
IAJPS 2026, 13 (05), 357-368                         Jay O. Ingale et al                           ISSN 2349-7750 

 

 
w w w . i a j p s . c o m  

 

Page 357 

                                                        
           

          CODEN [USA]: IAJPBB                                      ISSN : 2349-7750 

 

          INDO AMERICAN JOURNAL OF 

   PHARMACEUTICAL SCIENCES 
       SJIF Impact Factor: 7.187 

       https://doi.org/10.5281/zenodo.20415359      

                                                       
Available online at: http://www.iajps.com                                                                        Review Article 

 

METHOD DEVELOPMENT AND VALIDATION OF 

ANTIDIABETIC DRUG METFORMIN HYDROCHLORIDE 

BY UV SPECTROSCOPY 
Jay O. Ingale1*, Pankaj P. Jadhao2, Suhani H. Jadhao3, Nitin A. Chandekar4,  

Dr. M. D. Kitukale5 

1-3Student, P. Wadhwani College of Pharmacy, Yavatmal, Maharahshtra 
4Guide & Associate Professor, P. Wadhwani College of Pharmacy, Yavatmal, Maharahshtra 

5Principal, P. Wadhwani College of Pharmacy, Yavatmal, Maharahshtra 

Abstract: 

The present review focuses on the development and validation of UV-visible spectrophotometric methods used 

in pharmaceutical analysis for quantitative estimation of pharmaceutical compounds. UV spectroscopy is one of 

the most widely employed analytical techniques because of its simplicity, rapidity, accuracy, precision, 

sensitivity, and cost-effectiveness. The review highlights the principles, instrumentation, analytical method 

development, and validation parameters according to ICH guidelines, including accuracy, precision, specificity, 

robustness, ruggedness, limit of detection (LOD), and limit of quantitation (LOQ). Various applications of UV 

spectroscopy in pharmaceutical analysis such as assay determination, dissolution studies, stability studies, drug 

interaction studies, and multicomponent analysis are also discussed. The review further summarizes the 

advantages and limitations of UV-visible spectroscopy and emphasizes its importance in routine quality control 
and pharmaceutical research laboratories. 
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INTRODUCTION: 

Metformin is one of the most widely prescribed 

oral antidiabetic drugs used for the management of 

Type 2 diabetes mellitus. The increasing 

prevalence of diabetes throughout the world has 
created a significant demand for effective 

pharmaceutical formulations and reliable analytical 

methods for quality control and therapeutic 

monitoring. In pharmaceutical analysis, the 

development and validation of analytical methods 

are essential to ensure the identity, purity, potency, 

safety, and efficacy of drug substances and dosage 

forms. Among the various analytical techniques 

available, UV-visible spectroscopy has emerged as 

one of the most commonly employed instrumental 

methods because of its simplicity, rapidity, 

precision, and cost-effectiveness. 
Analytical chemistry is a specialized branch of 

science concerned with the qualitative and 

quantitative determination of chemical substances 

using advanced analytical techniques and 

sophisticated instrumentation. It plays a vital role in 

pharmaceutical industries, research laboratories, 

and quality control departments for the evaluation 

of raw materials, intermediates, and finished 

pharmaceutical products. Analytical methods are 

designed to provide accurate and reproducible 

results that help maintain the quality and safety of 
pharmaceutical preparations. Instrumental 

analytical techniques such as UV-visible 

spectroscopy, High Performance Liquid 

Chromatography (HPLC), High Performance Thin 

Layer Chromatography (HPTLC), and Liquid 

Chromatography–Mass Spectrometry (LC-MS) are 

extensively used for drug analysis and validation 

studies. 

Among these techniques, UV-visible spectroscopy 

is widely preferred for routine pharmaceutical 

analysis because it is economical, sensitive, non-

destructive, and easy to operate. The technique is 
based on the absorption of ultraviolet or visible 

radiation by molecules, leading to electronic 

transitions within the compound. UV spectroscopy 

is particularly useful in the estimation of drugs 

containing chromophoric groups capable of 

absorbing radiation in the UV-visible region. Due 

to its simplicity and rapid analytical performance, 

UV spectroscopy has become an important tool for 

method development and validation of 

pharmaceutical compounds including antidiabetic 

drugs. 
Method development is an important step in 

pharmaceutical analysis that involves the selection 

and optimization of analytical parameters to obtain 

accurate, precise, sensitive, and reproducible 

results. Analytical method validation confirms that 

the developed method is suitable for its intended 

purpose and consistently produces reliable results. 

According to International Council for 

Harmonisation (ICH) guidelines, validation 

parameters generally include accuracy, precision, 

linearity, specificity, robustness, ruggedness, limit 

of detection (LOD), and limit of quantitation 

(LOQ). Validation studies are essential in ensuring 

the quality, safety, and regulatory compliance of 
pharmaceutical products. 

The present review focuses on the method 

development and validation of Metformin 

Hydrochloride using UV-visible spectroscopy. The 

review summarizes the principles, instrumentation, 

applications, and analytical approaches employed 

in UV spectrophotometric estimation of Metformin 

Hydrochloride in bulk drugs and pharmaceutical 

dosage forms. It also highlights the importance of 

validated analytical methods in pharmaceutical 

quality control and routine analysis. 

INTRODUCTION OF ANTIDIABETIC 

DRUGS 

Antidiabetic drugs are pharmacological agents used 

for the treatment and management of diabetes 

mellitus, a chronic metabolic disorder characterized 

by elevated blood glucose levels resulting from 

defects in insulin secretion, insulin action, or both. 

Diabetes mellitus affects the metabolism of 

carbohydrates, fats, and proteins and may lead to 

severe long-term complications such as 

cardiovascular diseases, nephropathy, neuropathy, 

retinopathy, and diabetic foot disorders if not 
adequately controlled. The global burden of 

diabetes has increased dramatically over recent 

decades due to changes in lifestyle, dietary habits, 

obesity, and reduced physical activity. 

Diabetes mellitus is broadly classified into several 

categories including Type 1 diabetes mellitus, Type 

2 diabetes mellitus, gestational diabetes mellitus, 

and other specific forms associated with genetic 

abnormalities or pancreatic disorders. Among 

these, Type 2 diabetes mellitus is the most 

prevalent form and is primarily associated with 

insulin resistance and impaired pancreatic β-cell 
function. Effective management of diabetes 

requires continuous monitoring of blood glucose 

levels along with appropriate pharmacological and 

non-pharmacological interventions. 

The primary objective of antidiabetic therapy is to 

maintain normal blood glucose concentration, 

improve insulin sensitivity, reduce insulin 

resistance, and prevent or delay diabetic 

complications. Antidiabetic drugs exert their 

therapeutic action through different mechanisms 

such as stimulation of insulin secretion, reduction 
of hepatic glucose production, enhancement of 

peripheral glucose uptake, inhibition of intestinal 

glucose absorption, and improvement of incretin 

activity. 

Antidiabetic agents are mainly classified into 

insulin preparations, oral hypoglycemic agents, and 

injectable non-insulin therapies. Oral antidiabetic 

drugs include biguanides, sulfonylureas, 

meglitinides, thiazolidinediones, alpha-glucosidase 
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inhibitors, DPP-4 inhibitors, and SGLT2 inhibitors. 

Injectable therapies include insulin analogs and 

glucagon-like peptide-1 (GLP-1) receptor agonists. 

Combination therapies containing two or more 

antidiabetic agents are also widely used to achieve 
better glycemic control. 

Among the available oral hypoglycemic agents, 

Metformin Hydrochloride is considered the first-

line drug for the treatment of Type 2 diabetes 

mellitus. It belongs to the biguanide class and 

primarily acts by reducing hepatic gluconeogenesis, 

enhancing peripheral glucose utilization, and 

improving insulin sensitivity without significantly 

stimulating insulin secretion. Due to its efficacy, 

safety profile, affordability, and lower risk of 

hypoglycemia, Metformin is extensively prescribed 

either alone or in combination with other 
antidiabetic drugs. 

The extensive therapeutic use of Metformin 

Hydrochloride has created a growing need for 

reliable analytical methods for its qualitative and 

quantitative estimation in pharmaceutical 

formulations. Several analytical techniques 

including UV spectrophotometry, HPLC, HPTLC, 

and LC-MS have been developed for the analysis 

of Metformin Hydrochloride in bulk drugs and 

dosage forms. Among these methods, UV 

spectrophotometric techniques are widely preferred 
because they are simple, rapid, accurate, 

economical, and suitable for routine quality control 

analysis in pharmaceutical industries. 

Numerous research studies have reported validated 

UV spectrophotometric methods for the estimation 

of Metformin Hydrochloride either alone or in 

combination with other antidiabetic drugs. These 

methods are generally validated according to ICH 

guidelines with respect to linearity, accuracy, 

precision, robustness, specificity, LOD, and LOQ. 

Therefore, the development and validation of UV 

spectrophotometric methods play an important role 
in ensuring the quality, efficacy, and safety of 

antidiabetic pharmaceutical formulations. 

TYPES OF DIABETES MELLITUS 

Type 1 Diabetes Mellitus 

Type 1 diabetes mellitus is an autoimmune disorder 

in which the body’s immune system attacks and 

destroys the insulin-producing β-cells of the 

pancreas. As a result, little or no insulin is 

produced, leading to elevated blood glucose levels. 

This condition commonly occurs in children and 

young adults, although it may develop at any age. 
Patients with Type 1 diabetes require lifelong 

insulin therapy for survival and glycemic control. 

Type 2 Diabetes Mellitus 

Type 2 diabetes mellitus is the most common form 

of diabetes and is mainly associated with insulin 

resistance and impaired insulin secretion. In this 

condition, the body is unable to utilize insulin 

effectively, and over time the pancreas fails to 

produce sufficient insulin to maintain normal 

glucose levels. Obesity, sedentary lifestyle, genetic 

predisposition, and unhealthy dietary habits are 

major risk factors for Type 2 diabetes mellitus. 

Gestational Diabetes Mellitus 

Gestational diabetes develops during pregnancy 
due to hormonal changes that impair glucose 

metabolism and insulin action. Although blood 

glucose levels generally return to normal after 

childbirth, women with gestational diabetes are at a 

higher risk of developing Type 2 diabetes later in 

life. Proper glycemic control during pregnancy is 

important to prevent maternal and fetal 

complications. 

Prediabetes 

Prediabetes is a metabolic condition in which blood 

glucose levels are higher than normal but not 

sufficiently elevated to be classified as diabetes 
mellitus. Individuals with prediabetes have an 

increased risk of developing Type 2 diabetes and 

cardiovascular diseases if lifestyle modifications 

are not adopted. 

Other Specific Types of Diabetes 

Certain rare forms of diabetes may result from 

genetic mutations, pancreatic disorders, endocrine 

abnormalities, cystic fibrosis, pancreatitis, 

pancreatic surgery, or drug-induced conditions. 

Monogenic diabetes is caused by mutations in a 

single gene affecting insulin production or 
function. 

CAUSES OF DIABETES 

Type 1 diabetes is mainly caused by autoimmune 

destruction of pancreatic β-cells responsible for 

insulin production. Genetic susceptibility and 

environmental factors are believed to contribute to 

the development of the disease. 

Type 2 diabetes is primarily associated with insulin 

resistance, obesity, lack of physical activity, 

unhealthy dietary patterns, and hereditary factors. 

Over time, pancreatic β-cells become unable to 

compensate for increased insulin demand, leading 
to hyperglycemia. 

Gestational diabetes occurs due to hormonal 

changes during pregnancy that interfere with 

insulin activity and glucose metabolism. Other 

forms of diabetes may arise from pancreatic 

diseases, genetic defects, endocrine disorders, 

infections, or certain medications. 

MECHANISM OF ACTION OF METFORMIN 

HYDROCHLORIDE 

Metformin primarily acts by reducing hepatic 

glucose production through inhibition of 
gluconeogenesis in the liver. It decreases fasting 

plasma glucose levels and improves insulin 

sensitivity in peripheral tissues such as skeletal 

muscles and adipose tissues. The drug also 

enhances glucose uptake and utilization by 

peripheral cells and decreases intestinal absorption 

of glucose. 

Unlike sulfonylureas and other insulin 

secretagogues, Metformin does not significantly 
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stimulate insulin release from pancreatic β-cells, 

thereby minimizing the risk of hypoglycemia. In 

addition to its antidiabetic action, Metformin 

exhibits beneficial effects on lipid metabolism by 

modestly reducing triglycerides and low-density 
lipoprotein (LDL) cholesterol levels. These 

pharmacological properties make Metformin an 

effective and widely accepted first-line therapy for 

Type 2 diabetes mellitus. 

COMMON SIGNS AND SYMPTOMS OF 

DIABETES 

The common clinical manifestations of diabetes 

mellitus include frequent urination (polyuria), 

excessive thirst (polydipsia), increased hunger 

(polyphagia), unexplained weight loss, fatigue, 

weakness, blurred vision, delayed wound healing, 

recurrent infections, and numbness or tingling 
sensations in the hands and feet. Persistent 

hyperglycemia may progressively damage blood 

vessels and nerves, leading to severe chronic 

complications if not properly managed. 

CLASSIFICATION OF ANTIDIABETIC 

DRUGS 

1. Insulin Preparations 

Insulin preparations are used mainly in Type 1 

diabetes mellitus and advanced cases of Type 2 

diabetes mellitus. These are classified as rapid-

acting, short-acting, intermediate-acting, and long-
acting insulin formulations based on their onset and 

duration of action. 

2. Oral Antidiabetic Drugs 

Oral antidiabetic drugs are commonly prescribed 

for the management of Type 2 diabetes mellitus. 

These include: 

Biguanides: Metformin 

Sulfonylureas: Glimepiride, Glibenclamide 

Meglitinides: Repaglinide 

Thiazolidinediones: Pioglitazone 

Alpha-glucosidase inhibitors: Acarbose, Miglitol 

DPP-4 inhibitors: Sitagliptin, Vildagliptin 
SGLT2 inhibitors: Empagliflozin, Dapagliflozin 

3. Injectable Non-Insulin Drugs 

These include GLP-1 receptor agonists such as 

Liraglutide and Semaglutide, as well as amylin 

analogues like Pramlintide. 

4. Combination Therapy 

Combination formulations containing two or more 

antidiabetic agents are widely used to improve 

therapeutic efficacy and glycemic control in 

diabetic patients. 

UV–VISIBLE SPECTROSCOPY 

Spectroscopy is an important analytical technique 

used for qualitative and quantitative analysis of 

chemical substances. The science of spectroscopy 

originated from the studies of Isaac Newton, who 

demonstrated the dispersion of light using a prism. 
Later developments by scientists such as James 

Clerk Maxwell expanded the understanding of 

electromagnetic radiation and its interaction with 

matter. 

UV-visible spectroscopy involves the study of 

absorption or transmission of ultraviolet and visible 

radiation by chemical compounds. When 

electromagnetic radiation interacts with matter, 

energy may be absorbed or emitted in discrete 

quantities known as quanta. The absorption of 

radiation causes excitation of electrons from lower 

energy states to higher energy states within 
molecules. These electronic transitions form the 

basis of molecular spectroscopy. 

UV-visible spectroscopy is widely employed in 

pharmaceutical analysis because many drug 

molecules contain chromophoric groups capable of 

absorbing radiation in the ultraviolet or visible 

region. The technique is simple, rapid, accurate, 

economical, and highly suitable for routine analysis 

of pharmaceutical formulations. It is extensively 

used for drug identification, assay determination, 

dissolution studies, stability studies, and quality 
control analysis. 

PRINCIPLE OF UV–VISIBLE 

SPECTROSCOPY 

The principle of UV-visible spectroscopy is based 

on the absorption of ultraviolet or visible radiation 

by molecules, resulting in electronic excitation. 

When a beam of electromagnetic radiation passes 

through a sample solution, specific wavelengths are 

absorbed by the molecules depending on their 

electronic structure. Absorption occurs when the 

energy of the incident radiation matches the energy 

difference between the ground state and excited 
state of electrons. 

An electronic transition occurs when electrons 

absorb energy and move from lower energy orbitals 

to higher energy orbitals. This transition produces 

an absorption spectrum characteristic of the 

compound under investigation. The amount of 

absorbed radiation is directly proportional to the 

concentration of the absorbing species according to 

Beer-Lambert’s law. The Beer-Lambert law forms 

the theoretical basis for quantitative estimation of 

pharmaceutical compounds using UV-visible 
spectrophotometry. 
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Fig.1: Describes the excitation of an electron from its ground state to its excited state. 

This is the fundamental concept of molecular spectroscopy. 

INSTRUMENTATION OF UV–VISIBLE SPECTROPHOTOMETER 

A UV-visible spectrophotometer consists of several essential components including a source of radiation, 

monochromator, sample holder, detector, and recording system. 

Source of Radiation 

The radiation source should provide stable, continuous, and high-intensity light over the wavelength range of 

200–800 nm. Commonly used light sources include hydrogen discharge lamps, deuterium lamps, xenon lamps, 

and mercury arc lamps. Deuterium lamps are generally used for the ultraviolet region, while tungsten lamps are 

commonly employed for visible light analysis. 

 

Fig.2:  Diagram of UV-visible spectrophotometer with instrumentation 

Monochromator 

The monochromator is used to isolate monochromatic light from polychromatic radiation. It contains optical 

components such as prisms, diffraction gratings, mirrors, and slits. Monochromators improve wavelength 

selection and analytical accuracy by allowing only a narrow range of wavelengths to pass through the sample. 

Prism Monochromator 
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Prism monochromators separate light based on refraction and are commonly classified into single-pass and 

double-beam monochromators. 

Grating Monochromator 

Grating monochromators contain a large number of parallel grooves on reflective surfaces that disperse light 

into its component wavelengths with high precision and resolution. 

 

Fig.3: Monocromator 

Sample Cells or Cuvettes 

Sample cells are used to hold liquid samples during analysis. Quartz or fused silica cuvettes are employed for 

UV-region studies because ordinary glass absorbs ultraviolet radiation. The cuvettes should be clean and free 

from scratches or fingerprints to ensure accurate absorbance measurements. 

Detectors 

Detectors convert transmitted light energy into electrical signals that are amplified and displayed by the 

instrument. Commonly used detectors include photovoltaic cells, phototubes, and photomultiplier tubes. 

Photomultiplier tubes are highly sensitive and widely used in modern UV-visible spectrophotometers. 

 

Fig.4: Diagram of phototube photon detector 

ANALYTICAL METHOD DEVELOPMENT 

Analytical method development is a systematic and 

scientific process used to establish a reliable, 

accurate, precise, and reproducible analytical 
procedure for the qualitative and quantitative 

estimation of pharmaceutical compounds. In 

pharmaceutical analysis, method development 

plays a significant role in ensuring the identity, 

purity, potency, safety, and quality of 

pharmaceutical substances and dosage forms. The 

development of a UV-visible spectrophotometric 
method involves careful optimization of several 

analytical parameters such as solvent selection, 

wavelength determination, preparation of standard 
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solutions, concentration range, and instrumental 

conditions. 

The primary objective of analytical method 

development is to achieve maximum analytical 

response with minimum interference from 
excipients, impurities, solvents, or degradation 

products. A properly developed analytical method 

should obey Beer-Lambert’s law and provide 

consistent absorbance values over the selected 

concentration range. UV-visible spectroscopy is 

widely employed in pharmaceutical analysis 

because it is simple, rapid, economical, sensitive, 

and suitable for routine quality control analysis. 

SELECTION OF SOLVENT 

Selection of an appropriate solvent is one of the 

most important steps in UV spectrophotometric 

method development. The selected solvent should 
effectively dissolve the analyte, maintain solution 

stability, and exhibit minimal absorbance within 

the selected ultraviolet wavelength region. In 

addition, the solvent should be chemically inert and 

should not interfere with absorbance measurements 

during analysis. 

Organic solvents such as methanol and ethanol are 

commonly used in UV spectroscopy because they 

provide excellent solubility and high UV 

transparency. Distilled water is also widely used 

either alone or in combination with organic 
solvents for preparation of analytical solutions. 

Methanol is frequently preferred as an analytical 

solvent due to its: 

 Excellent UV transparency 

 Good solubility characteristics 

 Stability of prepared solutions 

 Easy availability and low cost 

 Compatibility with UV-visible 

spectrophotometric analysis 

The selected solvent system should produce a clear, 

stable, and particle-free solution without 
precipitation or turbidity, ensuring accurate and 

reproducible spectrophotometric measurements. 

SELECTION OF WAVELENGTH (λmax) 

Selection of the wavelength of maximum 

absorbance (λmax) is a critical parameter in UV 

spectrophotometric analysis because it provides 

maximum sensitivity and analytical response. The 

λmax is defined as the wavelength at which the 

analyte exhibits maximum absorbance due to 

electronic transitions within the molecule. 

For determination of λmax, the standard solution is 

scanned over a suitable wavelength range, 

generally between 200–400 nm, using a UV-visible 

spectrophotometer. The absorption spectrum 

obtained during scanning is carefully analyzed, and 
the wavelength showing maximum absorbance is 

selected for further quantitative analysis. 

Scanning at λmax offers several advantages 

including: 

 Higher analytical sensitivity 

 Improved accuracy and precision 

 Better compliance with Beer-Lambert’s 

law 

 Reduced analytical error 

 Enhanced reproducibility 

The absorption of ultraviolet radiation occurs due 
to the presence of chromophoric groups capable of 

undergoing electronic transitions when exposed to 

UV light. The selected wavelength should produce 

sharp, stable, and reproducible absorbance peaks 

suitable for quantitative estimation. 

PREPARATION OF STANDARD SOLUTION 

Preparation of standard stock solution is an 

essential step in analytical method development 

because the accuracy of the entire analysis depends 

upon correct preparation of analytical solutions. 

The stock solution should be prepared using 

accurately weighed quantities of analyte and 
suitable solvent systems. 

Generally, a specific quantity of analyte is 

accurately weighed and transferred into a 

volumetric flask. The selected solvent is added to 

dissolve the analyte completely, and sonication 

may be employed to remove air bubbles and 

facilitate complete dissolution. The final volume is 

adjusted using the same solvent to obtain the 

desired stock concentration. 

The prepared stock solution is further diluted 

appropriately to obtain working standard solutions 
within the selected concentration range for 

calibration and validation studies. 

The prepared solutions should be: 

 Clear and transparent 

 Stable during analysis 

 Free from particulate matter 

 Suitable for accurate absorbance 

measurements 

Preparation of Standard Solutions 

Solution Type Procedure 

Stock Solution Prepared by dissolving accurately weighed analyte in suitable solvent 

Working Standard Solution Prepared by dilution of stock solution 

Purpose Calibration and validation studies 

 

 

 

 

 

 



IAJPS 2026, 13 (05), 357-368                         Jay O. Ingale et al                           ISSN 2349-7750 

 

 
w w w . i a j p s . c o m  

 

Page 364 

OPTIMIZATION OF ANALYTICAL 

CONDITIONS 

Optimization of analytical conditions is necessary 

to obtain maximum analytical performance, 

sensitivity, and reproducibility. During method 
development, different analytical parameters are 

carefully evaluated and optimized to achieve 

reliable spectrophotometric analysis. 

The optimization process generally includes: 

 Selection of suitable solvent system 

 Determination of optimum wavelength 

 Selection of concentration range 

 Optimization of scanning conditions 

 Elimination of solvent interference 

 Adjustment of instrumental settings 

The optimized analytical conditions should 
provide: 

 Stable baseline spectra 

 Sharp absorbance peaks 

 Good linearity 

 Minimal analytical interference 

 High reproducibility and sensitivity 

Proper optimization ensures that the developed 

analytical method produces consistent and reliable 

analytical results suitable for routine 

pharmaceutical quality control analysis. 

SELECTION OF CONCENTRATION RANGE 
Selection of an appropriate concentration range is 

important for obtaining accurate and linear 

absorbance responses according to Beer-Lambert’s 

law. The selected range should demonstrate 

proportionality between concentration and 

absorbance without deviation from linearity. 

During method development, different 

concentrations are prepared and analyzed to 

identify the concentration range that produces 

linear absorbance values. The selected 

concentration range should provide: 

 Good linearity 

 Reliable calibration curve 

 Accurate quantitative estimation 

 Reproducible absorbance values 

The concentration range selected for analysis 

should comply with Beer-Lambert’s law and 

produce a reliable calibration curve suitable for 

routine quantitative estimation. 

INSTRUMENTAL PARAMETERS 

Instrumental parameters significantly influence the 

accuracy, sensitivity, and reproducibility of UV 
spectrophotometric analysis. Proper optimization of 

spectrophotometer settings minimizes instrumental 

errors and ensures reliable analytical performance. 

A UV-visible spectrophotometer equipped with 

scanning software and quartz cuvettes is generally 

employed for spectrophotometric analysis. Quartz 

cuvettes with 1 cm path length are preferred 

because they efficiently transmit ultraviolet 

radiation without absorbing UV light. 

 

 

Instrumental Conditions Used 

Parameter Condition 

Instrument Double-beam UV-Visible 

Spectrophotometer 

Wavelength 

Range 

200–400 nm 

Cuvette Type Quartz cuvette 

Path Length 1 cm 

Scan Mode Absorbance mode 

Solvent System Suitable UV-transparent solvent 

Optimized instrumental conditions provide stable 

absorbance readings, excellent sensitivity, sharp 
spectral peaks, and reproducible analytical results 

suitable for routine pharmaceutical analysis and 

quality control applications. 

METHOD VALIDATION PARAMETERS 

ACCORDING TO ICH GUIDELINES 

Analytical method validation is a systematic 

process used to confirm that an analytical 

procedure is suitable for its intended purpose. 

Validation ensures that the developed analytical 

method provides accurate, precise, reliable, and 

reproducible results during routine pharmaceutical 
analysis. According to International Council for 

Harmonisation (ICH) guidelines, validation of UV-

visible spectrophotometric methods includes 

evaluation of parameters such as accuracy, 

precision, specificity, robustness, ruggedness, limit 

of detection (LOD), and limit of quantitation 

(LOQ). 

Method validation is essential in pharmaceutical 

industries and quality control laboratories because 

it establishes the reliability and consistency of 

analytical results. A validated UV 

spectrophotometric method ensures proper 
quantitative estimation of pharmaceutical 

compounds in bulk drugs and dosage forms. 

ACCURACY 

Accuracy is defined as the closeness of agreement 

between the experimentally obtained result and the 

true value. It indicates the correctness and 

reliability of the analytical method. Accuracy is 

commonly determined by recovery studies in which 

known quantities of analyte are added to pre-

analyzed samples and the percentage recovery is 

calculated. 
Recovery studies are generally performed at 

different concentration levels such as 80%, 100%, 

and 120% of the target concentration. The 

percentage recovery values close to 100% indicate 

that the analytical method is accurate and free from 

interference due to excipients or formulation 

additives. The obtained recovery values indicate 

good accuracy and suitability of the developed 

analytical method for quantitative estimation. 

PRECISION 

Precision refers to the degree of agreement among 

a series of measurements obtained from multiple 
analysis of the same homogeneous sample under 
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specified conditions. It demonstrates the 

reproducibility and consistency of the analytical 

procedure. 

Precision is usually expressed as percentage 

relative standard deviation (%RSD). Low %RSD 
values indicate good precision and reproducibility 

of the analytical method. Precision studies are 

generally categorized into: 

 Repeatability 

 Intraday precision 

 Interday precision 

Repeatability 

Repeatability evaluates the precision obtained 

under the same operating conditions over a short 

time interval. The same concentration is analyzed 

repeatedly, and the absorbance values are recorded 
to determine consistency of analytical results. 

Low %RSD values obtained during repeatability 

studies indicate excellent reproducibility of the 

analytical method. 

Intraday Precision 

Intraday precision evaluates variations in analytical 

results obtained within the same day. Multiple 

analyses are performed at different time intervals 

under identical experimental conditions, and the 

obtained absorbance values are statistically 

analyzed. 

Interday Precision 
Interday precision determines the reproducibility of 

analytical results obtained on different days. The 

same concentrations are analyzed over several 

days, and the consistency of results confirms long-

term reliability of the analytical method. 

SPECIFICITY 

Specificity is the ability of an analytical method to 

accurately measure the analyte in the presence of 

impurities, degradation products, excipients, or 

other interfering substances. A specific analytical 

method should selectively estimate the analyte 
without interference from formulation components. 

Specificity is generally evaluated by analyzing 

blank solutions, placebo solutions, and standard 

analyte solutions under optimized analytical 

conditions. Absence of interfering absorbance 

peaks at the selected wavelength confirms the 

specificity of the analytical method. The obtained 

results indicate that the analytical method is 

specific and selective for quantitative analysis. 

ROBUSTNESS 

Robustness is the ability of an analytical method to 

remain unaffected by small and deliberate 
variations in experimental parameters. It indicates 

the reliability and stability of the method during 

normal laboratory conditions. 

Robustness studies are performed by introducing 

slight changes in analytical parameters such as 

wavelength, solvent composition, and scanning 

conditions. The effect of these variations on 

absorbance values and analytical performance is 

then evaluated. 

The developed UV spectrophotometric method 

showed no significant changes in analytical results 

after minor variations in experimental conditions, 

confirming acceptable robustness.. 

RUGGEDNESS 
Ruggedness refers to the reproducibility of 

analytical results obtained under different 

conditions such as different analysts, instruments, 

laboratories, or environmental conditions. It 

confirms the reliability of the analytical procedure 

during normal laboratory operations. 

Ruggedness studies are generally carried out by 

performing analysis using different analysts or 

instruments under identical experimental 

conditions. The obtained results are statistically 

evaluated to determine reproducibility. The low 

%RSD values indicate acceptable ruggedness and 
reproducibility of the analytical method. 

LIMIT OF DETECTION (LOD) 

Limit of Detection (LOD) is the lowest 

concentration of analyte that can be detected by the 

analytical method but not necessarily quantified 

accurately. It represents the sensitivity of the 

analytical procedure. Lower LOD values indicate 

higher sensitivity of the analytical method. 

LIMIT OF QUANTITATION (LOQ) 

Limit of Quantitation (LOQ) is the lowest 

concentration of analyte that can be quantitatively 
estimated with acceptable accuracy and precision. 

It indicates the quantitative sensitivity of the 

analytical method. Lower LOQ values indicate 

better quantitative capability and suitability of the 

analytical method for trace level estimation. 

SIGNIFICANCE OF METHOD VALIDATION 

Validation of UV-visible spectrophotometric 

methods according to ICH guidelines confirms that 

the developed analytical procedure is reliable, 

accurate, precise, reproducible, and suitable for 

routine pharmaceutical quality control analysis. A 

properly validated analytical method ensures 
consistency of analytical results and supports 

regulatory compliance in pharmaceutical industries 

and research laboratories. 

APPLICATIONS OF UV SPECTROSCOPY IN 

PHARMACEUTICAL ANALYSIS 

1. UV spectroscopy is widely used for assay 

determination of pharmaceutical 

compounds in bulk drugs and dosage 

forms. 

2. It is extensively employed in quantitative 

estimation of analytes based on Beer-
Lambert’s law. 

3. UV spectroscopy is used in dissolution 

studies to evaluate the rate and extent of 

drug release from pharmaceutical 

formulations. 

4. It is applied in stability studies to 

determine the effect of temperature, light, 

humidity, and pH on pharmaceutical 

compounds. 
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5. The technique is useful in drug interaction 

studies for detecting incompatibilities 

between active ingredients and excipients. 

6. UV spectroscopy is employed in 

multicomponent analysis for simultaneous 
estimation of two or more compounds in 

combined dosage forms. 

7. It is used for routine quality control 

analysis in pharmaceutical industries and 

research laboratories. 

8. The technique is useful in identification of 

compounds through absorption spectra 

and wavelength determination. 

9. UV spectroscopy is widely applied in 

dissolution profile comparison and 

formulation development studies. 

10. It is also used in biochemical and clinical 
analysis including estimation of proteins, 

nucleic acids, and enzymes. 

ADVANTAGES OF UV SPECTROSCOPY 

1. UV spectroscopy is a simple analytical 

technique that requires minimal sample 

preparation and easy instrument operation. 

2. The method provides rapid analysis and 

produces analytical results within a short 

period of time. 

3. It is an economical analytical technique 

compared to advanced chromatographic 
methods. 

4. UV spectroscopy provides accurate and 

precise analytical results when properly 

validated. 

5. The technique is generally non-

destructive, allowing recovery of the 

sample after analysis. 

6. It offers good sensitivity for detection and 

estimation of pharmaceutical compounds. 

7. UV spectroscopy requires only a small 

quantity of sample for analysis. 

8. The method is suitable for routine quality 
control analysis in pharmaceutical 

laboratories. 

9. It can be used for both qualitative and 

quantitative analysis of compounds. 

10. The technique is widely applicable for 

analysis of bulk drugs, formulations, and 

biological samples. 

LIMITATIONS OF UV SPECTROSCOPY 

1. UV spectroscopy is less selective than 

chromatographic techniques such as 

HPLC. 
2. Interference from excipients, impurities, 

or degradation products may affect 

analytical accuracy. 

3. The technique requires the presence of 

chromophoric groups capable of absorbing 

UV radiation. 

4. Compounds having overlapping spectra 

may be difficult to analyze accurately. 

5. UV spectroscopy provides limited 

structural information about the analyte. 

6. Solvent impurities may interfere with 

absorbance measurements. 

7. The sensitivity of UV spectroscopy is 
lower compared to advanced techniques 

such as LC-MS. 

8. The technique may not be suitable for 

trace-level analysis of highly complex 

samples. 

9. Variations in pH and solvent composition 

may affect absorbance values. 

10. Careful calibration and validation are 

required to obtain reliable analytical 

results. 

SUMMARY: 

The present review provides a comprehensive 
overview of UV-visible spectrophotometric 

methods employed in pharmaceutical analysis for 

method development and validation. UV 

spectroscopy is an important analytical technique 

widely used for qualitative and quantitative 

estimation of pharmaceutical compounds because 

of its simplicity, rapidity, accuracy, sensitivity, and 

economical nature. The review discusses the 

fundamental principles of UV-visible spectroscopy, 

instrumentation, analytical method development, 

and optimization of analytical parameters such as 
solvent selection, wavelength determination, 

concentration range, preparation of standard 

solutions, and instrumental conditions. The 

importance of method validation according to ICH 

guidelines is also emphasized, including evaluation 

of parameters such as accuracy, precision, 

specificity, robustness, ruggedness, limit of 

detection, and limit of quantitation. Additionally, 

the review highlights major applications of UV 

spectroscopy in pharmaceutical industries and 

research laboratories including assay 

determination, dissolution testing, stability studies, 
quantitative estimation, multicomponent analysis, 

and routine quality control analysis. The 

advantages and limitations of UV spectroscopy are 

also discussed in detail. Overall, the review 

concludes that UV-visible spectroscopy remains a 

reliable, accurate, simple, and cost-effective 

analytical technique for routine pharmaceutical 

analysis and quality control applications.  

 

CONCLUSION: 

UV-visible spectroscopy is one of the most widely 
accepted analytical techniques used in 

pharmaceutical analysis for method development 

and validation. The technique offers several 

advantages including simplicity, rapid analysis, 

accuracy, precision, sensitivity, cost-effectiveness, 

and minimal sample preparation. Proper 

optimization of analytical parameters and 

validation according to ICH guidelines ensure the 

reliability and reproducibility of analytical results. 
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The review highlights that validated UV 

spectrophotometric methods are highly suitable for 

routine pharmaceutical quality control analysis, 

assay determination, dissolution studies, stability 

testing, and quantitative estimation of 
pharmaceutical compounds. Despite certain 

limitations such as lower selectivity compared to 

chromatographic techniques and possible 

interference from excipients, UV-visible 

spectroscopy continues to play a significant role in 

pharmaceutical industries and research laboratories 

due to its versatility and analytical efficiency. 

Therefore, UV-visible spectrophotometric methods 

can be considered reliable, accurate, economical, 

and suitable analytical tools for routine 

pharmaceutical analysis and quality assurance 

applications. 
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