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ABSTRACT 

 
The analytical technique of choice for separating, identifying, and quantifying complex mixtures is high-performance 

liquid chromatography (HPLC). Reverse-phase liquid chromatography (RP-HPLC) is the preferred separation mode for high-

performance liquid chromatography (HPLC) due to its adaptability and higher selectivity for hydrophobic compounds. This 

review article discusses the fundamentals of reversed-phase high-performance liquid chromatography (RP-HPLC). This covers 

the separation principle, various stationary and mobile phase types, and separation-affecting variables. This article highlights 

the need of developing and testing such methods in addition to outlining the advantages of using RP-HPLC in industries like 

pharmaceutical, food, and environmental analysis. As examples of more recent advancements in RP-HPLC, new stationary and 

mobile phases, RP-HPLC downsizing, and hyphenated methods are also discussed. This review article provides a comprehensive 

tool for designing, refining, and validating RP-HPLC processes. 

 

Keywords- HPLC, Pharmaceutical Application, Phases, Active Ingredients. 

 

 

 

I. INTRODUCTION 
 

High-performance liquid chromatography 

(HPLC) has established itself as a significant analytical 

instrument for the separation, identification, and 

quantification of chemical compounds. The most used 

HPLC technique is reverse-phase high-performance 

liquid chromatography (RP-HPLC), which excels in 

selectivity and sensitivity for a wide range of analytes. 

Because RP-HPLC can separate compounds based on 

their hydrophobicity or lipophilicity, it is widely used in 

pharmaceutical analysis [1]. 

Without RP-HPLC, it is difficult to separate 

and quantify APIs and contaminants in pharmaceutical 

analysis. Robust and accurate RP-HPLC processes must 

be created in order to assess the drug's quality, safety, 

and effectiveness. In order to establish analytical 

methodologies using RP-HPLC, it is essential to choose 

the stationary and mobile phases, optimize the separation 

conditions, and choose the chromatographic parameters 

[2]. 

In this review article, the foundations of 

reversed-phase high-performance liquid chromatography 

(RP-HPLC), including the separation principle, 

alternatives for stationary and mobile phases, and 
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variables affecting RP-HPLC separation, are discussed 

[3]. We will also discuss the many steps involved in the 

development and validation of RP-HPLC methods and 

highlight the many applications of RP-HPLC, including 

pharmaceutical analysis, food analysis, and 

environmental analysis. Along with other recent 

advancements in RP-HPLC, new stationary and mobile 

phases, RP-HPLC downsizing, and hyphenated 

techniques like LC-MS [4] will also be addressed. 

The pharmaceutical sector has found RP-HPLC 

to be crucial since it can separate and quantify impurities 

and active pharmaceutical ingredients (APIs). The 

effectiveness and selectivity of RP-HPLC have 

improved recently as a result of developments in both 

stationary and mobile phases. Miniaturization advances 

have made it possible to analyze smaller sample 

quantities with RP-HPLC at a lower cost and in less 

time. The creation of hybrid techniques like LC-MS has 

led to increased sensitivity and selectivity in RP-HPLC 

analysis [5]. 

In conclusion, the pharmaceutical business 

relies heavily on RP-HPLC as an analytical tool, hence 

it's crucial that reliable and precise RP-HPLC techniques 

be created to assess medications. The effectiveness, 

sensitivity, and selectivity of RP-HPLC have recently 

improved, making it a more useful tool for the analysis 

of chemical compounds in a variety of fields [6]. 

 

II. FUNDAMENTALS OF RP-HPLC 
 

A number of chromatographic parameters are 

also used to gauge the effectiveness of RP-HPLC 

separations. The retention time is the length of time it 

takes for a molecule to elute from the column after 

injection, whereas the selectivity factor is the ratio of the 

distance between two peaks. Resolution measures the 

space between two successive peaks, while capacity 

factor measures the compound's relative affinity for the 

stationary phase [7]. 

The first stage in developing a successful 

separation using the RP-HPLC technology is selecting 

the stationary and mobile phases. It is crucial to pick a 

stationary phase that works well with the mobile phase 

and can successfully trap the target analyte. It's critical to 

choose a mobile phase that elutes the target analyte from 

the column and is compatible with the stationary phase 

[8]. 

To get the best separation conditions, it is 

possible to adjust a number of parameters, including 

column temperature, mobile phase pH, flow rate, and 

gradient elution. The optimization process aims to 

achieve maximum resolution, minimal analytical time, 

and optimal solvent consumption [9]. To guarantee that 

RP-HPLC methods are reliable, reproducible, and 

precise, validation is crucial. Some of the factors that are 

investigated during validation include accuracy, 

precision, linearity, resilience, and limitations of 

detection and quantification [10]. 

Just a few of the several industries that can 

profit from RP-HPLC include the examination of food, 

pharmaceuticals, and the environment. Impurities and 

degradation products are identified and separated 

utilizing RP-HPLC analysis of drug molecules and drug 

products. The chemical composition and general quality 

of a product are frequently examined using RP-HPLC in 

the food business. RP-HPLC can be used to identify and 

measure pollutants in environmental samples [11]. 

Recent advancements in RP-HPLC include its 

downsizing, the introduction of hyphenated 

methodologies like LC-MS, and the creation of new 

stationary and mobile phases. More precise separation 

and analysis of complex compounds may be possible 

with newly constructed stationary and mobile phases 

with increased selectivity and efficiency [12]. 

Miniaturized RP-HPLC can analyze smaller sample 

volumes, reducing run durations and solvent 

consumption. By combining the advantages of RP-

HPLC with mass spectrometry, hybrid techniques 

provide more accurate and sensitive analyte detection 

[13]. 

In conclusion, RP-HPLC is a vital analytical 

chemistry technique, particularly for the investigation of 

medicines. The creation of accurate and dependable RP-

HPLC techniques is necessary for determining the 

quality, safety, and efficacy of drug products [14]. The 

stationary and mobile phases must be carefully 

considered, the separation parameters must be fine-

tuned, and RP-HPLC methodologies must be validated 

in order to achieve the perfect separation. One way that 

RP-HPLC is changing to become more adaptable and 

potent in the analytical environment is through the 

addition of new stationary and mobile phases, 

downsizing, and hyphenated techniques [15]. 

 

III. METHOD DEVELOPMENT IN RP-

HPLC 
 

The method development process involves 

selecting appropriate stationary and mobile phases, 

optimizing separation conditions, and determining 

chromatographic parameters. The selection of stationary 

and mobile phases is based on the physicochemical 

properties of the sample components, such as polarity, 

solubility, and acid-base properties. The optimization of 

separation conditions involves adjusting the pH, solvent 

strength, and temperature to achieve the desired 

separation [16]. 

In the method development process, the 

selection of stationary and mobile phases is critical in 

achieving the desired separation. The stationary phase is 

typically a hydrophobic material, such as C18, C8, or 

phenyl, which interacts with the analytes based on their 

hydrophobicity [17]. The mobile phase, on the other 

hand, is typically a mixture of an aqueous phase and an 
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organic solvent, such as acetonitrile or methanol. The 

choice of the mobile phase composition depends on the 

sample's properties and the desired separation [18]. 

The optimization of separation conditions 

involves adjusting the pH, solvent strength, and 

temperature to achieve the desired separation. The pH of 

the mobile phase can affect the ionization of the analytes 

and the degree of retention on the column. Solvent 

strength is controlled by adjusting the ratio of the 

organic solvent to the aqueous phase, and temperature 

can affect the selectivity and resolution of the separation 

[19]. 

Once the separation conditions are optimized, 

the determination of chromatographic parameters is 

crucial in validating the method's reliability and 

accuracy. Retention time is the most common 

chromatographic parameter and is used to identify the 

analytes in the sample. Selectivity is a measure of the 

separation between two analytes and is calculated by 

measuring the relative retention times of the two 

analytes. Resolution is a measure of the separation 

between two adjacent peaks, and it is calculated by 

measuring the peak widths and distances between the 

two peaks [20]. 

In summary, the method development process 

in RP-HPLC involves selecting appropriate stationary 

and mobile phases, optimizing separation conditions, 

and determining chromatographic parameters to achieve 

a reliable and accurate separation of the analytes. The 

optimization of separation conditions and the 

determination of chromatographic parameters are critical 

steps in ensuring the method's reliability and accuracy in 

pharmaceutical analysis [21]. 

 

IV. VALIDATION OF RP-HPLC 

METHODS 
 

Method validation is essential to ensure the 

reliability and accuracy of RP-HPLC methods. The 

validation process involves evaluating the parameters of 

accuracy, precision, linearity, and robustness. Accuracy 

is the closeness of the measured value to the true value, 

and precision is the degree of reproducibility of the 

results [22]. Linearity is the ability of the method to 

produce a linear response over a range of concentrations, 

and robustness is the ability of the method to produce 

consistent results despite small changes in the method 

parameters. Validation of RP-HPLC methods is a critical 

step in the development of reliable and accurate 

analytical methods. The validation process evaluates the 

performance of the method and verifies that it is suitable 

for its intended use. The various parameters evaluated 

during method validation are accuracy, precision, 

linearity, and robustness [23]. 

Accuracy  

In RP-HPLC, accuracy and precision are 

critical parameters in method validation as they reflect 

the reliability and reproducibility of the analytical 

method. Accuracy is often assessed by spiking the 

sample with a known amount of the analyte of interest 

and comparing the measured value with the expected 

value [24]. This approach is particularly useful when the 

true value of the analyte is unknown or when the sample 

matrix is complex, which may affect the recovery of the 

analyte. The accuracy can be expressed as the percentage 

of recovery or the absolute difference between the 

measured and expected values [25]. 

In contrast, precision is the degree of 

reproducibility of the results obtained from multiple 

measurements of the same sample. It is often evaluated 

by calculating the relative standard deviation (RSD) of 

the results, which is expressed as the ratio of the 

standard deviation to the mean value of the 

measurements. A low RSD indicates a high degree of 

precision, which is desirable for analytical methods [26]. 

Both accuracy and precision are influenced by 

several factors, including the quality of the analytical 

instruments, the performance of the chromatographic 

system, the stability of the analyte, and the skill level of 

the operator [27]. To ensure accurate and precise results, 

it is crucial to validate the method before its application 

in the analysis of real samples. Method validation 

involves assessing several parameters, including 

linearity, limit of detection, limit of quantification, 

specificity, robustness, and ruggedness, among others. 

By validating the method, the analyst can ensure that the 

method is fit for the intended purpose and that the results 

obtained are reliable and reproducible [28]. 

Linearity 

Linearity is an essential aspect of method 

validation in RP-HPLC analysis. It is necessary to 

determine if the response of the detector is proportional 

to the concentration of the analyte. This parameter is 

crucial because it ensures that the method can produce 

accurate and reliable results over a range of 

concentrations [29]. To assess linearity, a series of 

standard solutions with known concentrations of the 

analyte should be prepared. The standard solutions 

should cover a range of concentrations that is relevant to 

the analysis. The peak area or peak height should be 

measured for each solution, and the data should be 

plotted to generate a calibration curve [30]. 

A linear correlation between the peak area or 

height and the concentration should be observed, with a 

correlation coefficient of at least 0.99. If the correlation 

coefficient is lower than 0.99, the method may need to 

be optimized or further validated to ensure that it 

produces accurate and reliable results [31]. In addition to 

determining linearity, the calibration curve can also be 

used to calculate the limit of detection (LOD) and limit 

of quantitation (LOQ) for the method. The LOD and 

LOQ represent the lowest concentration of the analyte 

that can be detected and quantified, respectively. 

Overall, linearity is a critical parameter in method 

validation, and it is essential to ensure that the method 

can produce accurate and reliable results over a range of 

concentrations [32]. 
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Robustness 

Robustness is a critical parameter in the 

validation of RP-HPLC methods, as it indicates the 

method's ability to produce consistent results despite 

minor variations in the experimental conditions. To 

evaluate the robustness of an RP-HPLC method, various 

parameters such as pH, temperature, and flow rate are 

intentionally varied, and the effects on the results are 

observed [33]. If the changes in the parameters do not 

significantly affect the results, then the method is 

considered to be robust. A robust method is highly 

desirable as it ensures that the results obtained are 

reliable and reproducible [34]. 

In addition to robustness, other parameters such 

as accuracy, precision, and linearity are also essential to 

validate the RP-HPLC method's performance. Accuracy 

refers to the closeness of the measured values to the true 

values, while precision measures the degree of 

reproducibility of the results. Linearity, on the other 

hand, evaluates the method's ability to produce a linear 

relationship between the analyte concentration and the 

response [35]. 

Overall, a comprehensive assessment of the RP-

HPLC method's performance is necessary to verify its 

suitability for the intended use. Validation of the method 

ensures the reliability and accuracy of the results, and it 

also helps to identify any potential issues with the 

method, allowing for adjustments to be made to improve 

its performance [36]. 

 

V. APPLICATIONS OF RP-HPLC IN 

PHARMACEUTICAL ANALYSIS 
 

RP-HPLC is a widely used technique in the 

pharmaceutical industry for drug analysis due to its high 

sensitivity, selectivity, and reproducibility. The 

application of RP-HPLC in pharmaceutical analysis 

involves the separation and quantification of active 

pharmaceutical ingredients (APIs), impurities, 

degradation products, and other related substances [37]. 

One of the primary applications of RP-HPLC in 

pharmaceutical analysis is the determination of drug 

purity. This involves the separation of the API from 

other components in the sample and quantifying the 

amount of the API present. The analysis of drug 

impurities is also an essential application of RP-HPLC. 

Impurities can arise from various sources, such as 

starting materials, intermediates, and degradation 

products. RP-HPLC is capable of separating these 

impurities from the API and determining their 

concentration in the drug substance [38]. 

Another significant application of RP-HPLC in 

pharmaceutical analysis is the analysis of drug 

formulations. This involves the analysis of the active 

ingredients and excipients in a drug product. RP-HPLC 

is used to separate the active ingredient from the 

excipients, and the amount of the API present in the 

formulation is quantified [39]. RP-HPLC is also used in 

the analysis of drug degradation products. The 

degradation of drugs can occur due to various factors 

such as temperature, light, and moisture. RP-HPLC can 

be used to separate and quantify the degradation 

products formed during storage or during the 

manufacturing process [40]. 
RP-HPLC is also used in the analysis of drug-

drug interactions. This involves the separation and 
quantification of the drug and its metabolites in 
biological matrices, such as plasma or urine. The 
analysis of drug-drug interactions is essential to evaluate 
the safety and efficacy of drugs and to determine the 
pharmacokinetic parameters of drugs [41]. In addition to 
the above applications, RP-HPLC is also used in the 
analysis of drug stability, bioavailability, and 
pharmacokinetics. The stability of drugs is determined 
by subjecting the drug substance to various stress 
conditions and analyzing the resulting degradation 
products. RP-HPLC is used to separate and quantify the 
degradation products formed during the stability studies. 
The bioavailability and pharmacokinetics of drugs are 
also determined by RP-HPLC analysis of biological 
matrices such as plasma or urine [42]. 

In conclusion, RP-HPLC is an essential 
technique in pharmaceutical analysis due to its high 
sensitivity, selectivity, and reproducibility. The 
applications of RP-HPLC in pharmaceutical analysis 
include drug purity determination, impurity analysis, 
analysis of drug formulations, analysis of drug 
degradation products, analysis of drug-drug interactions, 
drug stability studies, and determination of 
bioavailability and pharmacokinetics of drugs [43]. 
 

VI. RECENT ADVANCEMENTS IN RP-

HPLC 
 

Prajapati, P. B., et al., (2021), in recent years, 
the development of stability-indicating reversed-phase 
high-performance liquid chromatography (RP-HPLC) 
methods has been a topic of interest in the 
pharmaceutical industry. Bosutinib, a tyrosine kinase 
inhibitor used for the treatment of chronic myelogenous 
leukemia, is a compound for which no stability-
indicating RP-HPLC method has been reported in the 
literature. To address this, a stability-indicating RP-
HPLC method for the estimation of bosutinib has been 
developed using a risk- and design of experiments 
(DoE)-based enhanced analytical quality by design 
(AQbD) approach. The method involves 
chromatographic separation on a C18 column using 
acetonitrile–1.0% triethylamine (v/v) in water (pH 7.0). 
The developed method was validated according to 
International Conference on Harmonization (ICH) Q2 
(R1) guidelines and applied to assay pharmaceutical 
dosage forms and in an oxidative degradation kinetic 
study of bosutinib at different pH conditions. The 
method provides a valuable analytical tool for quality 
control and stability studies of pharmaceutical dosage 
forms of bosutinib in the pharmaceutical industry [44]. 
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Ibrahim, F. A., et al., (2019), the use of eco-

friendly analytical methods has gained momentum in 

different fields, including pharmaceutical analysis. 

However, most chromatographic techniques still employ 

significant amounts of toxic and non-degradable organic 

solvents. This review highlights a green HPLC assay 

method for the simultaneous estimation of two 

moxifloxacin combinations: 

moxifloxacin/dexamethasone and 

moxifloxacin/prednisolone. The method involves the use 

of a reversed-phase Thermo Scientific MOS-1 Hypersil 

C8 column (250 mm × 4.6 mm i.d., 5-μm particle size) 

and an eco-friendly isocratic eluent composed of 

ethanol: water containing 0.05% triethanolamine (90:10, 

v/v, pH 4.5). The assay was completed in less than 6 min 

for each combination at a flow rate of 1.0 mL/min. A UV 

detector was used at 240 nm for the first 4.0 min and 

later at 280 nm using time programming technique. The 

method enabled the simultaneous analysis of each of 

moxifloxacin combinations in their laboratory-prepared 

binary mixtures in various pharmaceutical ratios. 

Additionally, the method was used to analyze eye drops 

containing either moxifloxacin/dexamethasone or 

moxifloxacin/prednisolone with success. The proposed 

method was also evaluated for its greenness using three 

different tools and was found to be an eco-friendly 

alternative to conventionally developed HPLC methods 

regarding the usage of safe solvents and chemicals, 

minimal waste production, and short analysis time. 

Therefore, the method could be useful for routine quality 

control analysis of the investigated binary mixtures with 

the least harmful effect on the environment or human 

beings [45]. 

Attimarad, M., et al., (2020), the objective of 

this literature review was to evaluate the recent 

advancements in RP-HPLC for the development of a 

rapid, economical, and robust liquid chromatographic 

procedure for the quality control of a pharmaceutical 

preparation containing amlodipine and celecoxib using 

an experimental design. The proposed method involved 

isocratic separation using a Zorbax C18 (150 mm) RP-

HPLC column and a mobile phase consisting of sodium 

phosphate buffer (pH 5.6): acetonitrile: methanol in a 

ratio of 30:55:15 (v/v). The analysis was performed at 

25°C with a flow rate of 1.2 mL/minute and detection at 

239 nm using etoricoxib as an internal standard. The 

calibration curve showed good linearity, and the 

precision and accuracy were within an acceptable range. 

The suggested procedure was established by the results 

of recovery studies using a standard addition method. 

The robustness test was performed using fractional 

factorial design with three major contributing factors, 

demonstrating that the pH of the mobile phase and flow 

rate had a substantial effect on the peak area ratio of 

amlodipine, while the percent of acetonitrile and the 

flow rate together exhibited an effect on the peak area 

ratio of celecoxib. The validated, robust analytical 

method has been utilized to quantify amlodipine and 

celecoxib from formulations with large concentration 

differences, showing no significant difference in terms 

of accuracy and precision when compared with reported 

methods [46]. 

Prajapati, P., et al., (2022), The recent 

development of multipurpose reverse-phase high-

performance liquid chromatography (RP-HPLC) method 

has gained significant interest in the pharmaceutical 

industry for its economical and eco-friendly alternative 

to numerous published chromatography methods for 

synchronous estimation of FDC of telmisartan to save 

time, cost and solvent for analysis. In this regard, the 

analytical quality risk management was initiated with 

identification of potential method parameters using 

cause–effect diagram followed by assessment of their 

risk by risk priority number ranking and filtering 

method. To control the risk of critical method 

parameters, their optimization using design of 

experiments-based full-factorial design was employed. 

The method operable design ranges were identified for 

high-risk method parameters, and control strategy was 

set for mitigation of their risk throughout the life cycle 

of the developed RP-HPLC method. The RP-HPLC 

method was validated as per the ICH Q2 (R1) guideline 

and applied for simultaneous estimation of seven FDC 

products of telmisartan, complying with labeled claim. 

The study highlights the potential of the developed RP-

HPLC method as a multipurpose RP-HPLC method for 

quality control of FDC products of telmisartan in the 

pharmaceutical industry to save solvent, cost and time of 

analysis [47]. 

Darwish, H. W., et al., (2021), the use of RP-

HPLC in pharmaceutical analysis has continued to grow 

due to its selectivity, sensitivity, and stability-indicating 

properties. One recent advancement in RP-HPLC is the 

establishment of a reliable and sensitive stability-

indicating method for the quantification of bromazepam 

and one of its degradants, 2-(2-amino-5-bromobenzoyl) 

pyridine (ABP). The study utilized a C18 column and 

methanol-water (70:30, v/v) as the mobile phase, with 

detection achieved by a photodiode array detector set at 

230 nm. The method was validated following ICH 

guidelines, with the calibration curves of BMZ and ABP 

created in the range of 1-16 μg mL-1 and a mean 

recovery percentage of 100.02 ± 1.245 and 99.74 ± 

1.124, respectively. BMZ stability was inspected under 

various ICH forced degradation conditions, revealing its 

susceptibility to degradation in acidic and alkaline 

conditions. The method was shown to be suitable for 

quantifying the impurity (ABP) in a BMZ pure sample 

and for determining BMZ in pharmaceutical dosage 

forms, with no significant differences compared to a 

reference HPLC method in regard to both accuracy and 

precision. This study highlights the potential of RP-

HPLC in developing stability-indicating methods for the 

quantification of drug substances and their impurities 

[48]. 
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Jin, P., et al., (2021), in recent years, the 

analysis of microcystin-LR (MC-LR) has gained 

significant attention in the field of environmental 

monitoring due to its potential threat to human health. 

The development and comparison of analytical methods 

for detecting MC-LR in a wide concentration range is 

crucial for accurate and precise quantification. This 

literature review focuses on the recent advancements in 

RP-HPLC and UPLC-MS for the determination of MC-

LR. The study proposes the combined use of UPLC-MS 

and HPLC-VWD approaches for the detection of MC-

LR. UPLC-MS was utilized to determine MC-LR at 

trace concentrations due to its high sensitivity, whereas 

HPLC-VWD was used for the determination of high 

concentrations. The linear ranges of UPLC-MS and 

HPLC-VWD methods were 0.08-10 μg L−1 and 1-5000 

μg L−1, respectively. The detection and quantification 

limits of UPLC-MS were found to be 0.03-0.05 μg L−1 

and 0.08 μg L−1, respectively, and those of HPLC-VWD 

were 0.6 and 1.0 μg L−1. The sensitivity, precision, and 

accuracy of the two methods were compared in detail, 

and the results indicated that both methods were reliable 

and effective for the detection of MC-LR. The study also 

evaluated the potential adsorption properties of MC-LR 

on filter membranes and found no significant effects. 

The proposed methods were applied to water samples 

from Erhai Lake, China, and the results demonstrated the 

applicability and effectiveness of the combined approach 

for the determination of MC-LR in real environmental 

samples [49]. 

 

VII. CONCLUSION 
 

In conclusion, RP-HPLC is an essential 

analytical technique in pharmaceutical analysis. Method 

development using RP-HPLC involves selecting 

appropriate stationary and mobile phases, optimizing 

separation conditions, and determining chromatographic 

parameters. Method validation is crucial to ensure the 

reliability and accuracy of RP-HPLC methods. RP-

HPLC has several applications in pharmaceutical 

analysis and other fields, and recent advancements in 

RP-HPLC offer higher efficiency, faster separations, and 

more accurate and sensitive detection. Future 

perspectives on RP-HPLC method development include 

the use of more sustainable and eco-friendly stationary 

and mobile phases and the development of automated 

and high-throughput methods. 
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