
Int. J. Sci. R. Tech., 2025 2(10) 
A Multidisciplinary peer-reviewed Journal 
www.ijsrtjournal.com [ISSN: 2394-7063] 

 
 Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of any   

 commercial or financial relationships that could be construed as a potential conflict of interest.   

                  

              INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY                                                              528 | P a g e  

Original Article 

Comparative Study of UV And HPLC Methods for 

Estimation of Drug 

Sarthak Sanap*, Sakshi Tarle 

Matoshri College of Pharmacy Eklahary, Near Odhagaon, Aurangabad Highway, Tal. & Dist., Nashik 

    

INTRODUCTION 

A Pharmaceutical Analysis Background 

Pharmaceutical analysis is a vital component of 

quality assurance and quality control in the 

pharmaceutical industry. It includes both qualitative 

and quantitative evaluation of raw materials, 

Analytical chemistry supports:Drug discovery 

(structural elucidation, purity checks, impurity 

profiling)Development (formulation optimization, 

stability testing, impurity profiling)intermediates, 

APIs, and finished products to ensure identity, purity, 

potency, and safety. research, bioavailability/ 

bioequivalence testing) manufacturing (in-process 

controls, release testing) post-marketing (quality 

monitoring, batch consistency). Advances in 

equipment (UV-Vis spectroscopy, HPLC, GC, MS, 

FTIR, NMR) have enhanced accuracy, speed, and 

cost-effectiveness. Modern analysis also takes into 

account bioanalytical measures for pharmacokinetics, 

toxicokinetics, and therapeutic drug monitoring. [1] 

Pharmaceutical analysis includes the identification, 

quantification, and measurement of pharmaceutical 

substances using a variety of analytical methods. 

identify, characterize, and quantify pharmaceutical 

compounds. These methods include: 

Chromatography: Thin Layer Chromatography 

(TLC), Gas Chromatography (GC), and High-

Performance Liquid Chromatography (HPLC) 

Spectroscopy: Ultraviolet-visible spectroscopy (UV-

Vis), infrared spectroscopy (IR), and nuclear 

magnetic resonance (NMR) spectroscopy are all 

examples of spectroscopic techniques. 
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Pharmaceutical analysis is a cornerstone of drug quality, ensuring identity, purity, safety, and efficacy across the drug 

lifecycle. Analytical method development and validation are essential for detecting and quantifying pharmaceutical 

compounds, monitoring impurities, and supporting regulatory compliance. Techniques such as UV spectroscopy and 
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limitations. Method validation parameters—including accuracy, precision, specificity, linearity, robustness, and 
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and green analytical approaches have further improved analytical efficiency and sustainability. Despite these 

innovations, challenges persist in terms of method selection, sensitivity, cost, regulatory compliance, and environmental 

concerns. Future directions emphasize quality by design (QbD), real-time analytical technologies, computational tools, 
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pharmaceutical applications. 
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Flow chart: Life cycle of the analytical method [2] 

Regulatory Requirements 

Analytical method development and validation are 

governed by international guidelines to ensure 

accuracy, reproducibility, and reliability: 

ICH (International Council for Harmonisation) – 

Guidelines such as Q2(R2) for validation parameters 

(accuracy, precision, specificity, linearity, LOD, 

LOQ, robustness). 

US FDA, WHO, USP, BP, EP – Standards for 

analytical methods, documentation, and quality 

control. 

GLP & cGMP – Good Laboratory and Manufacturing 

Practices ensuring traceability, qualified personnel, 

and calibrated equipment. 

Pharmaceutical Inspection Cooperation Scheme 

(PIC/S) – International quality inspection framework. 

Regulatory agencies such as the FDA and EMA 

require that pharmaceutical products meet quality 

standards. Analytical methods must be developed and 

validated to comply with regulatory guidelines, 

including: 

ICH Guidelines: International Council for 

Harmonisation of Technical Requirements for 

Pharmaceuticals for Human Use (ICH) provides 

guidelines for analytical method validation 

USP and EP: United States Pharmacopeia (USP) and 

European Pharmacopoeia (EP) provide standards for 

pharmaceutical analysis [3] 

❖ Role of analytical method development 

Analytical methods development plays a critical role 

in pharmaceutical analysis, including: 

1. Method Development: developing and optimizing 

analytical methods to detect and quantify 

pharmaceutical substances 

2. Method Validation: validating analytical methods 

to ensure their accuracy, precision, and reliability 

3. Method Transfer: transferring validated analytical 

methods to different laboratories or instruments 

4. Ensuring Product Quality – Confirms dosage 

accuracy, impurity control, and stability over shelf 

life. 

5. Supporting Regulatory Compliance – Provides data 

that meet ICH/FDA requirements for safety, efficacy, 

and quality. 

6. Facilitating Drug Development – Enables 

bioavailability studies, impurity profiling, and 

formulation testing. 

7. Process Optimization – Improves efficiency, 

reduces cost, and ensures robustness against small 

variations. 
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8. Decision Making – Reliable analytical results guide 

batch release, rejection, recalls, and reformulations. 

[1] 

❖ Comparison of uv spectroscopy and HPLC for 

various drug  

chromophoric UV-Vis: Quick, affordable, and ideal 

for routine assays when analytes are simple and. 

HPLC: Offers the rigorous specificity, separation, and 

precision required for complex formulations, impurity 

profiling, and regulatory compliance. [4] 

Table 1: comparative study of uv spectroscopy and HPLC 

Aspects Uv-vis spectroscopy HPLC 

Cost & equipment Low cost; simple setup High cost complex instrumentation 

Selectivity Limited; overlaps common High; excellent sepration capabilities 

Sensitivity Good for simple assays Superior; detects low level impurities 

Sample 

preparation 

Minimal Requirement optimized mobile 

phase, column, etc. 

Speed Fast Moderate; method lenghths vary 

Best use in cases Routine qc, simple API Complex formulation, impurity 

profiling, stability assays 

Limitations Chromophore-dependent, 

prone to interferences 

Costly, requires skilled operation, 

high solvent use 

UV Spectroscopy- 

Image: UV spectroscopy 

Benefits: 

✓ A straightforward and economical approach 

✓ Quick analysis time 

✓ Ideal for small businesses 

✓ May provide details about molecular structure 

Restrictions: 

o Poor specificity and sensitivity 

o Interaction with breakdown products or 

excipients 

o Inappropriate for complicated samples 

Applications 

UV Spectroscopy: 

✓ Illustrations: 

✓ Calculating the dosage of canagliflozin in its 

tablet and bulk form 

✓ Determining the quantity of lamivudine in tablet 

form 

✓ Keeping an eye on drug degradation (with 

restrictions) 

✓ Examples of Use Cases: 
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✓ Quick screening of samples ✓ -Easy measurement of samples consisting of one 

component-HPLC 

Image: HPLC 

Benefits: 

✓ Great specificity and sensitivity 

✓ Can distinguish and quantify complex mixtures 

✓ Good for many different types of samples 

✓ Can be connected to a variety of detectors, such 

as fluorescence, MS, and UV. 

Restrictions: 

o demands expensive machinery and upkeep 

o The process of creating and validating time-

consuming methods 

o Need qualified workers 

o Instances 

o Measuring the quantity of oseltamivir in 

medicinal preparations 

o Calculating the quantities of nevirapine, 

lamivudine, and stavudine in tablets 

Examining remdesivir in various pharmaceutical 

formulations- Use cases: 

o Complex sample analysis 

o Separation and quantification of multi-component 

samples 

▪ Stability-indicating studies [5-6] 

parameters for validating a method 

Prior to the creation of analytical methods, method 

validation is an essential step that ensures the method 

is appropriate for its intended use. The following 

parameters are usually assessed during method 

validation: 

1. Specificity and Selectivity 

- When the moment comes. Specificity: The capacity 

of the method to identify the analyte of interest in the 

presence of other substances. 

- The method's selectivity is its capacity to 

differentiate between the analyte of interest and other 

compounds. 

- At the conclusion of the session Importance: Makes 

sure the technique is able to measure the analyte 

accurately without being affected by other elements. 

2. Linearity and Scope 

- Linearity: The methodology's capacity to generate 

results that are precisely proportionate to the 

concentration of the analyte. 
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- Range: The concentration range in which the 

technique is linear. 

- Importance: Guarantees the method's ability to 

precisely quantify the analyte across a spectrum of 

concentrations.3. Accuracy and Recovery Studies 

3. Accuracy: The degree of proximity between the 

measured value and the real value. 

- Recovery studies: Experiments that assess the 

method's ability to extract the analyte from a sample. 

- Significance: Verifies that the analyte may be 

measured by the technique with precision. 

4. Accuracy (Intermediate Precision, 

Repeatability) 

- Precision: The extent to which repeated 

measurements concur. 

- When Repeatability: The method's accuracy under 

the same circumstances. 

- Intermediate precision: The technique's accuracy 

across a range of circumstances (e.g., different 

analysts, instruments). 

- Importance: Guarantees the approach will yield 

consistent outcomes. 

❖ 5. LOD and LOQ 

- LOD (Limit of Detection): The lowest concentration 

of the analyte that may be found. 

 LOQ (Limit of Quantitation): The lowest amount of 

the analyte that may be measured quantitatively. 

Importance: Makes certain that the approach can 

identify and measure the analyte even at low levels. 

❖ 6. Resilience and Durability 

In a moment, the car will start. Resilience: The 

method's capacity to withstand minor adjustments to 

its parameters. 

Robustness: The technique's resilience to variations in 

environmental factors. 

 Significance: Guarantees that the method will 

produce consistent outcomes across varied settings. 

❖ 7. Testing System Suitability (SST) 

SST: A test that determines if the analytical system is 

appropriate for the application. 

 Importance: Makes certain that the analytical system 

is operating as it should and is capable of generating 

trustworthy results. [15–16-17-18] 

Recent developments and hybrid strategies 

In recent years, HPLC techniques have advanced, 

leading to notable improvements in the detection, 

identification, and quantification of process-related 

contaminants and degradants in medications. Some 

notable advancements are: 1 

✓ Ultra-High-Performance Liquid 

Chromatography (UHPLC): Offers superior 

resolution and sensitivity for improved separation 

of complex mixtures. 

✓ LC-MS/MS: Combines the separation 

capabilities of liquid chromatography with the 

sensitivity of mass spectrometry, providing 

improved trace impurity detection and 

identification. 

✓ High-Resolution Mass Spectrometry (HRMS): 

Facilitates the accurate quantification of analytes 

and full structural determination. 

✓ Diode-Array Detection (DAD): Improves the 

identification and quantification of analytes based 

on how well they absorb ultraviolet and visible 

light. 

✓ Innovations in Photodiode Array (PDA) 

detection and Diode Array Detection (DAD) 

✓ Spectral data from DAD and PDA detectors allow 

for the identification of analytes and the 

evaluation of peak purity.These detectors have 

greater sensitivity and selectivity for a variety of 

contaminants. 

❖ Green Analytical Chemistry Methods 
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❖  Eco-friendly solvents: The use of greener 

solvents minimizes environmental effect while 

enhancing impurity profiling and regulatory 

compliance. 

❖ Little HPLC systems: These systems make 

HPLC more ecologically friendly by using less 

solvent and producing less waste. 

❖  Improving UV methods to reduce waste: By 

optimizing UV detection methods, waste 

production can be minimized and the 

environmental impact of analytical methods can 

be lessened. 

❖ UV and HPLC Hybrid Methods 

HPLC-UV: Combines the separation capabilities 

of HPLC with the sensitivity of UV detection, 

allowing for the identification and quantification 

of analytes. 

HPLC-DAD: Combines HPLC with DAD, 

increasing analyte identification and 

quantification by providing spectral data. [7-8-9] 

The Obstacles to Creating Methods 

Due to a number of reasons, it might be difficult to 

develop methods for pharmaceutical analysis. Among 

the main obstacles are: 

1. Choosing the Right Method 

Selecting among chromatographic (HPLC, GC, 

UPLC), spectroscopic (UV, IR, NMR), or other 

analytical approaches. Maintaining a balance between 

cost, speed, specificity, and sensitivity. 

2. Issues Related to Samples 

The drug or analyte has low solubility. Instability 

(light, heat, or pH-sensitive compounds). Interference 

from excipients, contaminants, or biological matrices. 

3. Sensitivity & Specificity 

Ensuring that the procedure can detect very low 

concentrations (LOD, LOQ). Distinguishing the 

analyte from isomers, degradants, or closely related 

chemicals. 

4. Problems with Method Validation 

The adherence to regulatory standards (ICH, USP, 

FDA guidelines). Showing precision, accuracy, 

linearity, robustness, and reproducibility. 

5. Technical and instrumental restrictions 

Maintaining and calibrating instruments. In methods 

like LC-MS/MS, there are matrix effects. sssNot all 

analytes have universal detectors 

❖ 6. Time and Financial Constraints 

Creating a technique that is both dependable and 

affordable. Between comprehensive optimization and 

rapid outcomes, there must be a balance. 

❖ 7. Problems with Rules and Compliance 

Bringing procedures into compliance with 

pharmacopeial standards. reproducibility issues with 

the transfer of methods between labs. Requirements 

for audit and documentation. 

❖ 8. Considerations for the Environment and 

Safety 

The use of hazardous solvents such acetonitrile and 

chloroform. necessities for waste disposal and 

sustainability (green analytical chemistry). 

❖ 9. Analyte complexity 

Multicomponent formulas. The enantiomers are 

separated via chiral separation.large biomolecules 

(proteins, peptides, antibodies) that need sophisticated 

approaches. [10] 

❖ Interference from excipients in formulations 

❖ Interference from excipients: It can be difficult 

to create a robust method because excipients in 

pharmaceutical formulations can interfere with 

the examination of active pharmaceutical 

components (APIs). 

❖ - Method development should take into account 

the quantity and kind of excipients in the 

formulation. Approaches like HPLC can be 

improved upon to separate APIs from excipients. 
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I. The symbol for this is a circle. 

II. The stability of drugs during analysis 

III. Drug stability: The accuracy and precision of 

drug analysis can be impacted by the fact that 

some drugs are unstable. 

IV. The stability of the medication during analysis 

should be taken into account during method 

development. Drug degradation can be 

minimized by optimizing methods like HPLC. 

V. The sign reads as follows: 

❖  Regulatory Documentation Obstacles 

❖  Regulatory requirements: Regulatory bodies 

often demand a lot of documentation for method 

validation, which may be both time-consuming 

and complicated. 

I. - Method development should follow regulatory 

standards, and documentation should be complete 

and precise, according to the solution. 

II. Methods are transferable between labs. 

III. Method transferability: Due to variations in 

equipment, staff, or environmental 

circumstances, methods created in one lab may 

not be transferable to another. 

IV. The solution is to assess the transferability of 

methods during their development and validate 

them for use in a variety of labs. [11-12-13-14] 

❖ FUTURE PERSPECTIVES 

1. Quality by Design (QbD)-Based Method 

Development 

Focus on understanding method variables (critical 

method parameters, CMAs) and their impact on 

method performance. Uses risk assessment and 

Design of Experiments (DoE) for robust methods. 

1. Analytical Chemistry (GAC) that is Green 

The development of environmentally friendly 

techniques that use less hazardous solvents, produce 

less waste, and are energy efficient. 

2.Example: using supercritical fluid 

chromatography, water-based chromatography, and 

miniaturized devices 

3. Sophisticated & Hyphenated Methods 

CE–MS, LC–NMR, GC–MS, and LC–MS/MS for 

increased sensitivity and selectivity. 

multidimensional chromatography (2D-LC) for 

complicated mixtures. 

4. High-throughput screening and automation 

(HTS) 

robot-based systems for quick sample preparation and 

analysis. Parallel testing of many conditions for 

quicker technique optimization. 

5. Real-Time Analytical Technologies (PAT & 

RTRT) 

real-time monitoring during production using Process 

Analytical Technology (PAT). The need for end-

product testing is lessened by Real-Time Release 

Testing (RTRT). 

6. Methods Using Computers and In Silico 

Utilizing chemometrics, machine learning, and 

artificial intelligence to forecast chromatographic 

behavior, improve conditions, and lessen trial-and-

error. 

7. Smaller size & portable devices 

The creation of lab-on-a-chip devices based on 

microfluidics. Handheld spectroscopic instruments 

(Raman, NIR) for use in on-site and field testing. 

8. Management of the Analytical Method Life 

Cycle (AMLM) 

Ongoing surveillance, re-validation, and revision of 

analytical methodologies during the course of a 

product's lifespan. Prioritize the transferability of 

methods between labs. Emphasis on method 

transferability between labs. Future perspectives in 

pharmaceutical analysis are evolving rapidly, driven 

by advances in technology and the need for more 

efficient, sustainable, and accurate methods. Some 

key trends include: 
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 Integration with Chemometric Analysis: 

Chemometrics, a field that combines chemical 

data analysis with statistical and mathematical 

techniques, is increasingly being integrated with 

analytical methods like HPLC and UV 

spectroscopy. This integration enables 

researchers to extract more meaningful insights 

from complex data sets, improving the analysis of 

pharmaceutical compounds. 

 Development of Rapid, Portable UV and HPLC 

Devices: Portable analytical devices are being 

developed to enable rapid, on-site analysis of 

pharmaceuticals. These devices can provide real-

time results, improving the efficiency of 

pharmaceutical analysis and enabling faster 

decision-making. 

 Artificial Intelligence in Method Optimization: 

Artificial intelligence (AI) and machine learning 

(ML) are being applied to optimize analytical 

methods, such as HPLC and UV spectroscopy. AI 

can help predict optimal experimental conditions, 

reducing the time and resources required for 

method development. 

 Trends toward Sustainable "Green" Methods: 

There is a growing trend toward developing 

sustainable and environmentally friendly 

analytical methods. This includes the use of eco-

friendly solvents, miniaturized HPLC systems, 

and UV method optimization to reduce waste. 

Green analytical chemistry aims to minimize the 

environmental impact of analytical techniques 

while maintaining their effectiveness. 

 Some specific examples of these trends include: 

 HPLC-UV Method Development: Researchers 

have developed HPLC-UV methods for 

monitoring the synthesis of active pharmaceutical 

ingredients (APIs) and quantifying 

pharmaceutical compounds in various matrices. 

 Stability-Indicating HPLC Methods: Stability-

indicating HPLC methods have been developed 

for analyzing pharmaceutical compounds, 

enabling the detection of degradation products 

and impurities. 

 UV Spectroscopy: UV spectroscopy is being used 

for the quantification of pharmaceutical 

compounds, offering a simple and rapid analytical 

technique. [19-20-21] 

CONCLUSION 

Analytical method development and validation are 

vital for ensuring the quality and safety of 

pharmaceutical products. While traditional techniques 

like UV spectroscopy and HPLC continue to play a 

central role, modern advances and regulatory 

expectations demand more sensitive, accurate, and 

eco-friendly approaches. The main challenges include 

balancing cost with performance, ensuring method 

transferability, and meeting global regulatory 

standards. Looking ahead, the integration of QbD, 

artificial intelligence, real-time monitoring, and 

sustainable practices will reshape the future of 

pharmaceutical analysis, leading to more efficient and 

reliable methods that support drug innovation and 

patient safety. 
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