and d) other approaches. 

Ultraviolet-visible spectroscopy, infrared spectroscopy, Raman spectroscopy, atomic absorption spectroscopy and 

atomic emission spectroscopy, x- ray spectroscopy, and nuclear magnetic spectroscopy are all examples of 

spectroscopic techniques.[4] 

Voltammetry, coulometry, and potentiometry are a few examples of electrochemical techniques  

Modern methods like column chromatography, paper chromatography, thin layer chromatography, high performance 

liquid chromatography, gas chromatography, LC- MS, GC-MS, LC-MS-MS, GC-MS-MS, LC-NMR, and GC-NMR 

are included in chromatographic techniques. 

Additional methods include thermal methods (thermogravimetry, differential thermal analysis, differential scanning 

calorimetry), optical methods (refractometer, optical rotation), mass spectrometry, radioactivity, and x-ray 

methods.[4] 
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IV. AN OVERVIEW OF SPECTROSCOPY 

The interaction between electromagnetic radiation and matter is the subject of spectroscopy. The interaction between 

matter and radiation (energy) involves absorption and emission of the latter. 

There are two forms of spectroscopy: emission spectroscopy and absorption spectroscopy. Spectroscopy (UV-visible, 

IR, NMR, microwave, and radiowave spectroscopy) is the study of electromagnetic radiation absorbed by the sample 

in the form of spectra. Emission spectroscopy, also known as flame photometry and fluorimetry, is the study of the 

electromagnetic radiation emitted by the sample in the form of spectra. Spectroscopy is helpful in the investigation of 

atomic and molecular structure and is used to analyze a wide variety of samples. Molecular spectroscopy is the study 

of the interaction of electromagnetic radiation with molecules, where changes in energy occur at the molecular level 

(e.g., ultraviolet and infrared spectroscopy). Atomic spectroscopy is the study of the interaction of electromagnetic 

radiation with atoms, where changes in energy occur at the atomic level (e.g., atomic absorption spectroscopy and 

flame photometry).[5] 

 

V. UV-VIS SPECTROMETRY 

The quantity of light absorbed at each wavelength of the LV and visible region of the electromagnetic spectrum is 

determined using UV-visible spectroscopy. The electromagnetic radiations used by this absorption spectroscopy are 

between 200 nm and 800 nm, and they are separated into the ultraviolet (UV, 200-400 nm) and visible (VIS, 400-800 

nm) ranges. 

The fundamental tenet of UV-Visible spectroscopy is that a sample or chemical substance absorbs ultraviolet or 

visible light, which leads to the creation of distinct spectra. The ultraviolet emission spectra are produced by the 

reverse type of transition, in which the electron in a molecule undergoes excitation when it absorbs UV radiation, 

causing it to move from a lower to a higher electronic energy level. 

Water, methanol, ethanol, ether, chloroform, carbon tetrachloride, cyclohexane, and dichloroethane are some of the 

most frequently used solvents in UV spectroscopy.[6] 

UV spectroscopy has applications in the identification of geometrical isomers, impurities, functional groups, and 

conjugation. 

 

5.1. Equipment for UV-Visible Spectroscopy 

Radiation sources: Tungsten lamps, hydrogen discharge lamps, deuterium lamps, xenon discharge lamps, and 

mercury arc lamps are the most frequently utilized radiation sources. 

     

5.2. UV-Visible Spectroscopy 

Choosing the wavelength: The monochromator disperses the radiation based on its wavelength. A monochromator is 

made up of an entrance slit, a dispersing component, and an output slit. 

Sample cell: The term "cell" or "cuvette" refers to the sample containers used in UV-Visible spectroscopy to hold 

liquid samples. Quartz is used to make cuvettes. 

Photodetector: The barrier layer cell, photocell, and photomultiplier tube are the most popular detectors utilized in 

UV spectrophotometers. 

Readout device: The detector's output is appropriately amplified before being shown on a readout device.[7] 

 

5.3. An Introduction to Chromatography 

A mixture of compounds is separated using the physical and chemical technique of chromatography. A mixture of 

compounds is separated into its individual constituents between two phases a stationary phase and a mobile phase 

using chromatography. 

Chromatography is categorized as follows: 

Based on the interaction of solute and stationary phase Chromatography of adsorption chromatography by partition 

chromatography with a long exchange chromatography using molecular exclusion 

Based on the chromatographic bed's form A.Column chromatography. 
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B.planar chromatography. C.Chromatography on paper. 

D. Thin layer chromatography. E.Displacemen chromatography. 

Methods by the physical condition of the moving phase Gas chromatography 

Liquid chromatography affinity chromatography.[8] 

 

VI. HPLC 

High-performance liquid chromatography, or high-pressure liquid chromatography, is what HPLC stands for. The 

substances in any sample that may be dissolved in liquid can be separated, identified, and quantified using 

HPLC.Adsorption is the fundamental tenet of liquid chromatography. It is a chromatographic method where the 

mobile phase is liquid. The specimen is in the form of a liquid solution. The sample is introduced into a column made 

of a porous material (stationary phase) and a liquid phase (mobile phase). With the aid of a pump providing high 

pressure, sample movement through the column is facilitated using the mobile phase. According to their affinity for 

the stationary phase, sample components travel. The element that is more drawn to the stationary phase moves more 

slowly. The component that has less affinity for the stationary phase travels more quickly. The parts are distinct from 

one another. Water, methanol (MeOH), acetonitrile (MeCN or CAN), isopropanol (IPA), tetrahydrofuran (THF), 

methylene chloride, chloroform, methyl-t-butyl ether, and n-hexane are the most frequently used solvents for HPLC. 

The key chromatographic variables are efficiency (number of theoretical plates), retention factor, selectivity, 

resolution, and pressure. The uses of HPLC include chemical separation, purification, and identification. Additional 

uses for HPLC may be found in forensics, environmental, clinical, food and flavor, and pharmaceutical 

applications.[9] 

 

6.1. The HPLC setup is shown in Figure 1 

 

6.2. HPLC instrumentation 

The HPLC system includes the following components: 

degassing system, mixing system, and solvent reservoir high-pressure pump 

Injector for samples Column 
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Detector 

 
 

Data collection device [10] 

Degassing system, mixing system, and solvent reservoir: The solvent (mobile phase) is kept in the solvent 

reservoir. Glass or stainless steel are used for these containers. Glass bottles are the most prevalent kind of solvent 

reservoir (Jena AK, 2011). The pump must mix solvents with great accuracy and precision in addition to delivering 

the mobile phase. There are two main categories of mixing devices: low pressure mixing and high pressure mixing. 

The degassing system eliminates trapped air bubbles from the solvent. Degassing is accomplished using degasser 

techniques like filtration and ultra-sonication. 

High pressure pump: The purpose of the pump is to push a liquid and provide a certain flow rate. Milliliters per 

minute (ml/min) are used to measure flow rate. A typical flow rate is between one and two milliliter per minute. The 

pump pressure ranges from 6,000 to 9,000 psi (400 to 600 bar. Reciprocating piston pump, syringe- type pump, and 

constant pressure pump are the most popular kinds of pumps. 

Sample injector: The sample injector introduces the liquid sample into the moving phase. Between the pump and the 

column is where you'll find the sample valve. The sample is introduced into the continuous flowing mobile phase 

stream that transports the sample into the HPLC column using an injector (auto sampler). There are two types of 

injectors: automated and manual. The average sample size is 5 to 20 microliters (ul). 

Column: The column is the site of the actual separation of the various components. The column is composed of 

stainless steel. Its inner diameter is 2-4.6 cm, and its length ranges from 5 to 25 cm. 

Detector: The detector is able to recognize the particular component that elutes from the column and transform the 

data into an electrical signal. There are two basic types of detectors: bulk property detectors and specific detectors. 

Certain detectors include fluorescence, mass spectrometric, photo diode array, and UV-VIS detectors. Refractive 

index detector, electrochemical detector, and light scattering detector are some of the bulk property detectors. 

Data recording system: The computer connected to the display records the output as a series of peaks, and the area 

beneath the peak may be calculated automatically.[11] 

 

6.3. Development of analytical methods 

Choosing an appropriate assay approach to determine the makeup of a mixture is the process of developing an 

analytical technique. The process of developing an analytical technique is the one used to demonstrate its suitability 

for use in the lab. The ICH guidelines Q2 (R1) provide the protocols and acceptance criteria that should be used to 

create analytical methods for use in GMP and GLP settings.[12] 

 

6.4. The criteria for developing a methodology are as follows:[13] 

Skilled analysts 

Instruments that have been calibrated and are qualified 

Established procedures 

dependable reference standards 
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Sample selection and integrity 

Change control Analytical method development is useful for: 

New processes and responses 

The creation of novel molecules 

Active components (Macro analysis) 

Residues (Micro analysis) 

Profiling impurities 

Research on degradation 

Items made from herbs [14] 

 

6.5. The approach development process includes the following steps: 

Regular characterization of the analyte: 

For instance, all the known data about analyte and its structure, including its physical and chemical properties, is 

gathered. The sample analyte is obtained with 100% purity. The correct storage environment, including freezers, 

refrigerators, and desiccators, is set up. The number of components is taken into account when estimating multiple 

components from the sample matrix, data is collected, and the availability of standards is assessed for each 

component. Only techniques that are compatible with sample stability, such as spectroscopic, HPLC, GC, and MS, are 

taken into consideration.[15] 

Method requirements: Analytical methodology must be used to define the analytical figures of merit, such as 

linearity, accuracy, precision, Limit Of Detection, Limit of Quantification, selectivity, specificity, and range, as 

indicated. 

Prior methodology and literature review: By using books, journals, pharmacopoeias, and other sources, the 

literature review aims to collect all kinds of data about the analyte, including its physical and chemical characteristics, 

solubility, manufacturing, and related analytical methods. Automated computerized literature searches using the 

Chemical Abstract Service (CAS) are also useful for conducting literature reviews.[16] 

Choosing a Strategy: The literature provides the data used to create the methodology. 

Only sometimes does it become necessary to incorporate additional instrumentation in order to replicate, alter, 

validate, or enhance current methods for samples and analytes.When there isn't an established method for the analyte 

in the literature, a search is conducted for molecules that share the same chemical characteristics and structure as the 

analyte. 

Initial experiments and appropriate instrumental setup are required: Standard Operating Procedures (SOP's) are 

used to confirm Performance Qualification (PQ), Operational Qualification (OQ), and Installation Qualification (IQ). 

Whenever new materials are employed, such as gases, filters, and solvents. As an illustration, the prior HPLC column 

that was used is never used to start method development. The analyte solution, standard solutions of known 

concentrations, and solvents are made. It is important to start with a real, established benchmark rather a complicated 

sample matrix. After that, if the sample is extremely similar to the standard (active drug), it's likely that work will 

start with the real sample.[17] 

Optimization: Rather than using a trial-and-error technique, the optimization process only alters one parameter at a 

time, and the set of terms is distinct. The methodical approach has produced work that has been documented in a 

laboratory notebook for each case. 

Proper documentation of analytical figures of merits: The analytical figures of merit initially ascertained are 

documented, including the limit of detection (LOD), limit of quantification (LOQ), linearity, assessment time, costs, 

sample preparation. 

Evaluation of method development together with real samples: The solution made for the analyte needs to be able 

to precisely and absolutely identify the peak interest of the medicament apart from all the other matrix 

components.[18] 

Percentage recovery of real sample and demonstration of quantitative sample analysis: The percent recovery of 

a spiked, real standard analyte into a sample matrix that lacks analyte is calculated. Replication of recovery across 
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samples has been optimized. You don't need to achieve a 100% recovery if the outcomes are replicable. A laboratory 

investigation is the sole means of confirming the validity of analytical technique. 

As a result, documenting such successful trials is a prerequisite for establishing that a technique is appropriate for its 

intended purpose.[19] 

 

VII. VERIFICATION 

The United States created the idea of validation in 1978. Over time, the notion of validation has expanded to include 

a wide range of actions, including labelling, process control, and computerized systems for clinical trials, as well as 

analytical methods used to assure the quality of pharmaceutical ingredients and products. The prime and essential 

element of CGMP is best thought of as validation. The act of verifying validity or demonstrating efficacy is referred 

to as validation. A team effort involving individuals from various plant fields is called validation. The "process of 

establishing documented evidence" that a product (equipment) will satisfy the demands of the intended analytical 

applications is known as method validation. This process offers a high degree of assurance.[20] 

 

The Significance of Validation quality assurance 

The occurrence of batch failure is kept to a minimum. Fewer rejections 

Increased productivity and efficiency Higher production 

In both the manufacturing and finished product stages, there is less testing. Various forms of validation [21] 

 

7.2. Validation can take four different forms: 

Validating the equipment 

Qualification of the Design 

Installation Qualification 

Operational Competency 

Qualification of Performance 

Validation of the process 

Planned validation 

Retrospective validation 

Current validation 

Validation 

Validation of analytical techniques 

Validation of Cleaning 

The various categories of analytical methods that must be validated Tests for identification 

tests to determine the quantity of contaminants restricted testing to monitor contaminants 

quantitative assessment of the active moiety in drug samples [22] 
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7.3. Method Validation Procedures 

 

7.3. Method Validation Procedures 

Create a validation master plan, an operational

Identify the method's scope, objective,

Establish the performance metrics and

Describe validation studies. 

Confirm relevant performance features

Determine the quality of materials, such

Conduct preliminary validation tests. 

If necessary, modify the acceptance standards

Do thorough internal (and external) validation

Create standard operating procedures for

Establish revalidation criteria. 

Determine the frequency and kind of

procedure. 

The validation describes the results of 
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operational procedure, or a validation protocol for the validation.

objective, and uses. 

and the requirements for acceptability. 

features of the device 

such as reagents and standards. 

standards or/and the methodology parameters. 

validation experiments. 

for incorporating the technique into the daily routine. 

of tests for system suitability and/or Analytical Quality Control (AQC) for the 

 document validation studies.[23] 
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protocol for the validation. 

Analytical Quality Control (AQC) for the 
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7.4. Method validation parameters (components)[24]         

         1) Precision 

         2) Accuracy 

         3) Linearity 

         4) The detection limit 

         5) Limit of quantitation 

         6) Specificity 

         7) Range 

         8)Resilience 

Accuracy: The proximity of the test findings to the actual value is what is meant by accuracy. 

Precision: The term "precision" refers to the degree of agreement between several measurements taken on the same 

sample. 

The relative standard deviation is used to represent accuracy. 

The formula for the percent relative standard deviation is as follows: %RSD = Standard deviation/Mean x 100. 

Linearity: The capability of an analytical process to generate a response that is precisely proportionate to the quantity 

(amount) of analyte in the sample is known as linearity. 

The confidence interval around the regression line's slope indicates its linearity. 

Limit of Detection (LOD): The lowest concentration of analyte in a sample that may be detected or identified, but not 

quantified, is referred to as the LOD. The concentration of the LOD is typically expressed at a signal-to-noise ratio of 

3:1. 

The formula for determining the LOD is 3.3 times S divided by SD    

5) Precision: 

The accuracy of an analytical process is defined by ICH as the proximity of the value discovered to the conventional 

true value or an established reference value. The degree of agreement between the test findings produced by the 

approach and the actual value. Needs to be evaluated using at least three different concentration levels, each 

performed three times. Should be reported as follows: 

A. Percentage of recovery from a known addition amount 

B. The discrepancy between the average test result and the accepted value.  

 

7.5. The three levels at which precision may be assessed are as follows:  

A. Moderate precision 

A. Reproducibility 

C. linearity 

According to ICH, an analytical method is linear if its test findings are directly proportional to the analyte concentration 

in the sample. 

 

7.6. Evaluated by:[25] 

plot visual check. 

Statistical techniques. 

Acceptance standards 

 

6) Roughest: 

The degree to which results may be replicated under various circumstances, including different laboratories, analysts, 

instruments, environmental conditions, operators, and materials. 

In %RSD terms. 

Decided by examining samples from uniform lots in several labs. 
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7) Robustness: 

The robustness of an analytical procedure, according to ICH, is a measure of its ability to withstand minor, intentional 

changes to method parameters. It offers some evidence of how well the treatment works under typical 

circumstances.[26] 

 

VIII.  CONCLUSION 

The content of this paper covers the process of developing and validating methods. For the support of production, 

method validation is a crucial component of a pharmaceutical manufacturing firm. It attests to the product's quality. 

Therefore, quality control of pharmaceutical products necessitates a precise and delicate analytical procedure. This 

article gives an overview of how to create a method, what validation is, why validation is important, the various kinds 

of validation, the steps involved in the validation process, and the variables that demonstrate the method's 

applicability to its intended purpose. Identification, purification, and eventual qualification of any required 

medication, etc. are the main goals of analytical method development. Analytical methods have been developed to 

aid in comprehending the key process variables and mitigating their impact on accuracy and precision. In the 

pharmaceutical business, validation is an essential method for guaranteeing the quality of the work produced 

throughout the drug and product development process.  
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