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ABSTRACT 

One kind of column chromatography that is often used in biochemistry and analysis to separate, identify, and 

quantify active compounds is called High-Performance Liquid Chromatography (HPLC). The most popular 

separation technology for drug detection, separation, and quantification is HPLC. In addition to a number of 

other human and animal studies, the development and validation of HPLC techniques are essential to the 

discovery, development, and production of new drugs. The several steps needed in creating and approving an 

HPLC method are covered in this overview. The chemical structure of the molecules, the synthetic pathway, 

solubility, polarity, pH and pka values, and the activity of functional groups are some of the parameters that 

affect the development of an HPLC technology. Range, precision, linearity, specificity, detection limit, 

quantification limit . According to the ICH Guidelines, the validation of an HPLC process includes testing for 

robustness and system appropriateness. 
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INTRODUCTION (1,2,3) 

  

A particular type of column chromatography called high-performance liquid chromatography (also known as 

high pressure liquid chromatography, or HPLC) is typically employed in biochemistry and analysis to separate, 

identify, and quantify the active chemicals. The primary components of HPLC are a column that contains the 

stationary phase (packing material), a pump that circulates the mobile phase or phases through the column, and 

a detector that displays the molecular retention periods. The interactions between the stationary phase, the 

molecules under study, and the solvent or solvents employed all affect retention time.(1) One of the 

contemporary chromatography systems that is often employed in the domains of industrial quality control, 

biochemical research, and clinical research is HPLC. The detection, analysis, determination, quantification, 

and derivation of molecules from mixtures of biological, plant, and medicinal significance are among the uses 

of HPLC. In essence, high performance liquid chromatography is a much better version of column 

chromatography. The solvent is externally driven through a column at high pressures of up to 400 atm rather 

than being allowed to trickle through it using only gravity. This greatly speeds up the chromatographic 

process.(2)By identifying the presence or absence of specific components, a qualitative analysis provides 

information on the sample's characteristics.(3)The sample's conventional and physicochemical characteristics 
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are used in a non instrumental study. The instrumental methods of analysis focus on measurements to determine 

the substance's chemical composition and certain physical properties using equipment. In order to guarantee 

the quality and quantity of raw and finished materials, analytical techniques created using advanced 

instruments such as spectrophotometers, HPLC, GC, and HPTLC have a wide range of applications. (3) 

 

Characteristics  HPLC UPLC 

Particle size 3 to 5µm  Less than 2µm (1.7μm)  

Maximum backpressure 300-400 bars  1000 bars  

Analytical column C18  UPLC BEH C18  

Column dimensions 150 X 3.2 mm  50 X 2.1 mm  

Injection volume 5µL 2µL 

Column temperature 30 ° C  65 °C  

Total run time 10 minutes  1.5 minutes  

USP resolution 3.2  3.4  

Plate count 2000  7500  

Flow rate 3.0 ml/min  0.6ml/min  

Pressure Up to 6000 psi  Up to 20000 psi  

Table 1: Difference between HPLC and UPLC 

Principles of method development in HPLC (2) 

Understanding the fundamentals of HPLC method development requires knowledge of the technique's physical 

and chemical parameters, elution procedures, and detector selection for analyte detection. We will go over the 

aforementioned ideas in this review post and offer the best changes for HPLC method development.  

 

Parameters(2) 

1. The size of the particles  

2. Size of Pore 

3. The pressure of the pump  

4. Selectivity of Solvents 
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Methods Development and Validation (4) 

 

Steps involve in method development are:  

1. Qualified and calibrated instrument  

2. Documented methods  

3. Reliable reference standards  

4. Qualified analysts  

5. Sample selection and integrity  

6. The analysis should take a minimal time and should be economical.  

7. The accuracy of the analysis must accept the guidelines of Pharmacopoeia.  

8. The chosen method should be precise and selective.  

9. Set up HPLC conditions.  

10. Preparation of sample solution for method development.  

11. Method optimization.  

 

 

Fig:1 Steps involved in HPLC Method Development and Validation  
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Figure-2: Flow Diagram of HPLC (4) 

TYPES OF HPLC (1) 

1. Normal phase chromatography 

2. Reversed phase chromatography 

3. Size exclusion chromatography 

4. Ion exchange chromatography 

5. Bio-affinity chromatography 

 

 

 
Table 2  (5) 

 

 

1.Normal phase chromatography(6) 

Analytes are separated based on polarity using this method, which is also referred to as Normal phase HPLC 

(NP-HPLC). NP-HPLC uses both a polar stationary phase and a non-polar mobile phase. The polar analyte 

was interacted with and held in place by the polar stationary phase. Stronger adsorption forces are produced 

by more polar analyte, and the elution duration is prolonged by the interaction of the polar analyte with the 

polar stationary phase.  

In NP-HPLC, the mobile phase is non-polar, but the stationary phase is polar. The polar stationary phase will 

retain analytes that are significantly more polar in a combination of components to be separated for a longer 

period of time than those that are comparatively less polar. As a result, the least polar component will elute 

first. Hydrogen bonding and dipole-dipole interactions are the main attracting factors.  
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2.Reversed phase chromatography (2) 

The column size is the same in the reverse phase, but silica is altered and rendered non-polar by the attachment 

of lengthy hydrocarbon chains, usually containing eight to eighteen carbon atoms. A mixture of water and an 

alcohol, such methanol, is an example of a polar solvent.Polar molecules in the mixture being transported 

through the column will be strongly attracted to the polar solvent. The polar molecules in the solution won't be 

as attracted to the hydrocarbon chains that are affixed to the silica (the stationary phase). As a result, the 

mixture's polar molecules will spend the majority of their time traveling with the solvent.  

   

3.Size exclusion chromatography(6) 

SEC is a kind of chromatography that mainly uses size to separate particles. It is sometimes referred to as gel 

permeation chromatography or gel filtration chromatography. Determining the quaternary and tertiary 

structures of proteins and amino acids is aided by it. This method can be used to find the molecular weight of 

polysaccharides.  

SEC, sometimes referred to as gel permeation chromatography or gel filtration chromatography, is primarily 

used to separate particles according to size. After the sample has been simply screened or filtered, material 

with precisely controlled pore sizes is placed into the column. While smaller molecules enter the pores of the 

packing particles and elute later, larger molecules move through the column more quickly. Finding the 

molecular weight of polysaccharides is a common application for this technique.  

 

4.Ion exchange chromatography(1) 

The attraction between solute ions and charged sites attached to the stationary phase is the basis for retention 

in ionexchange chromatography. The same charge ions are not included. High-pH anion-exchange 

chromatography of carbohydrates and oligosaccharides, ligand-exchange chromatography, ion-exchange 

chromatography of proteins, and water purification are all common applications for this type of 

chromatography.  

 

5.Bio-affinity chromatography(1) 

Separation based on a particular, reversible protein-ligand interaction. On a bio-affinity matrix, ligands are 

covalently bonded to solid support, retaining proteins that interact with the column-bound ligands.There are 

two methods for eluting proteins attached to a bioaffinity column:  

By adding a free ligand to the elution solution, which competes with the column-bound ligand, biospecific 

elution is achieved.  

• A particular elution: a change in salt, pH, etc. that reduces the strength of the protein's interaction with the 

column-bound substrate.  

Bioaffinity chromatography can produce extremely high purity in a single stage (10–1000-fold) due to the 

interaction's selectivity.  

Selection of detectors (7) 

  

An extremely crucial component of HPLC is the detector. The choice of detector is influenced by the chemical 

composition of the studies, possible interference, the necessary detection limit, and the detector's availability 

and/or cost. For HPLC, a UVvisible detector is a flexible dual wavelength absorbance detector. The high 

sensitivity needed for routine UV-based applications to quantitative analysis and low-level impurity 

identification is provided by this detector. PDA stands for photodiode array. Advanced optical detection for 

Waters analytical HPLC, preparative HPLC, or LC/MS system solutions is provided by the detector. 

 The multi-wavelength fluorescence detector provides high sensitivity and selectivity fluorescence detection 

for quantifying low concentrations of target compounds. Its integrated software and optics innovations lead to 
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high chromatographic and spectral sensitivity, stability, and reproducibility, as well as refractive index 

chromatographic and spectral sensitivity. 

 

 

 
Table 3 : Types Of detector(7) 

 

 

 

Components of method validation(3,7,8,9,10) 

1. Accuracy  

  

2. Precision  

  

3. Linearity  

  

4. Detection limit  

  

5. Quantitation limit  

  

6. Specificity  

  

7. Range  

  

8. Robustness  
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1. Accuracy 

The degree to which the assessed value resembles the authorized or actual price is known as accuracy. The 

difference between the observed mean value and accuracy is known as accuracy. It is computed by applying 

the technique to samples that have been treated with known analyte concentrations. These can be contrasted 

with blank and standard solutions to verify that there is no participation. The percentage of the analyte 

recovered by the test is then used to calculate the specificity based on the test findings. Recovery via an assay 

of known, additional amounts of analyte is another way to describe it. 

 

2. Precision 

It indicates how closely a set of measurements taken from multiple samplings of the same homogenous sample 

under certain conditions coincide (the degree of scatter). The reproducibility of the entire analytical process is 

gauged by precision. It is composed of two parts: intermediate precision and repeatability. The fluctuation that 

a single analyst experiences on a single instrument is known as repeatability. It does not differentiate between 

variance resulting from the sample preparation procedure and variation resulting from the instrument or system 

alone. Analyzing several replicates of an assay composite sample using the analytical approach ensures 

repeatability throughout validation. It computes the recovery value. Variability within a laboratory, such as by 

various analysts, on different days, and with different tools, is known as intermediate precision.  

 

 

3. linearity 

The capacity of an analytical process to produce a response that is exactly proportionate to the analyte 

concentration (amount) in the sample is known as linearity. The test results are directly or through a precise 

mathematical transformation proportionate to the analyte concentration in samples within a specified range if 

the procedure is linear. The confidence interval surrounding the regression line's slope is typically used to 

express linearity.  

 

4. Detection Limit 

The lowest concentration of analyte in a sample that can be recognized but is typically not defined as an 

absolute utility is known as the detection limit (DL) or detection limit (LOD) of a certain process. The signal-

to-noise (S/N) ratio (3:1), which is commonly represented as the amount of the analyte in test, may have an 

impact on the LOD in analytical techniques that display baseline noise.  

The signal-to-noise ratio is determined by:  

s = H/h Where,  

H = height of  

the peak corresponding to then component.  

h = absolute value of the largest noise fluctuation from the baseline of the chromatogram of a blank solution. 

 

5. Quantitation limit  

The ICH reporting restrictions are connected to the preferred technique LOQ. To guarantee that the findings 

are accurate to one decimal place, the technique LOQ should be 0.05% or below if the related ICH reporting 

limit is 0.1%. However, in typical practice, it is not very useful to build a method with a LOQ considerably 

lower than this level because the accuracy and precision of the approach are impaired when it is very 

sensitive.  

6. Specificity  

The capacity to definitively evaluate the analyte in the presence of potentially predicted components is known 

as specificity. Usually, these could contain matrix, degradants, contaminants, etc. Other supporting analytical 

procedures may make up for an individual analytical procedure's lack of specificity. The consequences of this 

definition are as follows: Identification: to confirm an analyte's identity. Purity tests are used to make sure that 

all analytical techniques, such as those involving related chemicals, heavy metals, residual solvents, etc., 

provide an accurate description of an analyte's impurity concentration. Assay (potency or content): to give a 
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precise result that enables a precise declaration on the analyte's potency or content in a sample.  

 

7. Range 

The range of the analytical technique is the range of the analyte concentrations (amounts) in the sample, 

including the upper and lower concentrations, for which the analytical procedure has been shown to have an 

adequate degree of linearity, precision, and accuracy. The range of an analytical method is the range between 

the sample's upper and lower analyte concentrations (including these values) for which it has been shown that 

the analytical process has an adequate degree of linearity, precision, and accuracy. The range is often 

determined via linearity experiments and is contingent upon the procedure's intended use. The minimal ranges 

listed below must to be taken into account. 

 

8. Robustness 

An analytical procedure's robustness indicates its ability to withstand minor but intentional changes in method 

parameters and shows how reliable it is under typical operating conditions. It is assessed in part while the 

method is being developed. Finding the crucial operational parameters for the method's successful use is the 

goal of the robustness study. The method documentation should contain a precautionary statement and 

sufficient control over these parameters. Method parameters such as pH, flow rate, column temperature, and 

mobile phase composition are adjusted within a suitable range in an HPLC method's robustness research. To 

determine which parameter has the biggest impact on the approach, the system suitability parameters acquired 

for each circumstance are examined.  

Other parameters that are assessed as extra parameters during a robustness study include the stability of the 

analytical solution and the extraction duration. Analytical solution stability is assessed by evaluating the 

outcomes of exposing the solution to the method parameters for extended periods of time, such as four, twelve, 

twenty-four, forty-eight, etc. The relative difference between the initial value and the value at the designated 

solution stability time serves as the basis for the acceptance criterion. The difference should be less than 2.0 

percent for drug substances and products and less than 10 percent for impurity determination.  

Filtration during sample preparation allows for the execution of a filter paper investigation. Analyzing it entails 

passing the sample solution through various kinds of filter paper.  

 
Fig 4 : High Performance Liquid Chromatography 

Applications:(6,11,12) 

Chemical separation :  

Since different compounds migrate at different rates depending on the column and mobile phase utilized, the 

choice of stationary phase and mobile phase has a significant impact on the extent or degree of separation.  
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Purification:  

Purification is the process of extracting the target chemical from a mixture of contaminants or compounds. 

Under particular chromatographic conditions, each material showed a characteristic peak.  

To ensure that only the pure desired compound can be collected or extracted, the contaminants and 

compounds must travel through the column in sufficiently distinct ways.  

 

Identification:  

HPLC is typically utilized for compound assays. The known sample's peak on the chromatograph should be 

clearly visible due to the assay's settings. The identifying peak should have a reasonable retention time and be 

easily separated from unrelated peaks at the detection levels where the test will be conducted. 

  

 

Other applications:  

There are numerous uses for the HPLC in the domains of pharmacy, forensics, the environment, and clinical.  

 

Forced Degradation Studies in Stability-Indicating Method Development(8) 

 A stability indication method needs to be able to track changes in the drug product's chemical, physical, and 

microbiological characteristics over time.  

A forced deterioration (stress testing) examination of the drug substance and drug product is always required 

in order to monitor changes in the drug's chemical characteristics over time.  
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Table 4  

Stability Testing : [13,14,15,16] 

Pharmaceutical stability testing is a complicated process that requires a significant investment of time, money, 

and scientific knowledge to ensure that a drug formulation is safe, effective, and of high quality. Understanding 

the drug development process and the numerous activities and milestones that are essential to a thorough 

development plan is the only way to guarantee the scientific and financial success of a pharmaceutical product. 

Stability studies and pharmacological analysis are the most crucial phases in the development process. 

 

Importance Of Stability Testing:- 

Concern for the health of the patient afflicted by the illness for which the medicine is intended is the main 

driver behind stability testing. In addition to the unstable substance degrading into toxic breakdown products, 

a loss of activity up to 85% of what is stated on the label could result in therapy failure and death, as in the 

case of nitroglycerine tablets used to treat angina and cardiac arrest.  

Due to this worry, it is now legally required to give regulatory bodies data for specific stability testing before 

a new product is approved. Assuring that the product will remain fit for use in terms of all functionally relevant 

features throughout the duration that it is on the market is the second crucial concern in order to safeguard the 

manufacturer's reputation. 

 Additional advantages of stability studies during the product's development or marketing phase include the 

provision of a database that could be useful in choosing suitable formulations, excipients, and container closure 

systems for the creation of a new product, figuring out the product's shelf life and storage conditions, preparing 

the registration dossier, verifying the claimed shelf life for the registration dossier, and confirming that no 

modifications have been made to the manufacturing or formulation process that could compromise the 

product's stability. 
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GUIDELINES FOR STABILITY TESTING [17,18] 

To guarantee that patients receive optimally stable molecules and products through production, distribution, 

and administration, regulatory agencies in certain countries have incorporated provisions in their drug laws 

requiring producers to submit stability data. Standardizing testing practices among manufacturers was its 

primary objective. Fundamental stability-related issues, the stability data specifications for application 

dossiers, and the protocols for implementing them are all included in these guidelines. The 1980s saw the initial 

publication of these regulations. 

Q1A (R2): 

Verifying the stability of new pharmaceutical components and goods These guidelines require that the 

registration application contain information regarding unique molecular entities and related medicinal 

products. Stability testing is used to provide evidence of how different environmental factors, such as 

temperature, impact the quality of medication ingredients or therapeutic products over time.  

light, humidity, and to estimate the shelf life of a medicine product or therapeutic ingredient and recommend 

storage settings. 

 

Q1B:  

Examining new products and medications for photostability In accordance with the ICH Harmonized tripartite 

guideline on innovative drug substances and stability testing for products (also known as the parent guidelines), 

light testing must be a core component of stress testing. 

 

 

Q1C:  

Testing for stability of new dosage forms These guidelines address the stability of new dosage forms, which 

were proposed by the original applicant after the initial application for innovative pharmacological substances 

and products. 

 

Q1D: 

 Bracket and matrixing design This guideline recommends the use of matrixing and bracketing instability 

research. This guideline recommends the use of bracketing and matrixing instability research. Testing 

specimens only up to the most extreme configuration characteristics, like strength, container capacity, or full 

design fullness, is known as bracketing and is a method used to create a stability schedule. Furthermore, the 

structure makes the assumption that any intermediate level of stability is equivalent to the stability of the test 

endpoints. 

 

Q1E:  

Examining evidence on stability When recommending a re-evaluation period for the drug substance or drug 

product shelf life that surpasses the duration covered by "long-term storage conditions information accessible 

from the stability research," this guideline outlines the appropriate time and method to do so. The performance 

and design of official stabilization research must be in line with the parent standards' principles. Developing 

recommendations for the retest, shelf life, and storage of all upcoming manufactured and packaged batches is 

the aim of the stability research. 

 

PROTOCOL FOR STABILITY TESTING: [19,20] 

Establishing a protocol, which is a written document detailing the fundamental components of a controlled and 

regulated stability research, is necessary before beginning stability testing. For instance, if the product is meant 

to be used in climatic zones I–III, IVa, and IVb, the stability program needs to include all of those regions. 

These regions should also be considered in the protocol. 
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Batches: 

The first three production batches are used for stability tests during the developmental stages, whereas two 

batches are allowed for stable and well-established products. However, studies intended for registration of new 

products or unstable established items are usually carried out on a single batch. If the initial data does not come 

from a full-scale production batch, the first three batches of drug products produced after approval should be 

put on long-term studies using the same protocol as in approved drug applications. 

 

Containers and closures: 

The product is tested with the recommended marketing containers and closures. Blister packs, aluminum strip 

packs, HDPE bottles, and Alu-Alu packs are some of the packaging materials. Shippers are not included in 

this, but secondary packets might be. Independent testing is required for products in all types of closures and 

containers, whether they are meant for distribution or as promotional samples for physicians. 

 

Orientation of storage of containers:  

Samples of solutions, dispersed systems, and semi-solid drug products used for stability testing must be kept 

upright and placed either on the side or inverted to guarantee the best possible contact between the product and 

the container cover. When the product components come into contact with the drug product or solvent, this 

orientation helps determine whether chemical compounds are adsorbed into the container-closure or removed 

from the closure components. 

 

Sampling Plan: 

The stability testing sampling plan includes planning how many samples will be charged to the stability 

chambers and selecting samples from the charged batch to cover the whole study. Setting up the sampling time 

points should come first, followed by figuring out how many samples need to be collected at each pull point 

to adequately assess all test parameters, and finally calculating the total samples. 

 

Conclusion 

Stability studies are essential for producing high-quality products. Stability tests must be carried out in 

compliance with the regulations, and the recommended storage conditions and shelf life must be included on 

the label in order to ensure that the drug is safe and effective for the duration of its shelf life. Because of this, 

the stability tests must be carried out using recognized scientific procedures, after taking into account the 

climate zone and the most recent legislative requirements.  
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