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ABSTRACT 
Analytical method development and validation are 

essential components in pharmaceutical, chemical, 

and biological research, ensuring accurate, reliable, 

and reproducible data for quality assessment and 

regulatory compliance. Method development 

involves selecting and optimizing analytical 

techniques to achieve accurate detection and 

quantification of target compounds under specific 

conditions. Validation establishes that the method 

meets critical parameters such as accuracy, 

precision, specificity, linearity, sensitivity, 

robustness, and reproducibility. These processes 

ensure compliance with international regulatory 

standards like ICH, FDA, and USP. This review 

provides an overview of method development 

strategies, key validation parameters, and their 

significance in pharmaceutical analysis, 

highlighting their applications in drug discovery, 

quality control, stability studies, and bioanalytical 

research, alongside advancements addressing 

contemporary analytical challenges. 

KEYWORDS –Analytical method development, 

Validation, Regulatory compliance, Accuracy, 

Stability studies. 

 

I. INTRODUCTION 
Quality control and quality assurance are 

the major areas in the pharmaceutical industry 

dealing with the analysis of materials starting from 

the raw material, intermediate products, APIS and 

finished products. Now and then new techniques 

are being developed all over the world.
 [1] 

The 

process of analytical chemistry starts with two 

major categories includes qualitative and 

quantitative analysis. In qualitative analysis only 

the obtainable samples are estimated, and in 

quantitative analysis the total number of elements 

in a compound should be identified. For example; 

the analysis of wide variety of compounds or 

products is useful for the analysis of drugs, because 

it includes the life. Nowadays, large number of 

drugs has been introduced in market, and the 

demand of drugs is increasing day by day.
[2] 

Development in scientific and concrete analytical 

methods has been resulted from the advancements 

of analytical instruments. The improvements of the 

analytical method development and analytical 

instruments have reduced the time and cost of 

analysis.
[64] 

Various bioanalytical methods are also 

used.In this methods determine the drugs in 

biological fluid are becoming increasingly 

important for the study of bioavailability, 

bioequivalence (BE) Pharmacokinetics (PK) 

studies, quantitative evaluation of drugs, 

concentration and their metabolites, new drug 

development, research in basic biomedical and 

pharmaceutical sciences and therapeutic drug 

monitoring etc.
 [4] 

The data obtained from these 

methods is required in the pharmacokinetic and 

toxicokinetic studies of investigational new drug 

applications (INDs), new drug applications (NDAs) 

and abbreviated new drug applications (ANDAs).
 

[5] 
International Conference On Hormonisation 

issued some guidelines for analytical method 

development and validation.and the processes work 

by this guidelines.
 [6] 

The reliability of an analytical 

finding is a matter of great importance to drive the 

formulation scientist in the developmental stage 

and impurity profile in stability study and 

dissolution data of the stability study as well as 

routine analysis. The importance of validation is 

producing reliable and repeatable results for routine 

analysis and stability analysis. This is especially 

true in the context of quality management and 

accreditation, which have become matters of 

increasing importance in analytical in dissolution
[7] 

Pharmaceutical industry has focused on product 

Quality, Safety, and Efficacy.
 [8]

The use of 

validated methods is important for an analytical 

laboratory to show its qualification and 

competency.
 [9]

Analytical method validation is the 

systematic process of establishing that an analytical 

method is acceptable for its intended purpose.
 [10]

 

 

Analytical Method Development 

 When there are no definitive techniques 

are present, new methodologies are being 

progressed for evaluation of the novel product. To 

investigate the presence of either pharmacopoeial 
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or non-pharmacopoeial product novel techniques 

are developed to reduce the value besides time for 

higher precision and strength. These methodologies 

are optimized and valid through preliminary runs. 

Alternate ways are planned and place into practice 

to exchange the present procedure within the 

comparative laboratory information with all 

accessible merits and demerits. 

 

 
Life cycle of the analytical method 

[11]
 

 

Necessity of method development 

Drug evaluation exhibits the identity 

characterization and resolution of the drugs in 

combination like dosage of analytical forms and 

organic fluids. At some point of producing 

technique and development of drug the principal 

purposestrategies is to generate data regarding 

efficiency (which might be directly connected with 

the need of a identified dose), impurity (related to 

safety of the medication), bioavailability (consists 

of key drug traits like crystal kind, uniformity of 

drug and release of drug), stability(that shows the 

degradation product), and effect of manufacturing 

parameters to verify that the production of drug 

product is steady.
 [11]

 

 

Analyst before the event of latest technologies, 

don't forget below mention criteria: 
→ is that this technique possesses the needful 

sensitivity? 

 → is that this method sufficiently selective for 

direct use without interference employing the other 

element within the sample?  

→ Are the accuracy and precision doable with this 

technique?  

→ Are the reagents and equipment required on this 

method available or obtained at an inexpensive 

price? 

 → is that the time requires to perform this system 

applicable?
[12]

 

 

Analytical technique for technique development 

There are various analytical techniques ae 

available for the analytical method development.
 

[13]
The analytical mehods provide more accurate 

and precise data not only supporting  drug 

discovery and development but also the true data 

collection.
 [14]

 range of analytical methods that can 

be used in formulation design and development and 

focus onhow these systems can be applied to 

understand formulation components and the dosage 

form these build.
 [15]

There are mainly two 

techniques for the method development- 

1.Spectroscopic tecniques 

2.Chromatographic techniques
[16] 
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Figure 2 - Systematic approach in analytical method development and validation.
 [17] 

 

1. spectroscopic techniques- 

 UV spectroscopy 

 Fourier Transform Infrared Spectroscopy 

 Mass spectroscopy  

 NMR
[18]

 

 

This technique are described below: 

 UV spectroscopy:- 

 Spectroscopy: Spectroscopy is the 

measurement and interpretation of Electro 

Magnetic Radiation [EMR] absorbed and 

emitted when the molecules or atoms or ions 

of a sample move from one energy states to 

another energy states.
[19]

 

 UV-VIS Spectroscopy: Ultraviolet (UV) 

spectroscopy is a physical technique of the 

optical spectroscopy that uses light in the 

visible, ultraviolet, and near-infrared ranges 

and it is based on Beer-Lambert law states that 

the absorbance of a solution is directly 

proportional to the concentration of the 

absorbing species in the solution and path 

length. Thus, for a fixed path length, it can be 

used to determine the concentration of the 

absorber in a solution. It is necessary to know 

how rapidly the absorbance changes with 

concentration, UV-VIS spectroscopy has been 

in general use for the last 37 years and over 

this period its become the most important 

analytical instrument in the modern day 

laboratory. In many application, other 

techniques could be employed but none rival 

UV-VIS spectroscopy for its simplicity, 

versatility, accuracy, speed, and cost-

effectiveness.
 [20,21]

 

 

 Fourier Transform Infrared 

Spectroscopy:- 

Infrared (IR) or Fourier transform infrared 

(FTIR) spectroscopy has a large operation range, 

from the analysis of small molecules or molecular 

complexes to the analysis of cells or tissues .
 [22]

 

Fourier transform infrared (FTIR) spectroscopy 

represents a modern and popular technique that 

addressed IR spectroscopy as a powerful and 

reliable analytical technique.Recent FTIR 

technique developments rendered the tool as 

applicable to both quantitative and qualitative 

purposes of analyses.
 [23] 

An infrared spectroscopy 

measured the immersion of IR radiation made by 

each bond in the molecule and as a result gives 

spectrum which is commonly designated as % 
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transmittance versus wavenumber 

(cm−1).
[24]

Fourier Transform Infrared 

Spectroscopy is based on the principle of 

vibrations. The types of vibrations in infrared (IR) 

spectroscopy include stretching and bending 

vibrations.
 [25]

 

 

 Mass spectroscopy:- 

Mass spectrometry (MS) is a widely used 

detection technique that provides quantitative and 

qualitative information about the components in a 

mixture.
 [26]

 In qualitative analysis it is very 

important to determine the molecular weight of 

unknown compound and MS is capable of that. MS 

is also more sensitive than an UV detector for 

quantification. An MS detector consists of three 

main parts: the ionization source where the ions are 

generated, the mass analyzer, which separates the 

ions according to their mass to-charge ration (m/z), 

and the electron multiplier (detector). There are 

several types of ion sources, which utilize different 

ionization techniques for creating charged species. 

Three popular ionization techniques are: 

electrospray ionization (ESI).
 [27]

Atmospheric 

pressure chemical ionization (APCI) and matrix-

assisted laser desorption (MALDI). Electrospray is 

the most widely used ionization technique when 

performing LC-MS.
 [28-31]

Mass spectrometer is also 

used with HPLC as detector.
 [32]

 

 

 NMR:  

Nuclear magnetic resonance (NMR) 

spectroscopy is a very powerful tool to determine 

the structure of compounds.
[33,34] 

This non-

destructive spectroscopic analysis can reveal the 

number of atoms and their connectivity‘s, and thus 

the conformations of the molecules. Near infrared 

(NIR) spectroscopy is a quick, non-destructive 

method that is amenable for spot analysis 

application. In the last two decades, it has been 

increasingly used in pharmaceutical analysis 
[35]

 

 

2.Chromatographic techniques 

 HPLC 

 HPTLC 

 TLC 

 Gas chromatography 

This techniques are listed below: 

 

 HPLC[High Performance Liquid 

Chromatography]:- 

High Performance Liquid 

Chromatography (HPLC) was derived from the 

classical column chromatography and, is one of the 

most important tools of analytical chemistry today.
 

[36]
 1 In the modern pharmaceutical industry, 

highperformance liquid chromatography (HPLC) is 

the major and integral analytical tool applied in all 

stages of drug discovery, development, and 

production.
 [37]

 HPLC is separation of each 

chemical entity from the sample mixture is based 

on its distinct affinity towards the adsorbent 

material in the column or the mobile phase, causing 

various constituents to travel at different velocities 

and separate. 
[38]

 The Goal of HPLC method is to 

try & separate, quantify the main drug, any reaction 

impurities, all available synthetic intermediates and 

any degradants.
 [39 ]

HPLC is the most accurate 

analytical methods widely used for the quantitative 

as well as qualitative analysis of drug product and 

used for determining drug product stability.
[40]

 The 

goal of the HPLC-method is to try & separate, 

quantify the main active drug, any reaction 

impurities, all available synthetic inter-mediates 

and any degradants.
[41 ]

The principle of separation 

followed is the adsorption of solute on stationary 

phase based on its affinity towards stationary 

phase.
 [42]

Reverse phase chromatography is also 

plays an important role in the chromatography.
 [43]

 

Key features of HPLC: 

● High resolution  

● Small diameter, Stainless steel, Glass column 

● Relatively higher mobile phase pressure  

● Measured flow rate of mobile phase
[44]

 

There are two phases are used normal phase and 

the reverse phase chromatography.
[45] 

 

 

 

 HPTLC[High Performance Thin Layer 

Chromatography]:- 

High Performance Thin Layer 

Chromatography (HPTLC) is the most powerful 

advanced form of Thin Layer Chromatography 

(TLC) and consists of chromatographic layers of 

utmost separation efficiency and the application of 

sophisticated instrumentation for all steps in the 

procedure include accurate sample application, 

standardized reproducible chromatogram 

development and software controlled evaluation
 [46] 

HPTLC is used to minimize the technique failure.
 

[47]
 High Performance Thin-Layer Chromatography 

(or Planar Chromatography) is a modern separation 

technique, established worldwide and distinguished 

by flexibility, reliability and cost efficiency.
 

[48]
HPTLC is the most simple separation technique 

today available to the analyst. It can be considered 

a time machine that can speed your work and 
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allows one to do many things at a time usually not 

possible with other analytical techniques. In many 

cases instrumental Thin-Layer Chromatography 

offers a more suitable solution and often it is used 

as confirmatory or alternative technique.
[49]

 

 

Advantages of HPTLC over other 

chromatographic methods: 

 HPTLC is the most simple separation 

technique today available to the analyst. Usually it 

can be considered as a time machine that can speed 

our work and allows us to do many things at a time 

which is not possible with other analytical 

techniques. Some of the advantages of HPTLC are 

as follows: 

 There is very less need of Internal Standard. 

 Lower analysis time and less cost per analysis. 

 HPTLC is very simple to learn and the instrument 

is very easy to operate. 

 In HPTLC, the sample preparation is very simple. 

 It involves very low maintenance cost. 

 Solvents used in HPTLC needs no prior treatment 

like filtration and degassing. 

 In HPTLC, solvents of annular grade are suitable. 

 In HPTLC, the mobile phase consumption for 

sample is extremely low. 

 In HPTLC, allows the use of corrosive and UV 

absorbing mobile phases.
 [50]

 

 

 High-performance thin 

layer chromatography (HPTLC) based methods 

could be considered as a good alternative as they 

are being explored as an important tool in 

routine drug analysis. A major advantage of 

HPTLC is its ability to analyze several samples 

simultaneously using a small quantity of mobile 

phase; this reduces the time and cost of analysis.
 [51-

53] 

 

 TLC:- 

TLC is an important method for 

qualitative and quantitative analysis of drugs 

because it indicates some advantages in comparison 

to HPLC and GC methods, which are listed below: 

(i)TLC can be used in those situations when HPLC-

UV and GC are not suitable, for example, absence 

of UV activity of examined compound (important 

for HPLC analysis) or when the absence of 

volatility (important for GC analysis) is observed; 

(ii)in comparison to HPLC in the case of TLC the 

high purity and high concentration of examined 

samples are not required. Unlike HPLC there is no 

danger that the samples impurities influence 

column damage and its separation property; 

(iii)TLC needs no expensive equipment and is easy 

to work in comparison to HPLC and GC; 

(iv)TLC allows a parallel separation and 

quantitative determination of many samples at the 

same time; 

(v)it is possible to put on TLC plates a large 

volume of sample because the solvent excess 

removing during the sample is spotted on 

chromatographic plates. 

For these purposes TLC greatly contributes to the 

analysis of different groups of drugs.
 [54] 

 

 Gas Chromatography:- 

Chromatographic separation methods are 

without any doubt the most frequently employed 

analytical techniques for compositional analysis.
 [55]

 

Gas chromatography is a unique and versatile 

technique. In its initial stages of development it 

was applied to the analysis of gases and vapors 

from very volatile components. Gas 

chromatography is the analytical technique used for 

product identification (under very controlled 

conditions) and must be directly coupled to a mass 

spectrometer when information other than a 

comparative fingerprint (program) is required, such 

as positive identification of peaks on the 

chromatogram.
 [56]

The basic principal of gas 

chromatography is that greater the affinity of the 

compound for the stationary phase, more the 

compound will be retained by the column and 

longer it will be before it is eluted and detected. 

Thus the heart of the gas chromatograph is the 

column in which separation of the component takes 

place, and to this must be added the source and 

control of the carrier gas flow through the column, 

a mean of sample introduction and a means of 

detection of the components as they elute from the 

end of the column. Since temperature will influence 

the volatility of the analytes, the column is placed 

in a thermostatically controlled oven.
[57]

Faster gas 

chromatographic separation is a generally 

beneficial option. Since the decrease time of 

analysis results in the increased sample. Reduction 

of analysis time can be achieved by changing 

column parameters: shorter length, smaller column 

inner diameter, thinner film of stationary phase, or 

operational parameters: faster temperature program 

rate, isothermal analysis. Different carrier gas, 

higher carrier gas flow rate or a combination of 

both approaches can be applied.
 [58]

 

 

 

 

javascript:popupOBO('CMO:0001000','b9ay00276f')
javascript:popupOBO('CHEBI:23888','b9ay00276f','http://www.ebi.ac.uk/chebi/searchId.do?chebiId=23888%27)
javascript:popupOBO('CMO:0000995','b9ay00276f')
javascript:popupOBO('CMO:0000995','b9ay00276f')
javascript:popupOBO('CMO:0000995','b9ay00276f')


 

 

International Journal of Pharmaceutical Research and Applications 

Volume 10, Issue 1 Jan - Feb 2025, pp: 1177-1195 www.ijprajournal.com   ISSN: 2456-4494 

                                       

 

 

 

DOI: 10.35629/4494-100111771195    Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 1182 

The following are the basic prerequisites for 

analytical method development 

1. The devices that are routinely qualified and 

calibrated 

2. Well documented methods 

3. Reliable reference standards 

4. Competent and experienced analysts 

5. Proper sample selection and batch integrity 

6. Checking for any changes.
 [59]

 

 

Method development commonly includes 

following steps:  

1. Method development plan definition 

2. Basic information collection  

3. Standard analyte characterization  

4. Determination of method requirements  

5. Scientific article research  

6. Method selection  

7. Device installation and initial studies  

8. Parameter optimization  

9. Documentation of the analytical picture  

10. Assessment of method development with 

sample implementation  

11. Determination of percentage recovery of the 

sample  

12. Demonstration of quantitative analysis for 

samples  

13. Establishing the test procedure  

14. Define method validation protocol  

15. Validation of laboratory methods  

16. Creation of validated test method  

17. Validation report.
 [60]

 

 

Validation 

Validation of an analytical method is the 

process by which it is established by laboratory 

studies, that the performance characteristics of the 

method meet the requirements for the intended 

analytical application. Validation is required for 

any new or amended method to ensure that it is 

capable of giving reproducible and reliable results, 

when used by different operators employing the 

same equipment in the same or different 

laboratories. The type of validation program 

required depends entirely on the particular method 

and its proposed applications.
[61]

Results from 

method validation can be used to judge the quality, 

reliability and consistency of analytical results; it is 

an integral part of any good analytical practice. Use 

of equipment that is within specification, working 

correctly and adequately calibrated is fundamental 

to the method validation process. Analytical 

methods need to be validated or revalidated:- 

• Before their introduction into routine use 

• Whenever the conditions change for which the 

method has been validated  

• Whenever the method is changed
[62]

 

 

Validation is derived from Latin from 

which means ―strong ness‖. Validation is the 

strength or strongness of a procedure, process, and 

capability of an equipment to operate and is proved 

for its acceptability with confirmation and 

documented legally on the basis of scientific data.
 

[63]
Validation is the documented act of proving that 

any procedure,process,equipment,material, activity 

or system actually leads to expected 

result.
[64]

Quality engineering, Validation Manager, 

Production Manager and Speclist in validation 

Discipline which help to determination of written 

plan how to test a process and product quality The 

validation protocol is reviewed and approved by 

Head of Quality Assurance, Head of with specific 

reference criteria for ensuring product and process 

quality, safety and efficacy. The validation protocol 

implicates the following components for validation 

which may includes:- 

1. Purpose and Scope of validation process.  

2. Type of validation.  

3. Total no of batches to be validated.  

4. Validation team with qualifications and their 

responsibility.  

5. Critical process attributes with their 

specifications.  

6. Statistical tools used analysis of data.  

7. Validated test method for raw materials and in 

process testing with specification.  

8. Calibration and qualification criteria for 

equipment and process with specification.  

9. Documentation of results, conclusion and 

approval of study results.
[ 65]

 

 

Importance of validation 

 Assurance of quality 

 Process optimization 

 Minimal batch failure and increased  

productivity 

 Reduction in rejection 

 Easier maintenance of equipment 

 Increased output and product consistently 

 Fewer complaints about process related failure 

 More rapid innovation 

 Ensures compliance with Regulatory standards 

 Improve product quality and safety. 
[67] 

 

 

When does validation begin? 

Ideally validation starts in the very 

beginning, in the laboratory. In the lab, scientists 
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discover exactly how the product reacts, as well as 

the parameters that are required to produce such a 

product. They learn under what conditions the 

product fails or becomes unstable, unusable and 

when its quality begins to suffer. Once the 

laboratory has established the boundary processing 

criteria, this information can then be used for 

establishing requirements for validation. 

 

When does validation ends? 

Validation of a system never truly ends. 

Once a new system and process have been 

validated the system still requires maintenance, 

periodic calibrations and adjustment. Therefore, the 

process is always under scrutiny and constant 

evaluation.
[68] 

 

Criteria of Validation 

 The validation of an analytic method 

demonstrates the scientific soundness of the 

measurement or characterization. It is required to 

varying extents throughout the regulatory 

submission process. The validation practice 

demonstrates that an analytic method measures 

correct substance, in the correct amount and in the 

appropriate range for the samples. It allows the 

analyst to understand the behavior of the method 

and to establish the performance limits of the 

method.
[69,70] 

 

 

 

Need of Validation 
 Every day, a high number of HPLC 

analyses, related to the monitoring of organic 

compounds, are performed in thousands of 

laboratories around the world. These measurements 

are very useful in many situations: quality control 

of food and other consumer goods during 

manufacturing, processing, trading, and 

consumption, detection of deficient products or 

incorrect labelling, clinical assistance, checking the 

quality of drinking or waste water, forensic analysis 

in criminal investigations, and support for research, 

among others. In fact, every aspect of our life 

depends to some extent on analytical 

measurements. Many important decisions are taken 

on the basis of the results: batch release or refusal, 

purchase of a specific product, and trademark, 

prescription of a medical treatment, to permit the 

discharge of a water stream, the outcome of a trial, 

interpretation of the results, and so on. In all these 

cases, an incorrect value can lead to a wrong 

decision, with awful consequences for health, 

reputation, and economics. Besides, the cost of 

making these analyses is considerable, and on 

occasions, the decisions arising from the results 

may involve a significant dis bursement. Thus, it is 

important to determine the correct value and be 

sure of its reliability. For these reasons, the 

requirement for laboratories to use a validated 

method is now universally accepted. 
[71,72,73,74] 

 

 

Types Of Validation
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Introduction to process validation
 

Process validation is establishing 

documented evidences accomplished by validation 

team lead by quality assurance which collecting, 

analysing and evaluation of data from process 

design and manufacturing of a product for ensuring 

that process can reliably produce a product that 

meets predetermined quality specification. The 

purpose of process validation is every batch 

product be safe, effective and having good 

quality.
[75] 

It is beneficial to manufacturer which 

deepens the understanding of process, maintaining 

consistency and reliability of product, decreases the 

risk of defect cost and regulatory Non-compliance 

it requires less in-process Controls and end- 

product testing.
[76]

 

In the pharmaceutical industry, the 

purpose of process validation is to demonstrate that 

the manufacturing process consistently yields a 

product that meets its quality, safety, and efficacy 

standards. For this reason, the focus is primarily on 

controlling critical quality attributes (CQAs) and 

critical process parameters (CPPs)—those factors 

that directly influence the quality of the finished 

product. Process validation should confirm that the 

impurity profile for each API and finished product 

is within the limits specified.
[77]

 

Process validation is widely practiced by 

pharmaceutical, biotechnological, medical device 

and herbal industries. The PV lifecycle concept 

links product and process development, the 

qualification of the commercial Manufacturing 

processes, and maintenance of the commercial 

production process in a coordinated 

Effort.Regulatory bodies continue to find firms for 

some finished product to have validated 

manufacturing processes. Manufacturing process 

validation is a process in which the process 

performance is constantly monitored and evaluated. 

The state of validation refers to the condition in 

which a pharmaceutical process consistently 

operates within predefined parameters, producing 

results that meet all quality, safety, and efficacy 

standards. To maintaining validated status of a 

process, measures must be taken that will allow any 

significant process changes to be recognized and 

resolved quickly. Such change control measures 

can apply to equipment, standard operating 

procedures, manufacturing instructions, 

environmental conditions or any other aspect of the 

process system that has an effect on its state of 

control and therefore on the state of validation.
[78] 

 

 WHO: 

Process validation is the collection and evaluation 

of data, throughout the product life-cycle, which 

provides documented scientific evidence that 

processes capable of consistently delivering quality 

products.
[79 

 

Scope of process validation  

 It helps in reducing variability between 

different for ensuring uniformity in batch 

products adheres to quality criteria of purity, 

identity and potency 

 It ensures high degree of quality of products 

within acceptance limits 

 It maintain product integrity 

 To demonstrate the robustness of the 

manufacturing process 

 Process validation will ensure a robust product 

that is highly reproducible over time. 

 Major changes after the initial validation will 

result in the need for subsequent Revalidation. 

 To reduce the risk of defect costs and 

regulatory noncompliance.
[80,81,82,83]

 

 

Advantages of process validation 

 It expand real time monitoring that is checks 

process parameters like 

temperature,pressure,chemical concentration 

and adjustment is carried out if necessary for 

ensuring process stays within desired limits.  

 It enhances data and evaluation capacities and 

increased confidence about process 

reproducibility and products.  

 It enhanced reporting capability.  

 It improve ability to set target parameter and 

control limits for routine production, 

correlating with validation results 

 It is simple process and moisture sensitive,heat 

sensitive products can also be processed. 

 Decreases the risk of preventing problems and 

thus ensure the smooth running of the process. 

 Enhanced ability to statistically evaluate 

process Performance and product variables e.g. 

individuals; mean; Range; control limits.  

 Process optimization: Optimization focuses on 

achieving the highest possible efficiency while 

maintaining quality standards. Optimize is ―To 

Make as effective, perfect or useful as 

possible‖. The Optimization of the facility, 

equipment, systems, and Processes plays vital 

role ensuring product comply with quality 

attributes leads to a product that meets quality 
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standards at the lowest cost, balancing both 

effectiveness and cost-efficiency.  

 Reduction of quality costs Quality costs are 

divided in to four categories. They are: 

A)Preventive costs . 

 

B) Appraisal costs.  

C) Internal failure costs  

 D) External failure costs.  

By understanding and managing these categories of 

quality costs, organizations can optimize their 

quality control processes, reduce waste, and 

improve customer satisfaction.
[82,84] 

 

Reason for Process validation 

The reasons for performing process validation can 

be summarized as: 

 New product or existing products as per 

SUPAC changes.  

 Change in site of manufacturing. 

 Change in batch size 

 Change in equipment. 

 Change in process existing products. 

 Change in composition or components 

 Change in the critical control parameters. 

 Change in vendor of API or critical excipient. 

 Change in specification on input material. 

Abnormal trends in quality parameters of Product 

through review during Annual Product Review 

(APR) .
[85]

 

 

There are various types of process validation 

This are listed below:- 

 

 

 

Prospective validation
 

It is defined as the established documented 

evidence that a system does what it purports to do 

based on a pre-planned protocol.
[86] 

This approach 

to validation is normally undertaken whenever the 

process for a new Formula (or within a new 

facility) must be Validated before routine 

pharmaceutical Production commences. It is used 

for facilities, processes, and process controls in 

operation use that have not undergone a formally 

documented validation process.
[87]

These 

experimental plan called the validation protocol is 

executed (following completion of the qualification 

trials) before the process is put to commercial use. 

Most validation efforts require some degree of 

prospective experimentation in order to generate 

validation support data. This phase is crucial before 

the process is officially put into commercial use.
[88] 

This validation usually carried out prior to 

distribution either of a new product or a product 

made under a revised manufacturing process 

performed on at least three successive production 

sizes. The validation procedure involves running at 

least three consecutive production batches (full 

production scale) to demonstrate that the process 

consistently yields a product meeting quality, 

safety, and efficacy standards. Prospective process 

validation is executed After the completion of the R 
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and D trial in Order to produce the product for the 

Commercial purpose.
[89]

Three batches are 

considered sufficient to demonstrate reproducibility 

and to confirm that the process performs as 

expected. Sampling data is consistent within each 

batch And across all three batches which 

demonstrates that The process performs in a robust 

and reproducible Manner capable of producing the 

drug substance.
[90,91] 

 

Concurrent validation  
Concurrent validation is used to ensure 

that establishing documented evidence that process 

do what they purport to do, based on the 

information generated during process that is ,A 

process where current production batches are used 

to monitor processing parameter.
[92]

The concurrent 

validation process is similar to that of prospective 

validation. This method of validation can only be 

successful if the development stage has resulted in 

a proper understanding of the fundamentals of the 

process.
[ 93,94]

 It is similar to prospective, except the 

operating firm will sell the product during the 

qualification runs, to the public at its market price, 

and also similar to retrospective validation.
[95] 

Concurrent validation is used for establishing 

documented evidence that a facility and processes 

do what they purport to do, based on information 

generated during actual imputation of the 

process.
[96]

In special situations, where getting the 

medicine to patients quickly is very important and 

the benefits are greater than the risks, it may be 

allowed to start regular production without 

completing the usual validation checks first. This is 

known as concurrent validation. 

 

Retrospective Validation  
Retrospective Validation is defined as the 

establishment of documented evidence that a 

system does what it purports to do on review and 

analysis of historical information. The sources of 

such data are production ,QA and QC records. The 

issues to be addressed here are changes to 

equipment, process, specification and other 

relevant changes in the past.
[86] 

Retrospective 

validation involves validating a process using 

historical data rather than performing a new set of 

experiments. It's commonly applied to processes 

that have been reliably used over time but may lack 

documented validation records. The main objective 

is to document evidence that a process consistently 

produces the desired outcome, even though it 

wasn't formally validated when initially 

implemented.Data from batch documents, process 

control charts, annual product quality review 

reports, maintenance log books, process capability 

studies, finished product test results, including 

trend analyses, and .
[97] 

stability results acts as a 

source for retrospective validation. Data from a 

minimum of ten consecutive batches produced will 

acceptable for retrospective validation. In case if 

there are less than ten batches, which is not 

sufficient to demonstrate retrospectively then the 

retrospective validation should be supplemented 

with data generated with concurrent or prospective 

validation.
[98] 

 

Revalidation
 

It‘s the repetition of validation process or 

part of it. This is carried out when there is any 

change or replacement in formulation , a equipment 

plan or site, location, batch size
[99] 

and in cases 

where sequential batches fail to meet product 

specifications, revalidation is carried out to identify 

and resolve potential issues in the process, raw 

materials, or equipment. This is crucial for 

maintaining consistent product quality.
 [100] 

Even in 

the absence of any changes, periodic revalidation is 

carried out at specific intervals to confirm that the 

manufacturing process remains in control. This 

helps ensure continued compliance with regulatory 

standards over time.
 [101]

Revalidation is may be 

categorized into two types.  

 Revalidation in case of changes: After any 

change bearing on the product quality.  

 Periodic revalidation: At scheduled 

intervals.
[102,103]

 

 

Phases of validation 
The activities relating to validation studies may be 

classified into three phases  

 Phase 1 Pre validation phase or the 

Qualification phase 

 Phase 2 Process validation phase 

 Phase 3 Validation Maintenance phase 
[104]
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Parameters for method validation 

 

Accuracy: 

Accuracy is defined as the measure of 

exactness of an analytical procedure. It expresses 

the closeness of agreement between the value 

which is accepted either as a conventional true 

value or an accepted reference value and the value 

found. The ICH document on validation 

methodology recommends accuracy to be assessed 

using a minimum of nine determination over a 

minimum of three concentration levels covering the 

specified range (for example, three concentrations 

with three replicates each). Accuracy should be 

reported as percent recovery by the assay of known 

added amount of standard in the sample or as the 

difference between the mean and the accepted true 

value, together with the confidence intervals. Thus, 

accuracy of the method was studied by recovery 

experiments using standard addition method at 

three different levels (80%, 100% and 120. 

 

Accuracy for analytical procedures is 

determined by two methods: 

 i) Absolute method 

 ii) Comparative method 

 

i)Absolute method 

  The test for the accuracy of the method is 

carried out by taking varying amounts of the 

constituents and proceeding according to the 

specified instructions. The difference between the 

means of an adequate number of results and 

amount of constituent actually present, usually 

expressed as parts per hundred (%) i.e., % error. 

The constituent in question will usuall know the 

effect of these upon the determinations. This will 

require testing the influence of a large number of 

probable compounds in the chosen samples each of 

varying amounts. In few instances, the accuracy of 

the compound is controlled by separation (usually 

solvent extraction or chromatographic technique) 

involved . 

 

 ii) Comparative method  

 In the analysis of pharmaceutical formulations 

or laboratory prepared samples of desired 

composition, the content of the constituents 

sought determined by two or more (proposed 

and official or reference) ‗accurate‘ methods of 

essentially different character can usually be 

accepted in the absence of an appreciable 

formulation either in the proposed or reference 

methods comprising of various operations 

which include sampling, preparation of 

solution, separation of interfering ingredients if 

any and the method for the quantitative assay .
 

[105]
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Precision: 

The precision determines the closeness of 

agreement (degree of scatter) between a series of 

measurements attained from multiple sampling of 

the standardized sample under the prescribed 

conditions. The precision of an analytical method is 

normally expressed as the percent relative standard 

deviation for a statistically significant number of 

samples. The most common statistical terms 

employed is the standard deviation of a population 

of observation. Standard deviation is the square 

root of the sum of squares of deviations of 

individual results from the mean, divided by one 

less than the number of results in the set
[106]

 

  According to the ICH (International conference on 

harmonisation), precision should be accomplished 

at three different levels viz; repeatability, 

intermediate precision and reproducibility.  

 Repeatability Repeatability is a measure of the 

precision under the same operating conditions over 

a short interval of time. It is sometimes denoted as 

intra-assay precision 
[107]

 

 Intermediate precision or Inter-day precision It is 

defined as the variation within the same laboratory. 

Typical parameters that are investigated include 

day-to-day variation, analyst variation, and 

equipment variation. 
[108] 

 

Limits of detection and Quantitation: 

 The limit of detection (LOD) is defined as 

the lowest concentration of an analyte in a sample 

that can be detected, not quantified. It is expressed 

as a concentration at a specified signal:noise ratio,2 

usually 3:1. The limit of quantitation (LOQ) is 

defined as the lowest concentration of an analyte in 

a sample that can be determined with acceptable 

precision and accuracy under the stated operational 

conditions of the method. The ICH has 

recommended a signal:noise ratio 10:1. LOD and 

LOQ may also be calculated based on the standard 

deviation of the response (SD) and the slope of the 

calibration curve(s) at levels approximating the 

LOD according to the formulae: LOD53.3(SD/S) 

and LOQ510(SD/S).
[109] 

 

Specificity: 

 Specificity is defined as the ability to 

access accurately and specifically the analyte in the 

presence of other components that may be expected 

to be present in the sample matrix. It is a measure 

of the degree of interference from such things like 

other active pharmaceutical ingredients, excipients, 

impurities and degradation products ensuring that a 

peak response is due to a single component only, 

that is no co-elutions exist. Specificity is measured 

and then documented in a separation by the 

resolution, plate count (efficiency) and tailing 

factor. This reserves the use of ―specific‖ for those 

procedures that produce a response for a single 

analyte only. ISO/IEC most likely has the same 

understanding because it requires a method to be 

―selective‖ rather than specific. Our goal is to 

distinguish and quantify the response of the target 

compounds from the responses of all other 

compounds Selectivity is the ability to measure 

accurately and specifically the analyte in the 

presence of components that may be expected to be 

present in the sample matrix. Specificity for an 

assay ensures that the signal measured comes from 

the substance of interest, and that there is no 

interference from excipient and/or degradation 

products and/or impurities. Determination of this 

can be carried out by assessing the peak identity 

and purity. 
[109] 

 

Linearity: 

 Linearity is the ability of analytical 

procedure to obtain a response that is directly 

proportional to the concentration (amount) of 

analyte in the sample. If the method is linear, the 

test results are directly or by well-defined 

mathematical transformation proportional to 

concentration of analyte in samples within a given 

range. Linearity is usually expressed as the 

confidence limit around the slope of the regression 

line
 

 

Range: 

Range is defined as the interval between 

the upper and lower concentrations of analyte in the 

sample for which it has been demonstrated that the 

analytical procedure has a suitable level of 

precision, accuracy and linearity. 
[110] 

 

Robustness: 

 The robustness of an analytical procedure 

is a measure of its capacity to remain unaffected by 

small, but deliberate variations in method 

parameters and provides an indication of its 

reliability during normal usage. 
[111] 

 

Ruggedness: 

 The ruggedness of an analytical method is 

the degree of reproducibility of test results obtained 

by the analysis of the same samples under a variety 

of conditions, such as different laboratories, 

analyst, instruments and lots of regents, elapsed 

assay times, assay temperature or days. Ruggedness 
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is a measure of reproducibility of test results under 

the variation in conditions normally expected from 

laboratory to laboratory and from analyst to 

analyst. 
[112] 

 

Solution Stability: 

Many solutes readily decompose prior to 

chromatographic investigations, for example, 

during the preparation of the sample solutions, 

extraction, clean up, phase transfer or storage of 

prepared vials (in refrigerators or in an automatic 

sampler). Under these circumstances, method 

validation should investigate the stability of the 

analytes and standards in solution form (in 

analytical preparations).
 

 

System suitability: 

 In addition, prior to the start of laboratory 

studies to demonstrate method validity, System 

suitability is considered appropriate when the RSD, 

theoretical plates, tailing factor and resolution 

parameters calculated on the results obtained at 

different time intervals, does not exceed more than 

of specified limit of the corresponding value of the 

system precision.
 [113] 

System suitability test parameters and 

reccomendations 

are given in below table :-
 

 

System Suitability Test Parameters and Recommendations 
[114]  

Parameters Recommendation 

Theoretical Plates (N) Should be > 2000 

Capacity Factor 

(k‘) 

The peak should be well-resolved from other peaks and the void Volume, generally k‘>2.0 

Relative retention Not essential as long as the resolution is stated. 

Resolution (R
s
) R

s 
of > 2 between the peak of interest and the closest eluting potential interferent (impurity, 

excipient, degradation product,internal standard) etc. 

Tailing Factor (T) T of </= 2 

  

Repeatability RSD </= 1% for N >/= 5 is desirable. 

 

Guidelines: ICH , FDA , AOAC , USP , ISO 

9000, and ISO 17025 It includes following: Q1A 

(R2): Stability Testing of New Drug Substances 

and Products (Second Revision).  

Q1B: Photo stability testing of New Drug 

Substances and Products.  

Q1C: Stability Testing for New Dosage Forms.  

Q1D: Bracketing and Matrixing Designs for 

Stability Testing of Drug Substances and Drug 

Products  

Q1E: Evaluation of Stability Data  

Q1F: Stability Data Package for Registration 

Applications in Climatic Zones III and IV. 

Q2A: Text on Validation of Analytical Procedures.
 

[115] 

 

II. CONCLUSION 
Analytical method development and 

validation are fundamental components in ensuring 

the reliability, precision, and accuracy of analytical 

results in various fields, including pharmaceuticals, 

environmental science, and materials chemistry. 

Method development allows researchers to 

establish efficient, robust, and cost-effective 

procedures tailored to specific analytical needs. 

Validation ensures these methods meet predefined 

criteria for accuracy, precision, specificity, 

linearity, and robustness, providing confidence in 

their application for regulatory compliance and 

scientific integrity. The continued refinement of 

these processes, coupled with advancements in 

analytical instrumentation and software, will 

further enhance the quality and reliability of 

analytical data, supporting innovation and ensuring 

public safety. 
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