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ABSTRACT  

High-performance Liquid Chromatography, HPLC 

for short, is an essential tool that is used in all 

levels of drug discovery, development and 

production. Together with other technologies, 

HPLC remains one of the most distinguished tools 

of analytical chemistry today. The goal of this 

article is to describe the progress made with the 

development of HPLC methods for the routine 

analysis of formoterol fumarate and mometasone 

furoate in metered dose inhalers. O-Linked 

oligosaccharides microsomes including neutral 

sialylated and sulfated oligonucleotides were 

estimated. This method achieved the quantitative 

characterization of isomeric products for N-

acetylglucosamine-6Osulphotransferases-catalyzed 

in vitro reactions as well as the O-glycosylation 

profiling of serum IgA as a model glycoprotein. 

Validated HPLC-UV methods for lipoic acid 

measurement in human plasma can now use this 

method as an approach for HPLC. The first simple 

and sensitive procedure for the determination of 

clobetasol in rat plasma and its application to skin 

penetration was developed recently. The cleavage 

of the outlined isomers is performed primarily by 

means of chromatographic and electrophoretic 

processes. This process provides the means for 

obtaining biologically and pharmaceutically 

significant nonproteinogenic amino acid 

enantiomers and compounds related to them. 

 

I. INTRODUCTION 
The modern pharmaceutical industry, 

high-performance liquid chromatography (HPLC) 

is the major and integral analytical tool applied in 

all stages of drug discovery, development, and 

production
[1]

. High Performance Liquid 

Chromatography (HPLC) was derived from the 

classical column chromatography and, is one of the 

most important tools of analytical chemistry 

today
[2]

. HPLC is the method of choice for 

checking peak purity of new chemical entities, 

monitoring reaction changes is in synthetic 

procedures or scale up, evaluating new 

formulations and carrying out quality control / 

assurance of the final drug products
[3]

.HPLC is a 

modern form of LC that uses small-particle 

columns through which the mobile phase is 

pumped at high pressure
[4]

.HPLC is an analysis 

Method that yields high performances and high 

speed compared with traditional column 

Chromatography because of the forcibly pumped 

mobile phase 
[5]

. 

The name ‗high performance liquid 

chromatography originates from the late 1960s, 

when technology was developed to make both 

stationary phase column packings of very small 

particle size and sophisticated instruments which 

could generate the high pressures required for the 

flow of mobile phase through these packings.―High 

performance‘ was used to distinguish the new 

technique from previous liquid chromatographic 

procedures involving glass columns packed with 

larger particle size material
 [6]

. 

. HPLC is accomplished by injection of a 

small amount of liquid sample into a moving 

stream of Liquid (called the mobile phase) that 

passes through a column Packed with particles of 

the stationary phase. The separation of a mixture 

into its components depends on different degrees of 

retention of each component in the column. The 

extent to Which a component is retained in the 

column is determined by its partitioning between 

the liquid mobile phase and the stationary phase. In 

HPLC this partitioning is affected by the relative 

solute/stationary phase and solute/mobile Phase 

interactions. Thus, unlike GC, changes in mobile 

phase Composition can have an enormous impact 

on your separation. Since the compounds have 

different mobilities, they exit the Column at 

different times; i.e., they have different retention 

Times, tR. The retention time is the time between 

injection and detection. Thus, HPLC is most often 

used when one is Performing a target compound 

analysis, where one has a Good idea of the 

compounds present in a mixture so reference 

Standards can be used for determining retention 

times
[7]

. 
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The goal of the HPLC method is to try, 

separate, and quantify the main drug, any reaction 

impurities, all available synthetic Intermediates, 

and any degradants. High-Performance Liquid 

Chromatography is now one of the most powerful 

tools in Analytical chemistry. It has the ability to 

separate, identify, And quantify the compounds 

that are present in any sample That can be 

dissolved in a liquid. HPLC is the most accurate 

Analytical method widely used for the quantitative 

as well as Qualitative analysis of drug products and 

used for determining Drug product stability 
[8]

. 

 

 

 

Principal 

High-Performance Liquid 

Chromatography operates through the interaction 

of analytes between a liquid mobile phase and a 

solid stationary phase under high pressure 
[9]

. The 

separation mechanism relies on various molecular 

interactions, including hydrophobic interactions in 

reverse-phase  chromatography,  polar  interactions  

in  normal-phase  chromatography,  and  ionic  

interactions  in  ion-exchange chromatography 
[10]

. 

The efficiency of separation is governed by 

theoretical plates, resolution factors, and capacity 

factors, which are influenced by operational 

parameters such as mobile phase composition, flow 

rate, and column characteristics 
[11]

. 

 
Operation 

The sample to be analyzed is injected in a 

small volume into the stream of the mobile phase. 

The motion of analyte through the column 

is slowed by specific chemical or physical 

interactions with the stationary phases as it 

traverses the length of the column. The amount he 

analyte is slowed depends on the nature of the 

analyte and on the compositions of the stationary 

and mobile phases. Time taken by a specific 

analyte to elute is called retention time; the 

retention time under particular conditions is 

considered a reasonably unique identifying 

characteristic of a given analyte. Smaller particle 

size column packing (which creates a higher back-

pressure) increases the linear velocity giving the 

components less time to diffuse  ithin the column, 

which leads to improved resolution in the resulting 

chromatogram. Commonly used solvents include 

any miscible combination of water or various 

organic liquids (most common being methanol and 

acetonitrile). Water may contain buffers or salts to 

help in separation of the analyte components or 

compounds such as trifluoroacetic acid which acts 

as an ion pairing agent. A further refinement to 

HPLC has been to change the mobile phase 

composition during the analysis. This is known as 

gradient elution. A general gradient for reversed 

phase chromatography might start at 5% methanol 

and progresses gradually to 50% methanol over 25 

minutes; the gradient chosen depends on the 

hydrophobicity of the analyte. The analyte mixtures 
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are separated as a function of the affinity of the 

analyte for the current mobile phase composition 

relative to the stationary phase. This process of 

portioning is similar to that which occurs during a 

liquid-liquid extraction but this is continuous and 

not step-wise. For example, when using a low 

water/ high methanol gradient, the more 

hydrophobic components will elute from the 

column due to a relatively hydrophobic mobile 

phase. The hydrophilic compounds will elute under 

conditions of relatively low methanol/high water. 

The choice of solvents, additives and gradient 

depend on the nature of the analyte and the 

stationary phase. Generally, a series of tests are 

performed on the analyte and a number of trial runs 

may be processed in order tofind the optimum 

HPLC method giving the best separation of peaks
 

[12]
. 

 

 

 
Fig 2: Overview Of HPLC 

 

Mobile Phase: 
Themobile phase in HPLC refers to the 

solvent being continuously applied to the column, 

or stationary phase. The mobile phase acts as a 

carrier for the sample solution. A sample solution is 

injected into the mobile phase of an assay through 

the injector port. As a sample solution flows 

through a column with the mobile phase, the 

components of that solution migrate according to 

the non-covalent interactions of the compound with 

the column
 [13]

.  
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Mobile phase/solvent reservoir  

 The reservoir that holds the mobile phase 

is often no more than a glass bottle. Often, the 

reagent bottle that holds our HPLC solvent can be 

used as a reservoir. Solvent is delivered from the 

reservoir to the pump by means of Teflon tubing -- 

called the "inlet line" to the pump. Some HPLC 

systems like the Agilent 1100 shown at the right 

have special compartments to hold one or more 

mobile phase reservoirs. The reservoirs in these 

systems may have additional features that allow the 

mobile phase to be degassed and isolated from 

contact with air
 [14]

. In HPLC the mobile phase or 

solvent is a mixture of polar and non-polar liquid 

components. Depending on the composition of the 

sample, the polar and non-polar solvents will be 

varied
 [15]. 

 

Pump 

 A pump can be compared to the human 

heart which continuously pumps blood throughout 

the body but through the human heart can 

withstand changes in blood pressure within a 

specified limit due to stress and strain the HPLC 

pump is required to deliver a flow of mobile phase 

at constant pressure and flow rate. Changes in both 

these parameters can lead to errors in the results. In 

simple language, the HPLC pump has to have 

ruggedness and at the same time should be able to 

provide reproducible flow characteristics run after 

run. The operational pressure limits have a vast 

range depending upon analysis requirements. In 

normal analytical operation the pressure can vary 

between 2000 – 5000 psi but in applications 

covered under UHPLC mode operating pressure 

can be as high as 15000 – 18000 psi. All HPLC 

systems include at least one pump to force the 

mobile phase through whose packing is fairly 

compact. The result of this is a pressure increase at 

the injector which can attain 20 000 kPa (200 bars) 

depending upon the flow rate imposed upon the 

mobile phase, its viscosity, and the size of the 

particles of the stationary phase. Pumps are 

designed in order to maintain a stable flow rate, 

avoiding pulsations even when the composition of 

the mobile phase varies. These flow rate metered 

pumps contain, in general, two pistons in series, 

working in opposition, to avoid interruptions to the 

flow rate
[16]

. 

A pump aspirates the mobile phase from 

the solvent reservoir and forces it through the 

system‘s column and detector. Depending on a 

number of factors including column dimensions, 

the particle size of the stationary phase, the flow 

rate and composition of the mobile phase, 

operating pressures of up to 42000 kPa (about 6000 

psi) can be generated. The role of the pump is to 

force a liquid (called the mobile phase) through the 

liquid chromatography at a specific flow rate, 

expressed in milliliters per min (mL/min). Normal 

flow rates in HPLC are in the 1-to 2-mL/min range. 

Typical pumps can reach pressures in the range of 

6000-9000 psi (400-to 600- bar). During the 

chromatographic experiment, a pump can deliver a 

constant mobile phase composition (isocratic) or an 

increasing mobile phase composition (gradient) 

variations in flow rates of the mobile phase affect 

the elution time of sample components and result in 

errors. Pumps provide a constant flow of mobile 

phase to the column under constant pressure
[17]

. 

 

Sample injector 
The injector can be a single injection or an 

automated injection system. An injector for an 

HPLC system should provide an injection of the 

liquid sample within the range of 0.1-100 mL of 

volume with high reproducibility and under high 

pressure (up to 4000 psi). The injector must also be 

able to withstand the high pressures of the liquid 

system. An autosampler is an automatic version for 

when the user has many samples to analyze or 

when the manual injection is not practical. Injectors 

are used to provide constant volume injection of 

samples into the mobile phase stream. Inertness 

and reproducibility of injection are necessary to 

maintain a high level of accuracy. In HPLC, the 

injection of a precise volume of sample onto the 

head of the column must be made as fast as 

possible in order to cause the minimum disturbance 

to the dynamic regime of the mobile phase whose 

flow must be stable from column to detector.
 [18]

. 

 

Columns 
 Columns are usually made of polished 

stainless steel, are between 50 and 300 mm long, 

and have an internal diameter of between 2 and 5 

mm. They are commonly filled with a stationary 

phase with a particle size of 3–10 μm. Columns 

with internal diameters of less than 2 mm are often 

referred to as microbore columns. Ideally, the 

temperature of the mobile phase and the column 

should be kept constant during an analysis. 

Considered the ―heart of the chromatograph‖ the 

column‘s stationary phase separates the sample 

components of interest using various physical and 

chemical parameters. The small particles inside the 

column are what causes the high back pressure at 

normal flow rates. The pump must push hard to 
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move the mobile phase through the column and this 

resistance causes a high pressure within the 

chromatograph
[19]

. 

It is a vital component and should be maintained 

properly as per supplier instructions for getting 

reproducibility separation efficiency run after run. 

The types of columns are
[20]

: 

 

  Reverse-Phase Columns: The most commonly 

used, these columns contain a non-polar stationary 

phase and separate compounds based on 

hydrophobic interactions.  

  Normal-Phase Columns: These columns use a 

polar stationary phase and are used to separate 

polar compounds.  

  Ion-Exchange Columns: These are used to 

separate charged molecules (ions) based on their 

charge.  

  Size-Exclusion Columns: These columns 

separate molecules based on size, commonly used 

for proteins or polymers. 

 

Detectors  

A detector in HPLC is placed at the end of 

the system. Its work is to analyse the solution 

which is eluting from the column. The 

concentration of individual component of the 

analyte is proportional to the electronic signal 

coming out of the component of the mixture
[21,22]

. 

 

 Electrical Conductivity HPLC Detectors
[23]

: 

Electrical Conductivity HPLC detectors 

are designed to detect all ions present, whether they 

come from the solute or the mobile phase. These 

detectors measure the conductivity of both the 

mobile phase and the solute, requiring appropriate 

electronic adjustments to account for interference 

from the mobile phase. The electronic resistance 

measured is directly proportional to the 

concentration of ions in the solution. 

 

 Refractive Index HPLC detectors
[24,25]

: 

Refractive Index Detectors (RID) are also 

considered bulk property detectors and function by 

detecting changes in the refractive index of the 

eluent from the column, in comparison to the pure 

mobile phase. Various types of refractive index 

detectors include the Christiansen effect detector, 

interferometer detector, thermal lens detector, and 

dielectric constant detector. These detectors are 

primarily used for detecting non-ionic compounds 

that do not fluoresce or absorb in the UV region. 

However, they have some limitations, including 

lower sensitivity, the need for temperature control, 

and reduced compatibility with gradient elution. 

 
 Electrochemical HPLC Detectors

[26,27]
:

 

Electrochemical HPLC detectors are 

named for their ability to measure the current 

generated during the oxidation or reduction of 

solutes. These detectors function as either 

amperemeters or coulometers in HPLC. They are 

divided into equilibrium and dynamic detectors, 

with their suitability depending on the volumetric 

properties of the solute molecules in either aqueous 

or organic mobile phases. These detectors are 

sensitive to variations in the flow rate or 

composition of the eluent and require a working 

electrode, reference electrode, and auxiliary 

electrode for proper operation. 

 

 Light Scattering HPLC Detectors
[28]

: 

 Light scattering HPLC detectors are 

useful for large molecular weight molecules like 

surfactants, lipids and sugar. It measures the 

scattered light coming out of the eluent. Low angle 

laser light scattering detector and the multiple angle 

laser light scattering detectors are the two types of 

Light scattering detectors available. They are also 

called as Evaporative light scattering detector 

because in this the beam of light by particles of 

compound remaining after evaporation of the 

mobile phase. The importance of such type of 

detector is growing with time because it acts as 

universal detector and does not require a compound 

to have a chromophore for detection. They can be 

used with gradient elution. 

 

 Ultraviolet/Visible Detectors
[29]

: 

Ultraviolet/Visible (UV/Vis) detectors are 

among the most commonly used HPLC detectors 

due to the fact that most compounds absorb in the 

UV or visible regions. They provide a specific 

response to either classes of compounds or 

individual compounds based on the functional 

groups of the eluting molecules. The principle 

behind optical detectors is the change in intensity 

when a beam of electromagnetic radiation passes 

through the detector flow cell. There are three main 

types of UV/Vis detectors: fixed wavelength 

detectors, variable wavelength detectors, and diode 

array detectors. 

 

 Diode Array Detectors
[30]

: 

In a diode array detector, the sample is 

exposed to light across all wavelengths generated 

by the lamp simultaneously. The emitted light is 
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collimated by an achromatic lens system, passes 

through the detector cell, and then onto a 

holographic grating. From there, the light falls onto 

a diode array consisting of hundreds of diodes. The 

chromatogram is generated using the UV 

wavelength corresponding to the particular diode at 

the end of the analysis. DAD allows for the 

observation of the analyte‘s response at various 

wavelengths in a single run, thus saving both time 

and energy. 

 

 Fluorescence HPLC Detectors
[31]

: 

 Fluorescent detectors are the most 

selective, sensitive and specific than all other 

HPLC detectors. Specific wavelength is used to 

excite and then emit light signal in analyte atoms. 

They intensity of light is monitored continuously to 

quantify the analyte concentration. Fluorescence is 

10-1000 times sensitive than UV detector for 

strong UV absorbing compounds. Even a single 

analyte in the cell can be detected by the 

fluorescence detector. For some compounds which 

do not have fluorescence absorbance or low 

absorbance, they can be treated with fluorescence 

derivatives such as dansylchloride. 

 

 Data collection devices /Recorder
[32]

: 

Signals from the detector may be collected 

on chart recorders or electronic integrators that 

vary in complexity and in their ability to process, 

store and re-process chromatographic data. The 

computer integrates the response of the detector to 

each component and places it into a chromatograph 

that is easy to read and interpret. Frequently called 

the data system, the computer not only controls all 

the modules of the HPLC instrument but it takes 

the signal from the detector and uses it to determine 

the time of elution (retention time) of the sample 

components (qualitative analysis) and the amount 

of sample (quantitative analysis) 

 

Applications of High Performance Liquid 

Chromatography 

o Pharmaceuticals
[33]

 

High-performance liquid chromatography 

(abbreviated as HPLC or simply LC) is a method of 

choice for assessment of a huge variety of samples 

in the pharmaceutical industries. It is used 

throughout the process of designing a new drug 

from assessing new formulations, scrutinizing 

purity of new chemical subsistence, auditing 

changes in synthetic procedures or extent up to 

bearing out quality control of the eventual drug 

product.  

Common applications in pharmaceutical analysis 

are:  

 To regulate drug stability. 

 Tablet dissolution application of pharmaceutical 

dosages form. 

 To control quality of Pharmaceuticals: HPLC is 

used to see whether the prepared and manufactured 

drugs or pharmaceutics are according to the 

standards laid down by the regulating bodies of 

drugs like pharmacopoeia and others. When 

particularly specified HPLC solvents and mobile 

phases are utilized it will give an idea of how the 

peak of the drug will look in the formulation to be 

determined. 

 To determine the shelf life of pharmaceutical 

products.  

 To recognize the specific constituent or 

molecules in the mixture and for bio availability 

investigations etc. After the preparation of the 

specific formulation, the discharge of the drug 

during a particular period of time is analyzed for 

bio availability investigations. 

 To evaluate the concentration of plasma, 

metabolic profile etc of chemical moieties or 

formulation during development or preclinical 

trials. The analysis is done to examine their blood 

concentration after certain periods of 

administration. 

 

o Medical
[34]

 

 Clinical utilization of HPLC can 

incorporate medication investigation, yet falls all 

the more intently under the classification of 

supplement examination. While pee is the most 

widely recognized mode for dissecting drug 

fixations, blood serum is the example gathered for 

most clinicalinvestigations with HPLC. Other 

techniques for identification of particles that are 

valuable for clinical examinations have been tried 

against HPLC, to be specific immunoassays. In one 

illustration of this, cutthroat protein restricting 

examines (CPBA) and HPLC were looked at for 

responsiveness in discovery of vitamin D. Valuable 

for diagnosing lacks of vitamin D in youngsters, it 

was observed that responsiveness and particularity 

of this CPBA came to just 40% and 60%, 

separately, of the limit of HPLC. While a costly 

device, the precision of HPLC is almost unrivaled. 

o Legal
[35]

 

 This strategy is additionally utilized for 

recognition of illegal medications in pee. The most 

widely recognized strategy for drug identification 

is an immunoassay. This technique is substantially 

more helpful. Nonetheless, comfort comes at the 
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expense of explicitness and inclusion of a wide 

scope of medications. As HPLC is a technique for 

deciding (and potentially expanding) 

immaculateness, utilizing HPLC alone in assessing 

centralizations of medications is to some degree 

inadequate. With this, HPLC in this setting is 

frequently acted related to mass spectrometry. 

Utilizing fluid chromatography rather than gas 

chromatography related to MS avoids the need for 

derivatizing with acetylating or alkylation 

specialists, which can be an oppressive additional 

progression. This strategy has been utilized to 

recognize an assortment of specialists like doping 

specialists, drug metabolites, glucuronide forms, 

amphetamines, narcotics, cocaine, BZDs, ketamine, 

LSD, weed, and pesticides. Performing HPLC 

related to Mass spectrometry diminishes the 

outright requirement for normalizing HPLC 

exploratory runs. 

 

 

Advantages of HPLC
[36]

: 

The predominance of HPLC as a head 

scientific strategy is no mishap. The most 

noticeable benefit is its relevance to different 

analytes types, from little natural atoms and 

particles to huge biomolecules and polymers. The 

fruitful coupling of HPLC to MS gave it an 

invulnerable edge as "the ideal insightful 

instrument" — joining amazing division ability 

with the phenomenal affectability and particularity 

of MS. HPLC–MS is quickly turning into the 

standard stage innovation for bioanalytical testing 

(drugs in natural liquids), follow examination for 

deposits in food, scientific and ecological examples 

and life science research. At last, the phenomenal 

accuracy and strength of HPLC with UV location 

makes it a crucial device for Quality Control (QC). 

This last point is represented by a contextual 

analysis on steadiness assessment of a drug item. 

Utilizing a HPLC lab can grows better items, gain a 

superior comprehension of contenders items and 

can be utilized to help address/forestall item 

reviews. 

 

Disadvantages of HPLC
[37]

: 

HPLC can be a costly strategy, it required 

countless costly organics, needs a force supply and 

ordinary support is required. It can be muddled to 

investigate issues or grow new methods. The 

absence of a general identifier for HPLC, 

nonetheless, the UV-Vis locator just identifies 

chromophoric compounds. The division in High-

execution fluid chromatography has less 

effectiveness than GC. It is harder for the beginner. 

HPLC siphon process unwavering quality depends 

on of neatness of the example, portable stage and 

legitimate activity of the framework. The expense 

of HPLC is undeniably more costly than its 

archetypes. Consequently, in case you're working 

at an exploration office or lab that has low 

financing, you might discover HPLC hardware 

hard to buy. As a rule, HPLC is flexible and 

amazingly exact with regards to distinguishing and 

measuring synthetic parts. With many advances 

included, the accuracy of HPLC is to a great extent 

down to the cycle being mechanized and thusly 

exceptionally reproducible. HPLC has low 

affectability for specific mixtures and some can't be 

recognized as they are irreversibly adsorbed. 

Unstable substances are better isolated by gas 

chromatography. 

 

Use of HPLC in Pharmacy 

1. Validated method development for 

estimation of formoterol fumarate and 

mometasone furoate in metered dose 

inhalation form by HPLC: A simple 

stability-indicating method was developed and 

validated for analysis of formoterol fumarate 

and mometasone furoate in metered dose 

inhalation formulations. This is a simple, 

accurate, precise, and stabilityindicating HPLC 

method for the routine analysis of formoterol 

fumarate and mometasone furoate in metered 

dose inhalation formulations. The results of 

stress testing undertaken according to the ICH 

guidelines reveal that the method is selective 

and stability-indicating
[38]

. 

2. Development and application of 

multidimensional HPLC mapping method 

for O-linked oligosaccharides: An HPLC 

mapping method was developed for detailed 

identification of O-glycans including neutral, 

sialylated, and sulfated oligosaccharides. 

Furthermore, using this method, it was able to 

quantitatively identify isomeric products from 

an in vitro reaction catalyzed by N-

acetylglucosamine-6Osulfotransferases and 

obtain O-glycosylation profiles of serum IgA 

as a model glycoprotein. The HPLC map 

provides a glycomics tool for unambiguous 

identification and quantitative profiling of O-

glycans expressed on a variety of proteins of 

physiological and pathological interest
[39]

.  

3. A simple and specific method for estimation 

of lipoic acid in human plasma by HPLC: A 

rapid HPLC method for determination of lipoic 
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acid (LA) in human plasma was developed and 

validated.This HPLC method for the 

estimation of LA in human plasma is simple, 

sensitive, reproducible and precise. The assay 

is less laborious, economical and less time 

consuming than other reported methods 

previously. The validated HPLC-UV method 

may be applied to the measurement of LA 

levels in clinical practice. Further the LA 

concentrations can be confirmed by LC-MS 

quantification; thereby this method may be 

applied in future studies with shorter run time 

thereby large number of samples can be 

quantitated
[40]

 

4. HPLC method for determination of 

clobetasol in rat plasma and its application 

to skin penetration: A simple and sensitive 

HPLC method was developed for 

quantification of clobetasol (CLB) in rat 

plasma. This method was successfully applied 

to the study of penetration of clobetasol from 

different zinc salts in rat for the first time. The 

method is also proficient in determination of 

large number of biological samples
[41]

. 

5. Enantiomeric separation of 

nonproteinogenic amino acids by HPLC: 
Amino acids are essential for life, and have 

many functions in metabolism. One 

particularly important function is to serve as 

the building blocks of peptides and proteins. 

Peptides are frequently cyclic and contain 

proteinogenic as well as nonproteinogenic 

amino acids in many instances. Since most of 

the amino acids contain a chiral carbon atom, 

the stereoisomers of all these amino acids and 

the peptides in which they are to be found may 

possess differences in biological activity in 

living systems. The development of methods 

for the separation of enantiomers is of great 

interest, since the potential biological or 

pharmacological applications are mostly 

restricted to one of the enantiomers. The 

separation of these isomers is achieved mainly 

by chromatographic and electrophoretic 

methods. Indirect and direct HPLC methods 

are useful for separation of biologically and 

pharmaceutically important enantiomers of 

nonproteinogenic amino acids and related 

compounds. 

 

II. CONCLUSION 
High-Performance Liquid 

Chromatography (HPLC) remains the bedrock of 

analytical chemistry today, providing unparalleled 

accuracy and sensitivity for the examination of 

intricate biological and pharmaceutical samples. 

The establishment of reliable HPLC methods for 

analytes like formoterol fumarate, mometasone 

furoate, and clobetasol illustrates its importance in 

drug development and pharmacokinetic research. In 

addition, its use for glycosylation analysis and 

isomer identification shows its increasing relevance 

in biochemical investigation. These developments 

reaffirm the significance of HPLC in guaranteeing 

the quality, effectiveness, and safety of therapeutic 

products. 

 

REFERENCE 
[1]. Kazakevich, Yuri V., and Rosario 

LoBrutto. HPLC for Pharmaceutical 

Scientists. Wiley-Interscience, 2007. 

[2]. Gupta, V., A. D. K. Jain, N. S. Gill, and 

K. Gupta. "Development and Validation 

of HPLC Method – A Review." 

International Research Journal of 

Pharmacy and Applied Sciences, vol. 2, 

no. 4, 2012, pp. 17–25. 

[3]. Ahuja, S., and H. Rasmussen. 

Development for Pharmaceuticals. Vol. 

8, Separation Science and Technology, 

Elsevier, 2007. 

[4]. Dong, Michael W. Modern HPLC for 

Practicing Scientists. Wiley-

Interscience, 2006. 

[5]. Hitachi High-Tech Global. "Principle 

and System Configuration of HPLC. 

Principle of Chromatography." Hitachi 

High-Tech Corporation, www.hitachi-

hightech.com/global/product_detail/?pn

=ana-hplc-001. Accessed 1 May 2025. 

[6]. McPolin, Oona. An Introduction to 

HPLC for Pharmaceutical Analysis. 

Mourne Training Services, 2009. 

[7]. Gerber, F., M. Krummen, H. Potgeter, 

A. Roth, C. Siffrin, and C. Spoendlin. 

"Practical Aspects of Fast Reversed-

Phase High-Performance Liquid 

Chromatography Using 3 Microm 

Particle Packed Columns and 

Monolithic Columns in Pharmaceutical 

Development and Product Working 

under Current Good Manufacturing 

Practice." 

[8]. Ventura, Manuel, et al. "High-

Throughput Preparative Process 

Utilizing Three Complementary 

Chromatographic Purification 

Technologies." Journal of 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 10, Issue 3 May–June 2025, pp: 392-401 www.ijprajournal.com ISSN: 2456-4494 

                                       

 

 

 

DOI: 10.35629/4494-1003392401          Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 400 

Chromatography A, vol. 1036, no. 1, 

May 2004, pp. 7–13. Elsevier, 

https://doi.org/10.1016/j.chroma.2004.0

2.071 

[9]. Moldoveanu, S. C., and David V. 

Essentials in Modern HPLC 

Separations. Elsevier, 2012, pp. 89-

123. 

[10]. Kromidas, Stavros. HPLC Made to 

Measure: A Practical Handbook for 

Optimization. John Wiley & Sons, 

2006, pp. 167–198. 

[11]. Neue UD. Neue UD. HPLC Columns: 

Theory, Technology, and Practice. 

Wiley-VCH, 1997, pp. 78-112. 

[12]. Tiwari, Pawan, and B. K. Singh. 

"HPLC: A Modern Approach of 

Development and Validation." World 

Journal of Pharmaceutical Research, 

vol. 5, no. 9, 2016, pp. 1616-1631. 

ISSN 2277–7105. SJIF Impact Factor 

6.805. 

[13]. Shende, Shubham. "HPLC 

Instrumentation & Operation." School 

of Pharmacy, GH Raisoni University, 

Saikheda, Madhya Pradesh, India. 

[14]. Sah, Priti, et al. "High Performance 

Liquid Chromatography (HPLC)." 

International Journal of Research in 

Engineering and Science, vol. 9, no. 8, 

2021, pp. 23-28, www.ijres.org. 

[15]. Hopmann, E., W. Arlt, and M. Minceva, 

Solvent system selection in counter-

current chromatography using 

conductor-like screening model for real 

solvents. J Chromatogr A, 2011. 

1218(2): p. 242-50. 

[16]. Ayrton J. Assay of ceftazidime in 

biological fluids using high-pressure 

liquid chromatography. J 

AntimicrobChemother. 1981 Sep;8 

Suppl B:227-31. doi: 

10.1093/jac/8.suppl_b.227. PMID: 

19802990. 

[17]. ANNALS OF ADVANCES IN 

CHEMISTRY High-Performance 

Liquid Chromatography (HPLC): A 

review Abdu Hussen Ali* Ann Adv 

Chem. 2022; 6: 010-020. DOI: 

10.29328/journal.aac.1001026 

[18]. Fredj G, Paillet M, Aussel F, Brouard 

A, Barreteau H, Divine C, Micaud M. 

Determination of sulbactam in 

biological fluids by high-performance 

liquid chromatography. J Chromatogr. 

1986 Nov 28;383(1):218-22. doi: 

10.1016/s0378-4347(00)83464-7. 

PMID: 3029153. 

[19]. Polite L. Liquid chromatography: basic 

overview. In: Miller J, Crowther JB 

[eds], Analytical chemistry in a GMP 

environment: a practical guide. John 

wiley& sons, New York. 2000. 

[20]. . Kumar, V.; Bharadwaj, R. An 

Overview on HPLC Method 

Development. Optimization and 

Validation process for drug analysis, 

Pharm Chem J 2015;2(2);30-40 

[21]. Bhardwaj SK, Dwivedi K, Agarwal DD 

(2015) A Review: HPLC Method 

Development and Validation. 

International Journal of Analytical and 

Bioanalytical Chemistry 5(4): 76-81. 

[22]. Sharma BK (2006) Instrumental 

methods of chemical analysis. (25th 

edn.); Goel publishing house, pp. 286-

385. 

[23]. www.phaceuticalgudlines.com 

[24]. Raymond S (1995) Chromatographic 

detectors design: Function and 

Operation. Chromatographic Science 

Series 73: 201-204. 

[25].  Kenmore CK, Ersline SR (1997) 

Refractive Index Detection by 

Interferometric Backscatter in Packed-

Capillary High Performance Liquid 

Chromatography. J Chr 762(1-2): 219-

225. 

[26]. Willard HH, Dean AJ (1986). 

Instrumental Methods of Analysis. (7th 

edn.); CBS Publishers and distributors, 

pp. 513-604. 

[27].  Ismail H, Kassandra K, Dernik G 

(2005) Electrochemical Imaging of 

Fusion Pore Openings by 

Electrochemical Detectors Arrays. 

Centre of scientific studies 102: 13879-

13884. 

[28].  Wang D, Abate D (2010) HPLC: Past 

and Present. Angew Chem Int 49: 1300-

2312. 

[29].  Beckett AH, Stenlake JB (2007) 

Practical Pharmaceutical Chemistry, 

Part 2. (1st edn.); CBS publishers and 

distributors, pp. 157-166 

[30]. Fourkaridis GN, Muntingh GL, Osuch E 

(1994) Application of Diode Array 

Detection for the Identification of 

https://doi.org/10.1016/j.chroma.2004.02.071
https://doi.org/10.1016/j.chroma.2004.02.071
http://www.ijres.org/
http://www.phaceuticalgudlines.com/


 

 

International Journal of Pharmaceutical Research and Applications 

Volume 10, Issue 3 May–June 2025, pp: 392-401 www.ijprajournal.com ISSN: 2456-4494 

                                       

 

 

 

DOI: 10.35629/4494-1003392401          Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 401 

Poisoning by Traditional medicines. J 

Ethnopharmacology 41(3): 135-146. 

[31]. Chatwal GR, Anand SK (2007) 

Instrumental methods of Chemical 

analysis. (5th edn); Himalaya publishing 

house, pp. 2624-2639. 

[32]. Chemical Analysis Modern 

Instrumentation Methods and 

Techniques, Second Edition, Francis 

Rouessac and Annick Rouessac, 

University of Le Mans, France. 

[33]. Rao, G.; Goyal, A. An Overview on 

Analytical Method Development and 

Validation by Using HPLC. Pharm 

Chem J 2016;3(2):280-9. 

[34]. Opinion Citation: Alton A. Different 

applications of high performance liquid 

chromatography used in current time of 

research. J Biochem Biotech 

2022;5(1):103 Different applications of 

high performance liquid 

chromatography (HPLC) used in current 

time of research. Alek Alton* 

[35]. . Kolmonen Marjo, Leinonen Antti, 

Pelander Anna, et al. A general 

screening method for doping agents in 

human urine by solid phase extraction 

and liquid chromatography/ time-of-

flight mass spectrometry. Analytica 

Chimica Acta. 2007;585(1):94–102. 

[36]. Journal of Environmental Analytical 

Chemistry Volume 8:10, 2021 

Advantages and Disadvantages of High-

Performance Liquid Chromatography 

(HPCL) Yury V. Timchenko* 

[37]. Srinivasarao, K.; Gorule, V.; Ch, V.R. 

Validated method development for 

estimation of formoterol fumarate and 

mometasone furoate in metered dose 

inhalation form by high performance 

liquid chromatography. J Anal 

Bioanalytical Tech, 2012;3(6):301-6 

[38]. Sultana, N.; Arayne, M.S.; Shamim, S.; 

Akhtar, M.; Gul, S. Validated method 

for the determination of Gemifloxacin 

in bulk, pharmaceutical formulations 

and human serum by RPHPLC: in vitro 

applications. J Braz Chem Soc 

2011;22(5):987- 92 

[39]. Ezhilarasi, K.; Sudha, V.; 

Ramachandran, G.; Umapathy, D.; 

Rajaram, R.; Padmalayam, I. et al; A 

Simple and Specific Method for 

Estimation of Lipoic Acid in Human 

Plasma by High Performance Liquid 

Chromatography. J Chromatography 

Separation Tech 2014;672(2):277-81. 

[40]. Musmade, P.B.; Deshpande, P.B.; 

Pathak, S.M.; Adiga, M.N.S.; Bhat, 

K.M.; Udupa, N. et al; High 

Performance Liquid Chromatographic 

Method for the Determination of 

Clobetasol in Rat Plasma and its 

Application to Skin Penetration. J 

Bioanalysis Biomedicine 2010;2(1). 

[41]. Ilisz, I.; Aranyi, A.; Pataj, Z.; Péter, A. 

Enantiomeric separation of 

nonproteinogenic amino acids by 

highperformance liquid 

chromatography. J Chromatography A 

2012;1269:94-121. 

 

 

 


