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INTRODUCTION  

High-Performance Liquid Chromatography (HPLC) is 

one of the most widely used analytical techniques for the 

detection, separation, and quantification of drugs. During 

method optimization, various chromatographic factors 

are evaluated, such as sample preparation, selection of 

the mobile phase, choice of column, and type of detector. 

This article focuses on the processes involved in HPLC 

method development, optimization, and validation. 

 

Due to its benefits, including high speed, specificity, 

accuracy, precision, and suitability for automation, 

HPLC is extensively used for the analysis of drugs in 

multicomponent pharmaceutical dosage forms. The 

development and validation of HPLC methods play a 

vital role in new drug discovery, formulation 

development, manufacturing, and in both human and 

veterinary studies. Analytical method validation is an 

essential requirement during drug development and 

production to confirm that the method is appropriate for 

its intended application. 

 

To comply with Good Manufacturing Practice (GMP) 

standards, pharmaceutical industries must establish a 
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ABSTRACT 
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This article focuses on the processes involved in HPLC method development, optimization, and validation. Due to 
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comprehensive validation policy that clearly describes 

validation procedures. This article mainly emphasizes the 

optimization of HPLC operating conditions. 

 

HPLC PRINCIPLE  
High-Performance Liquid Chromatography (HPLC) is a 

highly effective analytical technique widely used in 

modern chemistry. It is capable of identifying, 

separating, and quantifying components present in liquid 

samples. HPLC is extensively applied in pharmaceutical 

analysis due to its high accuracy in both qualitative and 

quantitative evaluations, making it a vital tool in the 

advancement of analytical chemistry. 

 

In HPLC, the sample solution is introduced into a packed 

column containing a stationary phase. A liquid mobile 

phase is then forced through the column under high 

pressure. Separation occurs because different 

components in the sample interact differently with the 

stationary and mobile phases, resulting in varied 

migration rates. As a result, each component elutes from 

the column at a specific time, enabling effective 

separation. 

 

Compounds with weaker interaction or lower affinity 

toward the stationary phase move more rapidly through 

the column, while those with stronger affinity migrate 

more slowly. This difference in movement forms the 

basis of separation and allows accurate analysis of 

individual components. 

 

HPLC plays a crucial role in pharmaceutical analysis by 

enabling the separation and quantification of active 

pharmaceutical ingredients, impurities, reaction 

intermediates, and degradation products. It is an essential 

technique for assessing drug quality, stability, and safety. 

Due to its high precision and reliability, HPLC remains 

one of the most important analytical tools in 

pharmaceutical and analytical chemistry. 

 

Chromatographic Methods in HPLC 

The selection of a chromatographic method in High-

Performance Liquid Chromatography (HPLC) depends 

largely on the phase system employed. Normal-phase 

HPLC (NP-HPLC) separates analytes primarily based on 

their polarity. In this technique, a polar stationary phase 

and a non-polar mobile phase are used. Polar compounds 

interact more strongly with the stationary phase and are 

therefore retained for longer periods, resulting in 

increased elution times as polarity increases. NP-HPLC 

is particularly useful for studying the polarity-based 

composition of samples and is widely applied in 

chemistry, pharmaceutical research, and environmental 

analysis. 

 

Classification of HPLC 

HPLC techniques can be classified based on various 

operational and separation principles: 

 

 

Based on scale of operation 

HPLC is divided into analytical HPLC and preparative 

HPLC. 

 

Based on chromatographic technique 
Techniques include size-exclusion chromatography, 

affinity chromatography, and adsorption 

chromatography. 

 

Based on separation mechanism 

Chiral phase chromatography and ion-exchange 

chromatography fall under this category. 

 

Based on elution method 

Chromatography may be performed using isocratic or 

gradient elution. 

 

Based on mode of operation 

HPLC operates in either normal-phase or reverse-phase 

modes. 

 

1. Size-Exclusion Chromatography (SEC) 

Size-Exclusion Chromatography, also known as gel 

permeation or gel filtration chromatography, separates 

molecules according to their size. It is commonly used to 

analyze the tertiary and quaternary structures of proteins 

and amino acids. SEC is also widely applied for 

determining the molecular weight of polysaccharides, 

providing essential structural information in scientific 

and analytical research. 

 

2. Ion-Exchange Chromatography 

Ion-exchange chromatography is based on electrostatic 

interactions between charged solutes and oppositely 

charged groups on the stationary phase. Molecules with 

similar charges are repelled, while those with opposite 

charges are retained. This technique is extensively used 

in applications such as water purification, protein 

separation, ligand-exchange chromatography, and high-

pH anion-exchange chromatography for carbohydrates 

and oligosaccharides. 

 

3. Bio-Affinity Chromatography 

Bio-affinity chromatography utilizes specific and 

reversible interactions between ligands and target 

proteins for separation. Ligands are covalently attached 

to a solid support, forming a bio-affinity matrix. Proteins 

that recognize and bind to these ligands are selectively 

retained, allowing efficient purification of target 

biomolecules. This technique is highly valuable in 

biochemical and pharmaceutical research. 

 

4. Normal-Phase Chromatography 

In normal-phase chromatography, the stationary phase is 

polar while the mobile phase is non-polar. Polar analytes 

exhibit stronger interactions with the stationary phase, 

leading to longer retention times. Common stationary 

phases include chemically modified silica materials such 

as aminopropyl, cyanopropyl, and diol groups. Typical 

columns range from 150 to 250 mm in length with an 
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internal diameter of approximately 4.6 mm. Non-polar 

compounds elute faster, while polar compounds are 

retained longer due to adsorption onto the polar surface. 

 

5. Reverse-Phase HPLC (RP-HPLC) 

In Reverse-Phase HPLC, a non-polar stationary phase is 

combined with a polar or moderately polar mobile phase. 

Separation is governed by hydrophobic interactions, 

where less polar compounds are retained longer by the 

stationary phase. As a result, more polar components 

elute earlier. RP-HPLC is the most widely used HPLC 

mode and is extensively applied in pharmaceutical 

analysis, biochemistry, and environmental studies. 

 

Instrumentation of High-Performance Liquid 

Chromatography 

In HPLC, analytical separation is achieved by pumping

  

 
 

Characteristics of HPLC 

High-Performance Liquid Chromatography (HPLC) 

operates using high mobile phase pressures and narrow-

bore columns made of stainless steel or glass. These 

features allow rapid analysis and precise regulation of 

mobile phase flow rates. As a result, HPLC offers 

enhanced separation efficiency and resolution, making it 

a highly effective analytical technique for the controlled 

and rapid separation of compounds across various 

applications. 

 

Advantages of HPLC 

HPLC provides numerous advantages, including high 

resolution, the ability to perform simultaneous analysis 

of multiple components, exceptional sensitivity, and 

excellent reproducibility. It requires only small sample 

quantities and operates under mild analytical conditions. 

Additionally, HPLC allows easy fraction collection and 

purification, making it a versatile and widely preferred 

method in many analytical and pharmaceutical 

applications. 

HPLC Method Development and Validation 

The development and validation of analytical methods 

are essential in pharmaceutical research, formulation 

development, and manufacturing. These processes ensure 

accurate identification, purity assessment, potency 

determination, and overall effectiveness of 

pharmaceutical products. During method development, 

the physicochemical properties of drug substances—such 

as pKa, log P, and solubility—are carefully evaluated to 

select suitable chromatographic and detection conditions, 

particularly for UV-based detection methods. 

 

Validation of HPLC methods, especially for stability-

indicating purposes, is a critical component of analytical 

development. It focuses on the effective separation and 

quantification of the active pharmaceutical ingredient, 

related impurities, synthesis intermediates, and 

degradation products. This ensures the accuracy, 

reliability, and robustness of analytical results in 

pharmaceutical quality control. 
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Steps in HPLC Method Development 

HPLC method development begins with defining an 

analytical approach by selecting appropriate 

chromatographic conditions and understanding the 

physicochemical characteristics of the drug molecule. 

This is followed by sample preparation, method 

optimization, and method validation to confirm the 

precision, accuracy, and reliability of the analytical 

procedure. 

 

Understanding the Physicochemical Properties of 

Drug Molecules 

A thorough understanding of the physicochemical 

properties of a drug molecule is fundamental to the 

development of an effective analytical method. Key 

factors considered at the initial stage include pH, 

polarity, solubility, and pKa of the drug substance. 

Polarity plays a crucial role in selecting suitable solvents 

and determining the composition of the mobile phase. 

Since solubility is closely related to polarity and follows 

the principle of ―like dissolves like,‖ it strongly 

influences the choice of diluents and mobile phases. 

 

The selected mobile phase must be compatible with the 

analyte, ensuring complete solubility without causing 

chemical interaction or degradation. Additionally, pH 

and pKa are important parameters in HPLC method 

development, as they affect analyte ionization and 

solvent selection, ultimately influencing retention and 

separation efficiency. 

 

 

 

Overall Method Success and pH Optimization 

The success of an analytical method is strongly 

influenced by proper control of pH, which is defined as 

the negative logarithm of the hydronium ion 

concentration (pH = −log₁₀[H₃O⁺]). In High-

Performance Liquid Chromatography (HPLC), 

optimizing the pH is particularly important for ionizable 

analytes, as it directly affects their retention behavior and 

peak shape. Well-optimized pH conditions result in sharp 

and symmetrical peaks, which are essential for achieving 

low detection limits, minimal variation between 

injections, and consistent retention times. These 

characteristics collectively enhance the accuracy, 

precision, and sensitivity of quantitative 

chromatographic analyses, leading to reliable and 

reproducible results. 

 

2. Choosing Chromatographic Conditions 

During the early stages of method development, 

preliminary chromatographic conditions are selected to 

obtain initial ―scouting‖ chromatograms of the sample. 

These conditions typically include the choice of detector, 

column, and mobile phase composition. Reversed-phase 

chromatography using a C18 column combined with UV 

detection is commonly employed at this stage due to its 

broad applicability and robustness. A key decision during 

this phase is whether to use a gradient or an isocratic 

elution method. Each approach has distinct advantages, 

and the selection depends on the complexity of the 

sample, the range of analyte polarities, and the desired 

separation efficiency. 
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2.2.1 Selection of Column 

The chromatographic column is the most critical 

component of an HPLC system, as it directly determines 

the quality of separation and the reliability of analytical 

results. Proper column selection ensures effective 

resolution of analytes, while an inappropriate choice can 

lead to poor, overlapping, or misleading chromatograms 

that are difficult to interpret. During method 

development, changes in the column often have a 

significant impact on analyte resolution. 

 

Several factors must be considered when selecting a 

suitable column, including particle size, retention 

capacity, stationary phase chemistry, and column 

dimensions. These parameters collectively influence 

column efficiency, selectivity, and overall performance. 

An HPLC column consists of three main components: 

the hardware, the matrix, and the stationary phase. The 

matrix supports the stationary phase and may be 

composed of materials such as alumina, zirconium, 

polymers, or, most commonly, silica. 

 

Silica is widely used as a matrix material due to its high 

mechanical strength, uniform spherical particle size, ease 

of chemical modification, and resistance to compression 

under high pressure. These properties contribute to 

consistent performance and reliable separations. In 

addition, silica-based columns are chemically stable in 

most organic solvents and under acidic conditions. 

However, conventional silica supports tend to degrade at 

pH values above 7. To address this limitation, newer 

silica-based columns have been developed that allow 

operation over a wider pH range. 

 

The effectiveness of a silica column depends on factors 

such as particle size, shape, and surface characteristics, 

which influence efficiency and the number of theoretical 

plates. The type of stationary phase bonded to the silica 

determines whether the column is suitable for normal-

phase or reversed-phase chromatography, highlighting 

the versatility of silica-based columns across various 

analytical applications. 

 

In normal-phase chromatography, a polar stationary 

phase is used with a non-polar mobile phase, resulting in 

polar compounds eluting later than non-polar ones. In 

contrast, reversed-phase chromatography relies on a non-

polar stationary phase and a polar mobile phase, making 

it the preferred choice for many pharmaceutical and 

biochemical analyses. Columns with shorter alkyl chains, 

such as propyl (C3), butyl (C4), and pentyl (C5), are 

particularly useful for large molecules and peptides 

containing hydrophobic residues, especially in ion-

pairing applications. However, these columns generally 

provide weaker retention for non-polar compounds 

compared to longer-chain phases such as C8 or C18. 

 

Examples of reversed-phase columns include YMC-Pack 

C4, Luna C5, and Zorbax SB-C3, each offering specific 

selectivity characteristics. Columns with shorter alkyl 

chains may exhibit lower resistance to hydrolysis than 

those with longer chains. Octyl (C8) columns are widely 

applied for the separation of compounds such as steroids, 

nucleosides, and pharmaceutical drugs, although they 

provide less retention than C18 columns. The choice of 

stationary phase is therefore crucial during method 

development, as a stable and reproducible column is 

essential for establishing a reliable analytical procedure 

and preventing variations in analyte retention. 

 

It is important to note that chromatographic selectivity 

can vary between columns from different manufacturers 

and even between batches from the same manufacturer. 

This variability arises from differences in bonded phase 

characteristics, silica substrate properties, and column 

dimensions. Despite these variations, silica-based 

packing materials remain the most commonly used in 

modern HPLC due to their favorable physical properties, 

versatility, and efficiency in achieving precise and 

reproducible separations. 

 

2.2.2 Selection of Chromatographic Mode 

The choice of chromatographic mode is primarily 

determined by the polarity and molecular weight of the 

analytes. Reversed-phase chromatography (RPC) is the 

most widely used mode, particularly for the analysis of 

small organic compounds. Due to its robustness, 

reproducibility, and compatibility with a wide range of 

analytes, RPC is frequently preferred in method 

development and case studies involving pharmaceutical 

and analytical applications. 

 

Reversed-phase chromatography is extensively 

employed for the separation of ionizable compounds, 

including acidic and basic substances. This is achieved 

through the use of buffered mobile phases or ion-pairing 

reagents, which regulate the ionization state of analytes 

and thereby improve retention, peak symmetry, and 

reproducibility. 

 

2.2.3 Optimization of Mobile Phase 

Buffer Selection 

Several buffer systems, such as acetate buffer, sodium 

phosphate, and potassium phosphate, were investigated 

to evaluate their influence on chromatographic 

performance and system suitability parameters. Among 

these, potassium dihydrogen phosphate was identified as 

the most appropriate buffer, providing efficient 

separation of all analyte peaks. Buffer concentrations of 

0.02 M, 0.05 M, and 0.1 M were assessed during method 

development. Variations in buffer strength did not cause 

significant changes in retention behavior or resolution; 

however, a concentration of 0.05 M resulted in improved 

analytical sensitivity without adversely affecting the 

separation efficiency. 

 

Effect of pH 

For analytes capable of ionization, selection of an 

appropriate mobile-phase pH is a critical factor and is 

generally guided by the pKa values of the compounds. 
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Proper pH adjustment ensures that the analyte exists 

predominantly in either its ionized or non-ionized form, 

as required for optimal separation. Control of mobile-

phase pH serves as a powerful variable in 

chromatographic optimization, as it directly influences 

both retention time and selectivity. By carefully adjusting 

pH, critical separations between closely eluting 

components can be achieved, thereby enhancing overall 

method performance. 

 

Effect of Organic Modifier 

In reversed-phase HPLC, the choice of organic modifier 

is typically limited to a few commonly used solvents, 

primarily acetonitrile and methanol, with tetrahydrofuran 

used occasionally. Achieving satisfactory separation of 

all components in complex mixtures under isocratic 

conditions can be difficult due to the fixed solvent 

strength. Consequently, gradient elution is frequently 

employed, allowing the organic solvent composition to 

vary during the run. Gradient methods enable effective 

separation across a wide range of retention factors, 

generally between k values of 1 and 10, and are 

particularly advantageous for multicomponent sample 

analysis. 

 

2.2.4 Selection of Detector and Wavelength 

Following chromatographic separation, analytes are 

detected and quantified using suitable detectors. 

Common detectors employed in liquid chromatography 

include ultraviolet (UV), fluorescence, electrochemical, 

refractive index (RI), and mass spectrometry (MS) 

detectors. The selection of a detector depends on the 

chemical nature of the analyte, the sample matrix, and 

the sensitivity and selectivity required for the analysis. 

 

In multicomponent analysis, analyte absorption spectra 

may shift relative to the parent compound, necessitating 

careful selection of the detection wavelength. For UV 

detection, spectra of the analyte and potential impurities 

are recorded at different concentrations, overlaid, and 

normalized. An appropriate wavelength is then selected 

to ensure adequate response for all relevant components, 

thereby achieving accurate, sensitive, and reliable 

detection in liquid chromatographic analysis. 

 

3. Development of an Analytical Approach 

The initial phase of developing a Reverse Phase High-

Performance Liquid Chromatography (RP-HPLC) 

method involves the systematic selection of 

chromatographic parameters, including the mobile phase 

composition, column type, flow rate, and mobile-phase 

pH. Each parameter is optimized through experimental 

trials and evaluated using system suitability criteria. 

Typical acceptance criteria include a retention time 

greater than five minutes, a theoretical plate count 

exceeding 2000, a tailing factor below two, resolution 

greater than five, and a percent relative standard 

deviation (%RSD) of peak areas not exceeding two 

percent. Compliance with these criteria ensures the 

precision, accuracy, and reproducibility of the RP-HPLC 

method. 

 

For the simultaneous estimation of multiple components, 

the detection wavelength is commonly selected at the 

isosbestic point. Linearity studies are then conducted to 

establish the concentration range over which the detector 

response remains proportional to analyte concentration. 

The validated method is initially applied to laboratory-

prepared mixtures and subsequently to commercial 

formulations, which are appropriately diluted to fall 

within the established linearity range. This structured 

approach ensures the applicability and reliability of the 

method for routine analysis. 

 

4. Sample Preparation 

Sample preparation is a critical step in HPLC analysis, as 

it ensures the production of a homogeneous, reproducible 

solution suitable for injection into the chromatographic 

system. The primary objective of sample preparation is 

to obtain an aliquot that is free from interfering 

substances and compatible with both the column and the 

mobile phase. Selection of an appropriate sample solvent 

is essential, as it must dissolve the analyte completely 

while maintaining chromatographic performance in 

terms of retention and resolution. Proper sample 

preparation forms the foundation for accurate, precise, 

and reproducible chromatographic results. 

 

5. Method Optimization 

Method optimization involves identifying limitations or 

weaknesses in the initial analytical approach and refining 

the method through systematic experimentation. 

Experimental design techniques are employed to 

evaluate the influence of various factors, including 

sample variability, instrumental configurations, and 

environmental conditions. This iterative optimization 

process enhances method robustness, reliability, and 

consistency, ensuring that the developed HPLC method 

performs effectively across diverse analytical conditions 

(HPLC) analysis. 

 

6. Validation 

Validation is the systematic process of assessing and 

providing objective evidence that specific requirements 

for a particular intended use are met. It involves 

evaluatinga method's performance and demonstrating its 

capability to meet specific criteria. Essentially. validation 

provides a thorough understanding of what your 

technique can reliably produce, particularly when dealing 

with low doses or challenging conditions in. analytical 

methods like High-Performance Liquid Chromatography 

(HPLC), 9) 

 

Method Validation 

Validation is the process of laboratory testing to 

demonstrate that the performance characteristics of an 

analytical method meet the requirements of the intended 

analytical application. Whether used by multiple 

operators with the same equipment in the same or 
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different laboratories, any new or updated method must 

be validated to ensureit consistently produces repeatable 

and reliable results. The specific method and its intended 

uses determine the type of validation program required, 

ensuring that the analytical process is robust and fit for 

its purpose in various settings. 

 

Method validation results are a crucial aspect of any 

robust analytical procedure, providing an evaluation of 

the quality, consistency, and reliability of analytical 

results. Essential to the validation process is the use of 

equipment that meets specifications, is correctly 

calibrated, and isoperating and functional. The validation 

process ensures that analytical methods are thoroughly 

assessed and either validated foruse or invalidated if they 

do not meet the required criteria. This ensures the 

accuracyand dependability of analytical results in various 

applications. 140,411 

 

The following are typical parameters recommended by 

the FDA, USP, and ICH. 

1. Specificity 

2. Linearity & Range 

3. Precision 

 

1. Method precision (Repeatability) 

II. Intermediate precision (Reproducibility) 

 

4. Accuracy (Recovery) 

5. Solution stability 

6. Limit of Detection (LOD) 

7. Limit of Quantification (LOQ) 

8. Robustness 

9. Range 

10. System suitability 

 

1. Specificity 

Selectivity and specificity are often used interchangeably 

in the context of method validation. Specificity refers to 

the ability to unequivocally assess the analyte in the 

presence of other components that may be present. This 

is the capacity to distinguish the analyte with absolute 

ertainty in the presence of potentially interfering 

substances. 

 

To determine specificity, a comparison is made between 

test results from an analysis of samples containing 

contaminants, degradation products, or placebo 

ingredients and those from an analysis of samples. 

without such elements. This comparison controls and 

evaluates the method's ability to selectively identify and 

quantify the analyte of interest amidst potential 

interferences, ensuring the reliability and accuracy of the 

analyticalmethod, 142.43 

 

2. Linearity and range 

Linearity in an analytical process refers to its ability to 

produce test results that are directly proportional to the 

concentration of the analyte in the sample, within a 

specified range. It is crucial to evaluate this linear 

relationship across the spectrum of the analytical 

technique. The suggested approach involves diluting a 

normal stock solution containing the constituent parts of 

the medicinal product to directly demonstrate linearity on 

the drugsubstance. 

 

In establishing linearity, the confidence interval around 

the slope of the regression line is commonly employed. 

According to ICH recommendations, a minimum of five 

concentrations is proposed for establishing linearity. The 

range of an analytical method is defined as the interval. 

between the higher and lower values that have been 

demonstrated to be determined with precision, accuracy, 

and linearity using the method. This comprehensive 

assessment ensures the reliability and validity of the 

analytical method over a defined concentration range, 

144.451 

 

3. Precision 

Precision in the context of analytical methods represents 

the degree of agreement or scattering between a series of 

measurements made under specific conditions from 

several samplings of the same homogeneous material. 

Precision is a critical parameter for assessing the entire 

analytical process's reproducibility. 

 

Precision consists of two components: repeatability and 

intermediate precision. Repeatability is the variation 

experienced by a single analyst on a single instrument. It 

does not distinguish between variance introduced by the 

sample preparation procedure and that caused by the 

instrument or system. During validation, numerous. 

replicates of an assay composite sample are analyzed 

using the analytical procedure to determine repeatability. 

and a recovery value is calculated. 

 

Intermediate precision refers to the fluctuation that 

occurs within a laboratory on different days, with 

different instruments, and involving different analysts. 

These components of precision assessment ensure a 

comprehensive understanding of the reliability and 

reproducibility of the analytical method under varying. 

 

4. Accuracy 

Accuracy refers to how close a measured value is to the 

true or accepted value. It's a measure of how well the 

analytical method reflects the actual value. To assess 

accuracy, samples with known concentrations are 

analyzed and compared to standards. 

 

5. Solution Stability 

Solution stability assesses how well standards and 

samples remain stable under various conditions, like 

storage or instrument conditions. This helps determine 

proper storage and handling practices. 

 

6. Limit of Detection (LOD) 

The LOD is the lowest concentration of an analyte that 

can be detected, but not necessarily quantified. 
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7. Limit of Quantification (LOQ) 

The LOQ is the lowest concentration of an analyte that 

can be accurately and precisely measured. 

 

8. Robustness 
Robustness measures how well an analytical method 

performs under normal conditions and slight changes in 

parameters. A robust method produces consistent results 

despite minor variations. 

 

9. Range 

The range is the interval between the highest and lowest 

concentrations of an analyte that can be accurately 

measured with sufficient linearity, precision, and 

accuracy.

 

 
 

10. System Suitability 

System suitability tests check if the chromatographic 

system (like HPLC) is working properly for the analysis. 

It ensures the system's repeatability, resolution, and 

sensitivity are good enough. Think of it like checking all 

parts of the system (equipment, electronics, processes, 

and samples) work together okay before running the 

actual analysis. 

 

CONCLUSION 

The development and validation of High-Performance 

Liquid Chromatography (HPLC) methods play a crucial 

role in pharmaceutical analysis for identifying, assessing 

purity, and quantifying drugs. Creating an effective 

HPLC method requires understanding the 

physicochemical properties of the compound and 

optimizing parameters like mobile phase composition, 

pH, gradient slope, temperature, and flow velocity. The 

optimized method is then validated using characteristics 

like specificity, precision, accuracy, and linearity, This 

rigorous process ensures the HPLC method is reliable 

and robust for pharmaceutical analysis. 

 

REFERENCES 

1. Rao BV, Sowjanya GN, Ajitha A, Rao Uma MV. A 

review on stability-indicating HPLC method 

development, World journal of pharmacy and 

pharmaceutical sciences, 2015; 4(8): 405-423. 

2. Rajan HV. Development and validation of HPLC 

method A Review. International Journal of current 

research in pharmacy, 2015; 1(2): 55-68. 

3. Kumar V. Bharadwaj R. Gupta G. Kumar S. An 

Overview on HPLC Method Development, 

Optimization and Validation process for drug 

analysis. The Pharmaceutical and Chemical Journal, 

2015; 2(2): 30-40. 

4. B.V. Rao, G.N. Sowjanyal, A. Ajitha, V.U.M. Rao, 

Review on stability indicating hple method 

development, World Journal of Pharmacy and 

Pharmaceutical Sciences, 2015; 4(8): 405-423. 

5. Arpino, Patrick. Combined liquid chromatography-

mass spectrometry. Part III. Applications of 

thermospray". Mass Spectrometry Reviews, 1992; 

11: 3. doi:10.1002/mas. 1280110103. 

6. Arpino, Patrick. Combined liquid chromatography-

mass spectrometry. Part I. Coupling by means of a 

moving belt interface". Mass Spectrometry Reviews, 

1989; 8: 35. doi: 10.1002/mas. 1280080103. 

7. Gupta V. Jain AD, Gill NS, Gupta K. Development 

and validation of HPLC method a review. 

International Research Journal of Pharmaceutical 

and Applied Sciences, 2012; 2(4): 17-25. 

8. Sonia K, Nappinnai M. Development and validation 

of HPLC and UV-visible spectrophotometric method 

for the pharmaceutical dosage form and biological 

fluid-review. European Journal of Biomedical and 

Pharmaceutical sciences, 2016; 3(3): 382-391. 

9. Sánchez MLF. Chromatographic techniques, 

European RTN Project, GLADNET, retrieved on, 

05-09-2013. 

10. Mcpolin Oona. An Introduction to HPLC for 

Pharmaceutical Analysis. Mourne Training Service, 

11-12. 

11. United States Pharmacopoeia and National 

Formulary, (24th) Asian Edition, The United States 

Pharmacopoeia Convention Inc. U.S.A. 2126. 

12. Sankar SR, Text book of Pharmaceutical Analysis. 

5th Edition 2006. Rx publications, Tirunelveli, 2006; 

13-1.2. 

13. M.S. Charde, A.S. Welankiwar, J. Kumar, Method 

development by liquid chromatography with 

validation, International Journal of Pharmaceutical 

Chemistry, 04(02): 57-61. 

14. M.W. Dong, Modern Hple for practicing scientists, 

John Wiley & Sons, New Jersey, 2006. 

15. C.K. Kaushal, B. Srivastava, A process of method 

development: A chromatographic approach, J. 

Chem. Pharm. Res., 2010; 2(2): 519-545 

16. N.Toomula, A. Kumar, S.D. Kumar, V.S. Bheemidi, 

Development and Validation of Analytical Methods 



www.wjpls.org         │        Vol 12, Issue 2, 2025.         │          ISO 9001:2015 Certified Journal         │ 

 

Ananthakrishnan et al.                                                                    World Journal of Pharmaceutical and Life Science  

 

 

 

 

 

 

 15 

for Pharmaceuticals, J Anal Bioanal Techniques, 

2011; 2(5): 1-4. 

17. Sethi PD. Introduction High Performance Liquid 

Chromatography, 1st edn, CBS Publishers, New 

Delhi, 2001; 1-28. 

18. Julia T. Mena AJ, Aucoin MG, Kamen AA. 

Development and validation of a HPLC method for 

the quantification of baculovirus particles. J 

Chromatogr B. 2011; 879: 61-68. 

19. Santhosh G. Nagasowjanya G. Ajitha A, Uma 

Maheswara Rao Y. HPLC method development and 

validation: an overview. International Journal of 

Pharmaceutical Research & Analysis, 2014; 4(2): 

274-280. 

20. Kayode J. Adebayo. Effective HPLC method 

development. Journal of Health, Medicine and 

Nursing, 2015; 12: 123-133. 

21. Gad S. Pharmaceutical manufacturing handbook of 

regulations and quality. John wiley and sons, 2006. 

22. T. Bhagyasree, N. Injeti, A. Azhakesan, U.M.V. Rao, 

A review on analytical method development and 

validation, International Journal Pharmaceutical 

Research & Analysis, 2014; 4(8): 444-448.  

23. V. Kumar, R. Bharadwaj, G.G., S. Kumar, An 

Overview on HPLC Method Development, 

Optimization and Validation process for drug 

analysis, The Pharmaceutical and Chemical Journal, 

2015; 2(2): 30-40. 

24. Nevado JJB et.al. Reliable and Sensitive SPE-

HPLC-DAD Screening of Endocrine Disruptors 

Atrazine, Simazine and their Major Multiresidues in 

Natural Surface Waters: Analytical Validation and 

Robustness Study Perfomance. J Chromatograph 

Separat Techniq, 2014; 5: 215. 

25. Nia Y et al. Determination of Ti from TiO2 

Nanoparticles in Biological Materials by Different 

ICP-MS Instruments: Method Validation and 

Applications. J Nanomed Nanotechnol, 2015; 6: 

269. 

26. A. Shrivastava, V.B. Gupta, HPLC: Isocratic or 

Gradient Elution and Assessment of Linearity in 

Analytical Methods, J Adv Scient Res, 2012; 3(2): 

12-20. 

27. Weston A, Brown PR. HPLC and CE Principles and 

Practice. Academic press California, 1997. 

28. Ngwa G. Forced Degradation Studies. Forced 

Degradation as an Integral part of HPLC Stability 

Indicating Method Development. Drug Delivery 

Technology, 2010; 10(5). 

29. Mohamad T, Mohamad MA, Chattopadhyay M. 

Particle size role, Importance and Strategy of HPLC 

Analysis An update. International Archives of 

BioMedical and Clinical Research, 2016; 2(2): 5-11. 

30. V. Kumar, R. Bharadwaj, G.G., S. Kumar, An 

Overview on HPLC Method Development, 

Optimization and Validation process for drug 

analysis, The Pharmaceutical and Chemical Journal, 

2015; 2(2): 30-40. 

31. Subramanian Natesan et.al. Improved Rp- Hplc 

Method for the Simultaneous Estimation of 

Tranexamic Acid and Mefenamic Acid in Tablet 

Dosage Form. Pharm Anal Acta, 2011; 2: 115. 

32. Vishnu Pet.al. Simultaneous Estimation of 

Atorvastatin, Ezetimibe and Fenofibrate in 

Pharmaceutical Formulation by RP-LC-PDA. Pharm 

Anal Acta, 2010; 1: 111. 

33. Lalit V. Sonawane and Sanjaykumar B. Bari 

Development and Validation of RP-HPLC Method 

for the Simultaneous Estimation of Amoxicillin 

Trihydrate and Bromhexine Hydrochloride from 

Oily Suspension. Pharm Anal Acta, 2010; 1: 107. 

34. Laxman Sawant et al. Quantitative HPLC Analysis 

of Ascorbic Acid and Gallic Acid in Phyllanthus 

Emblica. J Anal Bioanal Techniques, 2010; 1: 

111,35. ICH Q2A. Text on Validation of Analytical 

Procedures, International Conference 

Harmonization, Geneva; 1995.  

35. Validation of Compendial Procedures, United State 

Pharmacopeia, USP 36 NF, 2010; 27(2). 

36. G. David Watson, Pharmaceutical Analysis (3rd Ed., 

Churchill Livingstone. London: Harcourt Publishers 

Limited, Essex CM 20 2JE. 2012. 

37. A.H. Beckett, and J.B. Stenlake, Practical 

Pharmaceutical Chemistry (4th Ed., Vol. I & II. CBS 

Publishersand Distributors, New Delhi, 2007. 

38. T. Higuchi, and Brochman-Hansen, Pharmaceutical 

Analysis, (3rd edition, CBS Publishers and 

Distributors pvt. Ltd., New Delhi, 1997. 

39. G. Oliver, R. Gerrit, and VZ. Maxmilian, Leading 

Pharmaceutical Innovation, Trends and drivers for 

Growth in the pharmaceutical industry. (2nd Ed. 

Springer, 2008; 12-15. 

40. Br. Jay, J. Kelvin, and B. Pierre, Understanding and 

Implementing Efficient Analytical Methods 

Development and Validation, 2003. 

41. R.M. Christopher, and W.R. Thomas, Quality 

Systems approach to Pharmaceutical CGMP 

Development and validation of Analytical Methods, 

(1st Ed., 2005; 147-152. 

42. R. Lloyd Snyder, J. Joseph Kirkland and L.. Joseph 

Glajah, Practical HPLC method development (2nd 

Ed., 1997; 179-184. 

43. B.K. Sharma. Instrumental method of chemical 

analysis (29th Ed., Meerut, Chromatography, HPLC, 

Goel Publishing House, 2013; 286-385. 

44. H.H. Willard, L.L. Merrit, J.A. Jr. Dean, and F.A. Jr. 

Settle, Instrumental Methods of Analysis (CBS 

Publishers, New Delhi, 1986. 

45. R.A. Day. and A.L, Underwood, Quantitative 

Analyses, (5th Ed., Prentice Hall, New Delhi, 1986. 

46. Macek and Karel, Pharmaceutical Applications of 

Thin Layer and Paper Chromatography, 1972; 62(6): 

1032. 

47. G. Ramana Rao, S.S.N. Murthy, and P Khadgapathi, 

Gas Chromatography to Pharmaceutical Analysis, 

Eastern Pharmacist, 1987; 30(353): 35. 

48. G. Ramana Rao, S.S.N. Murthy, and P. Khadgapathi, 

High Performance Liquid Chromatography and its 

Role in Pharmaceutical Analysis, Eastern 

Pharmacist, 1986; 29(346): 53. 



www.wjpls.org         │        Vol 12, Issue 2, 2025.         │          ISO 9001:2015 Certified Journal         │ 

 

Ananthakrishnan et al.                                                                    World Journal of Pharmaceutical and Life Science  

 

 

 

 

 

 

 16 

49. C.S.P. Sastry, T.N.V. Prasad and E.V. Rao, Recent 

applications of High-Performance Liquid 

chromatography in pharmaceutical analysis, Indian. 

J. Pharm. Education, 1987; 21(37). 

50. Ravisankar P. Gowthami S. and Devala Rao G, A 

review on analytical method development, Indian 

journal of research inpharmacy and biotechnology. 

2014; 2(3): 1183-1195. 

51. Ravisankar P. Rajyalakshmi G. Devadasu Ch, and 

Devala Rao G. Instant tips for right and effective 

approach to solve HPLC trouble shooting. Journal of 

chemical and pharmaceutical sciences, 2014; 7(3): 

259-274. 

52. Jay Breaux, Kevin Jones, and Pierre Boulas, 

Development services analytical method 

development and validation Pharmaceutical 

technology, 2003; 27(1): 6-13. 

53. E. Michael Swartz, and Iras Krull, Analytical 

method development and validation, CRC press, 

Marcel dekker, Inc., Madison Avenue, New York, 

1997. 

54. K. Yuri, and LB. Rosario, HPLC for pharmaceutical 

scientists, (John Wiley and Sons, Inc., Hoboken, 

New Jersey, 2007; 92-98. 

55. G. P. Carr, and J. C. Wahlichs. A practical approach 

to method validation in pharmaceutical analysis", J. 

Pharm, Biomed. Anal, 1990; 8: 613-618. 

56. United States Pharmacopoeia, 24, National 

Formulary 19, section, Validation of compendial 

methods". US Pharmacopoeial convention. 

Rockville, Validation of analytical procedures text 

and methodology Q2 (R1), November, 2000; 2005. 

57. International conference on harmonization (ICH) of 

technical requirements for registration of 

pharmaceuticals for human use, Validation of 

analytical procedures: Text methodology. (Q2 (R1) 

Geneva, 2005; 6-13. 

58. Draft guidance analytical procedures and method. 

validation, US food and drug administration, Centre 

for drugs and biologics, Department of Health and 

Human Services.  


