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Abstract 
Due to its very effective separations and often high 

detection sensitivity, HPLC is the most widely used 

separation method in contemporary pharmaceutical 

and biomedical analysis. Due to the HPLC method's 

numerous benefits, including its speed, specificity, 

accuracy, precision, and ease of automation, the 

majority of medications in multi-component dosage 

forms can be examined using this technique. The 

creation and validation of HPLC methods are crucial 

to new research, development, pharmaceutical 

medication production, and several other human and 

animal studies. To compare a defined characteristic 

of the drug substance or drug product to 

predetermined acceptance criteria for that 

characteristic, an analytical technique is designed. 

This review provides details on the numerous steps 

that go into developing and validating an HPLC 

technique. According to ICH Guidelines, validating 

an HPLC technique include testing for system 

appropriateness as well as accuracy, precision, 

specificity, linearity, range and limit of detection, 

limit of quantification, robustness, and other 

performance character. 

 

I. Introduction: 

Partition chromatography introduction 

1.Liquid-liquid chromatography and 

2.bonded phase chromatography and 

With liquid-liquid or bonded-phase, the stationary 

phase is chemically bound to the support surfaces 

while with liquid-liquid, the stationary phase is 

physically held on the surface of the packing. 

Due to several drawbacks of liquid-liquid systems, 

bonded-phase partition chromatography has replaced 

the liquid-liquid type of partition chromatography in 

recent years. Additionally, stationary-phase 

solubility issues prevent the use of liquid-phase 

packings for gradient elution. 

Additionally, stationary-phase solubility issues 

prevent the use of liquid-phase packings for gradient 

elution. 

 

 

-classified HPLC BASED ON SEPERATION 

MODE 

1. Normal phase chromatography, where the mobile 

face is non-polar and the stationary phase is polar 

(hydrophilic) (hydrophobic). 

2. Reverse phase chromatography, in which the 

mobile face is polar and the stationary phase is non-

polar (hydrophobic) (hydrophilic). 

Polar-Non Polar bonds have a lower affinity than 

Non Polar-Non Polar bonds and Polar-Polar bonds. 

Since medications are typically hydrophilic, reverse 

phase chromatography is more widely utilised. 

 

II. BASED ON THE SEPERATION 

PRINCIPLE 
1.Absorption chromatography 

2.Ion exchange chromatography 

3.Ion-pair chromatography,  

Ions in solution can be "paired" or neutralised and 

separated as an ion pair on a reversed-phase column 

in this type of chromatography. 

• In order for the ion pair to be retained on a reversed-

phase column, ion-pairing agents are typically ionic 

compounds that contain a hydrocarbon chain that 

imparts a specific hydrophobacity. 

4. chromatography using gel permeation 

There is no desirable interaction between the 

stationary phase and solute in this kind of 

chromatography. A porous gel that separates the 

molecules based on size is passed through the liquid 

or gaseous phase. 

6.Chiral chromatography: 

Stereoisomers must be divided in order to do this. 

Enantiomers, on the other hand, are only their three-

dimensional mirror counterparts and do not differ 

chemically or physically from one another. They 

cannot be separated by conventional chromatography 

or other separation techniques. Either the mobile 

phase or the stationary phase must be rendered chiral, 

resulting in different affinities between the analytes, 

in order for chiral separations to occur. 
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III. Based on elution technology. 

1.Isocratic elution, first a method of separation using 

a single solvent or a solvent mixture with a fixed 

composition. 

2. Gradient elution: In this case, two or more solvent 

systems are used, each of which has a very different 

polarity. The ratio of the solvents is designed to 

change after elution has started, sometimes 

continuously and other times in a series of phases. 

 

HPLC Method Devlopment: 

When there are no official techniques available, 

HPLC methods are created for new items. A different 

approach for current (non-pharmacopoeial) products 

is to cut costs and time for improved precision and 

robustness. Comparative laboratory data with 

advantages and demerits are made available when an 

alternative approach is suggested to replace the 

current procedure. The basic objective of the HPLC 

method is to attempt to isolate and quantify the 

primary active substance, any reactive contaminants, 

all readily available synthetic intermediaries, and any 

degradants. 

The steps in developing a method include 

1.Knowing the Physicochemical characteristics of 

the drug's molecule. 

2.The choice of chromatographic parameters. 

3.Creating an analytical strategy. 

4.Sample prepping. 

5.Method improvement. 

6.Validation of procedures: 

1.Gaining knowledge of the physical characteristics 

of medicinal compounds 

The physicochemical characteristics of a drug's 

molecule are crucial for developing procedures. One 

must research the physical characteristics of the drug 

molecule, such as its solubility, polarity, pKa, and 

pH, in order to build a method. A compound's 

physical characteristic of polarity. An analyst can use 

it to choose the mobile phase's solvent and chemical 

makeup. 6 The polarity of the molecules can be used 

to explain their solubility. Solvents that are nonpolar, 

like benzene, and polar, like water, do not combine. 

Like generally dissolves like, which means that 

substances with comparable polarities can be 

dissolved in one another. The choice of diluents 

depends on how soluble the analyte is. The pH value 

is often used to determine whether a substance is 

acidic or basic.In HPLC, choosing the right pH for 

ionizable analytes frequently produces symmetrical 

and acute peaks. 

2.choosing the right chromatographic conditions 

To get the first "scouting" chromatograms of the 

sample, a set of basic settings (detector, column, 

mobile phase) are chosen during initial technique 

development. On reversed-phase separations on a 

C18 column with UV detection, they are typically 

based. At this point, a choice should be taken 

regarding whether to develop an isocratic or a 

gradient methodology. 

3.choose a column: 

Of course, the first and most important component of 

a chromatograph is a column. An accurate and 

trustworthy analysis can be produced by a good 

chromatographic separation from a well chosen 

column. An improperly used column can frequently 

result in confusion, insufficient separations, and 

complex or inaccurate findings. The stationary phase 

chemistry, retention capability, particle size, and 

column dimensions must all be taken into account 

when selecting the optimum column for an 

application. Hardware, a matrix, and a stationary 

phase make up the three primary parts of an HPLC 

column. The stationary phase can be supported by a 

variety of matrices, including silica, polymers, 

alumina, and zirconium. The most typical matrix for 

HPLC columns is silica. The sphere sizes of silica 

matrices are uniform, they can be easily derivatized, 

and they don't typically compress under pressure. 

In low pH environments and with the majority of 

organic solvents, silica is chemically stable. A silica 

solid support has the drawback of dissolving above 

pH 7. Silica-supported columns have been created 

recently for application at high pH levels. The silica 

support's composition, shape, and particle size affect 

separation. A smaller particle produces more 

theoretical plates, or an increase. Whether a column 

can be used for normal phase or reverse phase 

chromatography depends on the characteristics of the 

stationary phase. An polar stationary phase and a 

non-polar mobile phase are used in normal phase 

chromatography. In general, polar molecules elute 

more slowly than non-polar ones. The following is a 

list of common reverse phase columns and their 

applications. Ion-pairing chromatography can be 

used to separate large molecules such peptides with 

hydrophobic residues and other large molecules 

using the propyl (C3), butyl (C4), and pentyl (C5) 

phases. Comparing C3-C5 phases to C8 or C18 

phases, non-polar solutes are often retained less well 

by C3-C5 columns. Zorbax SB-C3, YMC-Pack C4, 

and Lunna C5 are a few examples. 

3.Chromatographic modes 

Chromatographic modes are chosen based on the 

polarity and molecular weight of the analyte. 

Reversed-phase chromatography (RPC), the most 

typical method for tiny organic compounds, will be 

the main topic of all case studies. Ion-pairing reagents 
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or buffered mobile phases, which retain the analytes 

in a non-ionized state, are frequently used in RPC to 

separate ionizable chemicals (acids and bases).  

4.Phase optimization for mobile: 

Buffer Choice: The system appropriateness 

parameters and overall chromatographic 

performance of various buffers, including potassium 

phosphate, sodium phosphate, and acetate, were 

assessed. 

Impact of pH. If analytes can be ionised, the correct 

mobilephase pH must be selected based on the 

analyte's pKa so that the target analyte is in one 

predominant ionisation state, either ionised or 

neutral. 

Impact of organic modifier: -Choosing an organic 

modifier type in reverse phase HPLC is quite 

straightforward. Acetonitrile and methanol are often 

the options (rarely THF). Gradient elution is typically 

used with complicated multicomponent samples 

since it may not be viable to elute all components 

using a single solvent strength under isocratic 

conditions between k (retention factor) 1 and 10. 

6.choosing a wavelength and detector: 

Following chromatographic separation, the desired 

analyte is identified using the appropriate detectors. 

Commercial detectors that are utilised in LC include 

mass spectrometry (MS) detectors, UV detectors, 

fluorescence detectors, electrochemical detectors, 

and detectors that measure refractive index (RI). The 

sample and the goal of the analysis influence the 

detector selection. 

7. Creating the analytical strategy: 

The first stage in developing an RP-HPLC analytical 

method is to choose the various chromatographic 

parameters, such as the mobile phase, the column, the 

flow rate of the mobile phase, and the mobile phase's 

pH. These parameters are all chosen through testing, 

and the system suitability parameters are taken into 

account after that. Retention time should be greater 

than 5 minutes, theoretical plates should be greater 

than 2000, the tailing factor should be less than 2, 

resolution between 2 peaks should be greater than 5, 

and the R.S.D. of the area of analyte peaks in standard 

chromatograms should not be greater than 2.0%, 

among other parameters that indicate a system is 

suitable.  

8.Sample creation: 

The analyst must look at the sample creation phase of 

method development. For instance, if the sample 

contains insoluble components, the analyst should 

determine whether centrifugation (choosing the best 

rpm and time), shaking, and/or filtration of the 

sample are necessary. The goal is to show that 

leachable adsorption and/or extraction are not 

impacted by sample filtration on the analytical 

outcome. Syringe filters' efficiency is largely 

dependent on its capacity to filter out impurities and 

insoluble substances without introducing unwanted 

artefacts (i.e., extractables) into the filtrate. The 

specific analytical method used to prepare an actual 

in-process sample or a dosage form for subsequent 

HPLC analysis should adequately represent the 

sample preparation process. 

Analytical Method Devlopment: 

A new analytical method is being developed for the 

analysis of novel products when there are no 

established methods available. Novel approaches are 

developed to examine the existing pharmacopoeial or 

non-pharmacopoeial products in order to save time 

and money while improving precision and 

robustness. Trial runs are used to refine and validate 

these procedures. With all available benefits and 

drawbacks, alternative techniques are suggested and 

used to replace the current procedure in the 

comparative laboratory data. 

1. The goal of developing analytical techniques. 

The identification, classification, and determination 

of pharmaceuticals in combinations such dosage 

forms and biological fluids are revealed by drug 

analysis. The primary goal of analytical methods 

used in the manufacturing process and drug 

development is to provide information about potency 

(which can be directly related to the need for a known 

dose), impurity (related to the safety profile of the 

drug), bioavailability (which includes important drug 

characteristics like crystal form, drug uniformity, and 

drug release), stability (which indicates the 

degradation products), and effect of manufacturing 

parameters to ensure that the product is as safe as 

possible. By a series of steps meant to prevent and 

eliminate faults at various production stages, the 

concept of quality control aims to evaluate and 

identify a real and proper product. 

2. The method's development process 

The right documentation is followed by the 

development procedure. These experiments' data 

must all be documented, either in a lab notebook or 

an electronic database. 

3. Examine normative characterization 

a) All pertinent information is gathered about the 

analyte's structure and known physicochemical 

characteristics, such as its solubility and optical 

isomerism. 

c) The pure standard analyte is obtained. Making the 

necessary arrangements will result in the ideal 

storage (refrigerator, desiccators, and freezer). 

c) When analysing several components in the sample 

matrix, the number of components is noted properly 
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while presenting the data and an estimate of the 

standards' accessibility is made. 

d) When matched with sample stability, methods 

such as spectroscopic, HPLC, GC, MS, etc., are taken 

into consideration. 

4. Method specifications 

The specifications for the analytical method, 

including linearity, selectivity, range, accuracy, 

precision, detection limits, etc., must be determined 

in order to generate the analytical figures of merit. 

5. Literature review and earlier techniques 

It is very convenient to search Chemical Abstracts 

Service automated computerised literature. All the 

information in the literature related to the drug is 

reviewed for physico-chemical properties, synthesis, 

solubility, and appropriate analytical methods with 

reference to relevant books, journals, USP/NF, 

AOAC, and ASTM publications. 

6. Choose a strategy 

a) Methodology is developed properly using the 

material from the literature, changing the procedures 

as necessary. On sometimes, it's essential to 

getpurchase extra equipment to create, alter, or 

replicate existing processes for analytes and samples. 

b) If the analyte being studied cannot be analysed 

using any previously successful methods. 

7. Instrumentation and preliminary research 

By setting up the proper instruments, the installation, 

operational, and performance certification of the 

apparatus with reference to laboratory standard 

operating procedures is confirmed. 

8. Improvement 

Prior to using the trial-and-error method, a set of 

situations are isolated and one parameter is altered at 

a time while undertaking optimization. The 

aforementioned task must be completed based on a 

rigorous, systematic plan that is followed exactly, 

with any dead ends being noted and documented. 

9. The documentation of analytically significant 

figures 

The actual determined analytical figures of merit, 

such as the limits of quantitation and detection, 

linearity, analysis time, cost, sample preparation, etc., 

are also documented. 

10. Using real samples to evaluate the development 

process 

The sample solution should result in a clear, 

comprehensive identification of the drug's peak 

interest in isolation from all other matrix elements. 

11. Calculating the percentage of authentic samples 

that are recovered and demonstrating quantitative 

sample analysis 

Estimated percentage of spiked, authentic standard 

medication recovered in a sample matrix devoid of 

analyte. It must be demonstrated how to optimise 

recovery in terms of repeatability (average minus 

standard deviation) between samples. It is not 

necessary to achieve 100% recovery as long as the 

outcomes can be replicated. 

 

Method validation 

The process by which it is determined, by 

laboratory tests, that the performance characteristics 

of the procedure match the needs for its intended 

usage is known as validation of an analytical 

procedure. The planned and systematic gathering of 

validation data by the applicant to support analytical 

procedures is the first step in the techniques 

validation process for analytical processes. 

Validation is required for all analytical techniques 

intended for use with clinical material. Analytical 

methods are validated in accordance with ICH 

criteria. 

Validation of a method's components 

Typical analytical performance characteristics that 

may be evaluated during method validation include 

the following: 

1.System Suitability 

2. Accuracy 

3. Precision 

4. Repeatability 

5. Intermediate precision 

6. Linearity 

7. Detection limit 

8. Quantitation limit 

9. Specificity 

10. Range 

11. Robustness 

12. System suitability determination 

13. Forced degradation studies 

14. Solution stability studies 

System Appropriateness 

1.System applicability  

testing was initially thought by the pharmaceuticals 

business to determine whether a chromatographic 

system is being used regularly today in 

pharmaceutical labs where the quality of the results 

is paramount and appropriate for a precise analysis 

The following criteria were utilised in the system 

suitability tests (SST) report: 

1. Theoretical plate count or efficiency (N). 

2. Capacity element (K). 

3. Relative retention or separation  

4.Resolution (Rs). 

5. The tailing effect (T). 

6.Relative Standard Deviation,  (RSD) 
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2.Specificity 

The capacity to clearly evaluate the analyte in the 

presence of components that could be anticipated to 

be present is known as specificity. They frequently 

include degradants, matrix, and contaminants. 

Several supporting analytical procedures may make 

up for a single analytical procedure's lack of 

specificity (s). 

The following conclusions flow from this definition: 

To confirm the identity of an analyte, use 

identification. 

Purity tests: Verify that all analytical techniques, 

such as those for related compounds, heavy metals, 

residual solvents, etc., can accurately report the 

impurity content of an analyte. 

Assay: To deliver a precise result that enables a 

precise assessment of the content or potency of the 

analyte in a sample. 

3.Accuracy 

The degree of agreement between the value 

acknowledged as either a conventional true value or 

a recognised reference value and the value discovered 

is expressed as the analytical procedure's 

accuracy.This is known as trueness sometimes. 

4. Precision 

The degree of scatter between a set of measurements 

obtained from multiple sampling of the same 

homogenous sample under the specified conditions is 

expressed as the precision of an analytical method. 

There are three types of accuracy: intermediate 

precision, reproducibility, and repeatability. Using 

uniform, real-world samples is the best way to study 

precision. If a homogeneous sample cannot be 

obtained, artificially generated samples or a sample 

solution may be used for the investigation. 

1.Repeatability 

Repeatability describes the accuracy over a brief 

period of time while using the same operating 

conditions. Another name for repeatability is intra-

assay precision. 

2.Intermediate accuracy 

Variations within laboratories are expressed by 

intermediate precision, including various days, 

analysts, equipment, etc. 

3.Reproducibility 

Reproducibility (collaborative studies, typically used 

to standardise methodology) expresses the accuracy 

between laboratories. 

 

5.DECOVERY LIMIT 

The lowest amount of analyte in a sample that can be 

detected but not necessarily quantitated as an 

accurate value is the detection limit of a specific 

analytical process. 

6. A MAXIMUM AMOUNT 

The lowest amount of analyte in a sample that can be 

quantitatively measured with enough precision and 

accuracy is the quantitation limit of a specific 

analytical process. In quantitative assays for low 

concentrations of chemicals in sample matrices, the 

quantitation limit is a parameter that is particularly 

useful for identifying contaminants and/or 

degradation products. 

7.LINEARITY 

The capacity of an analytical process to produce test 

results that are directly proportional to the 

concentration (quantity) of analyte in the sample is 

known as linearity. 

8. RANGE 

The interval between the higher and lower 

concentration (amounts) of analyte in the sample 

(containing these concentrations) for which it has 

been shown that the analytical technique has a 

sufficient level of precision, accuracy, and linearity is 

the range of an analytical procedure. 

9. RUBRICITY 

An analytical procedure's robustness, which 

measures its ability to be unaffected by little but 

intentional changes in method parameters, gives a 

clue as to how reliable it will be in typical conditions. 

 

Studies on solution stability 

The stability of standards and samples is established 

during validation under typical conditions, during 

regular storage conditions, and occasionally inside 

the instrument to ascertain whether extra storage 

conditions, such as refrigeration or light protection, 

are required. 

Techniques for HPLC Derivatization 

Why do we derivatize? 

1.Increase analyte resolution 

2. analyte peak shape, 

3. analyte sensitivity, 

4. establish analyte identification, 

5. improve analyte stability during analysis, 

 6.alter the physical properties of analysis. 

 

IV. Conclusion: 
Pharmaceutical analysis has paid a lot of 

attention lately to the development of analytical 

methods for drug identification, purity assessment, 

and quantification. 

The development and validation of HPLC 

methods are generally covered in this article. The 

creation of an HPLC method for the separation of 

substances was presented using a general and 

extremely straightforward methodology. Prior to the 

development of any HPLC process, understanding 
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the primary compound's physiochemical 

characteristics is crucial. The choice of buffer and 

mobile phase (organic and pH) composition has a 

significant impact on separation selectivity. The 

gradient slope, temperature, flow rate, type, and 

concentration of mobile-phase modifiers can all be 

altered for the final optimization. The optimised 

approach is verified according to ICH criteria, with 

numerous parameters (such as specificity, precision, 

accuracy, detection limit, linearity, etc.). 

 

Abbreviations 

1.High performance liquid chromatography, or 

HPLC 

2.ICH stands for the International Conference on 

Harmonization. 

3.Inside Diameter or Id 

4.Liquid chromatography (LC) 

5.LOD, or limit of detection 

6.Limit of Quantitation (LOQ) 

7.mm - Milimeter 

8.m - meter 

9.MS stands for mass spectrometry. 

10.Octyldecylsilane, or ODS 

11.Refractive index, or RI 

12.USP- United States Tetrahydrofuran Micron 

Pharmacopeia. 
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