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The pharmaceutical industry is currently at its pinnacle. It's important to make sure that 

pharmaceutical process validations are carried out correctly and that the outcomes are 

repeatable. Results merely guarantee the uniformity of product products.The 

significance of objective measurements, statistical tools, and analyses is also 

emphasized by process validation, which likewise places an emphasis on understanding, 

detection, and control of variability and provides assurance on consistency of quality 

and productivity across a product's life cycle. Validation studies are a crucial component 

of GMP, according to GMP, and they must be completed in accordance with established 

guidelines. Establishing written proof that offers a high level of assurance that a certain 

process consistently yields a product that satisfies its set specifications and quality 

characteristic is known as process validation. In order to guarantee repeatable, high-

quality goods, process validation is a systematic method of indenting, measuring, 

assessing, recording, and reevaluating the crucial steps in the manufacturing process. 

This article provides a broad introduction and overview of the significance of process 

validation in the pharmaceutical manufacturing process. 
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INTRODUCTION 

Among cGMPs, pharmaceutical process 

validation is considered the most significant and 

widely accepted criteria. The quality system (QS) 

regulation contains the standards for process 

validation. The process of developing a drug 

product into a dosage form involves several steps, 

including regulatory registration, animal studies, 

clinical trials, laboratory testing, and drug 

discovery. A product must meet a number of 

quality standards before being put on the market, 

including identity, chemical composition, physical 

stability, appropriate preservation against 

microbial contamination, when necessary, 

strength, quality, purity, uniformity of drug 

dosage, stability, acceptability to users, including 

prescribers and patients, and appropriate 

packaging, labeling, and validation. Two crucial 

elements that can guarantee the aforementioned 

characteristics in the manufacturing process are 

process controls and process validation. Measure 

controls include process controls that address raw 
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materials. The goal is to approve and screen line 

production process operations. Following this, the 

process is approved for presentation and 

confirmed, guaranteeing a well-crafted 

methodology for the cycle controls. 

The goal of process validation, which is broadly 

applicable to manufacturing processes, is to help 

producers comprehend the requirements of the 

quality management system (QMS) with regard to 

process validation. Validation is a crucial 

component of pharmaceutical organizations that 

underpins their dedication to quality assurance. 

One tool used in quality assurance is validation, 

which verifies the accuracy of software, hardware, 

manufacturing processes, and testing procedures 

(1). 

NEED OF PROCESS VALIDATION: 

FDA Guidelines:  

Establishing recorded proof that provides a high 

degree of certainty that a specific process will 

consistently produce a product satisfying its 

predetermined specifications and quality features 

is known as process validation, according to 

regulations found by the FDA. for a thorough 

analysis and management of every single process, 

including quality assurance and manufacturing (3). 

Sections of cGMP Sections of cGMP 

Basic provision organization Quality Control Unit is responsible 

Equipment Installation and qualification of equipment and 

cleaning method 

Production process 

 

Process control system, Reprocessing control 

of microbial contaminants 

Controlling components 

(container, closures) 

Incoming elements testing procedure 

Packaging & Labelling control 

 

Dehydrogenation, sterile packaging, filling 

closure 

Laboratory control 

 

Examining methods, tests for release 

components and stability 

Records & reports Computer & Information systems 

Table 1: PV Checklist (3). 

Process validation: 

Process validation is an essential part of the quality 

assurance system employed by pharmaceutical 

producers since it is a crucial factor in the safety 

and quality of drug products. In order to guarantee 

repeatable, high-quality goods, process validation 

is a systematic method of indenting, measuring, 

assessing, recording, and reevaluating the crucial 

steps in the manufacturing process. Process 

validation is a function of quality  

assurance that contributes to the assurance of 

pharma product quality by offering documented 

proof that the manufacturing process continuously 

performs as intended. 

A number of variables, including the careful 

selection of high-quality materials and 

components, product and process design, process 

control, in-process control, and end-product 

testing, guarantee the product's quality, safety, and 

efficacy. Routine end-product testing is 

insufficient because of the complexity of drug 

products for a number of reasons. Furthermore, 

quality must be ingrained in the production 

processes rather than being tested into the final 

medicinal product, and these procedures must be 

closely monitored to ensure that the result fulfills 

all quality requirements. One can be very 

confident that all produced lots or batches will 

satisfy their specified specifications provided 

systems and process controls are carefully 

designed and validated (1). 

Objectives of process validation (2): 
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➢ Validation is required for both the 

manufacturing process and the individual 

pieces of equipment.  

➢ The objective is to develop a strong 

manufacturing process that reliably yields a 

pharmaceutical product that satisfies purity, 

identity, and potency requirements with the 

least amount of variance.  

➢ To comply with rules, engineers need to create 

and implement a validation plan for the 

manufacturing process. Typically, only a PQ 

segment is included in the validation plan.  

➢ Similar to equipment validation, significant 

alterations made after the first validation will 

necessitate a second validation.  

➢ Ultimately, process validation will guarantee 

a reliable product that is consistently highly 

repeatable.  

Benefits of process validation: 

➢ Reduction in rejections and reworks  

➢ Increased throughput  

➢ Reduction in utility costs  

➢ Avoidance of capital expenditures  

➢ Fewer complaints about process related 

failures  

➢ Reduced testing in process and finished goods  

➢ More prompt and precise examinations of 

process deviations  

➢ More prompt and dependable startup of new 

machinery  

➢ Easier scale-up from development work  

➢ Easier maintenance of the equipment  

➢ Improved employee awareness of processes  

➢ More rapid automation  

A program for process validation can be made 

more successful and efficient by using (1):  

➢ Good project management  

➢ Robust scientific knowledge collection, 

management and archiving  

➢ Uniform collection and assessment of 

information methods  

➢ Reducing the burden of redundant information 

gathering  

➢ Use of an integrated team approach  

➢ Appropriately documented Project Plans  

➢ The support of senior management  

➢ Statistical assessment of data 

Basics Principles Of Validation:  

The following could be said to be the fundamental 

validation principle: Installation Qualification 

(IQ) is the process of proving through objective 

evidence that all important components of the 

installation of ancillary systems and process 

equipment follow the manufacturer's certified 

specification and that the equipment supplier's 

recommendations are appropriately taken into 

account(2). 

Installation qualifications: 

Begin with evidence that the installation and its 

equipment meet the Accepted 2 criteria.  

IQ considerations are (3): 

• Equipment configuration highlights  

• Installation provisions (wiring)  

• Measures, precautions to be taken, cleaning 

plans.  

• Safety features.  

• Supplier documentation, manuals etc  

• Spare parts list.  

• Environmental prospects just like clean 

facilities, humidity 

Operational Qualification (OQ): 

It provides the strongest reassurance that the 

device performs as intended and meets 

requirements. 

OQ considerations are:  

• Control limits (time, line speed)  

• Raw material specifications. Handling3 

requirements, Training, Short-term stability & 

potential (studies or charts).  

• Possible failure modes & worst-case.  

OQ considerations include (2): 
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• Process control limits (time, temperature, 

pressure, line speed, setup conditions, etc.)  

• Software parameters.  

• Raw material specifications.  

• Process operating procedures.  

• Material handling requirements.  

• Process change control.  

• Training.  

• the process's capacity and short-term stability, 

(latitude studies or control charts).  

• Potential failure modes, action levels and 

worst-case  

conditions. 

Performance Qualification (PQ):  

proving by objective evidence that the method 

regularly yields a product that satisfies all set 

standards even in unexpected circumstances (4). 

PQ considerations include:  

• Actual product and process parameters and 

procedures established in OQ.  

• Acceptability of the product.  

• Assurance of process capability according to 

OQ standards. 

• Process repeatability, long term process 

stability. 

Re -Qualification: 

Equipment relocation or modifications must be 

approved by the change control procedure after a 

thorough evaluation and authorization process. 

Re-qualification of the equipment ought to be 

taken into consideration during this official 

examination.  

Modest adjustments or adjustments that don't 

directly affect the end or in-process product 

quality should be managed via the preventive 

maintenance program's documentation system. 

Phases of Validation (2,3): 

There are three categories for the activities 

associated with validation studies. 

phases: 

 

Phase 1: This is known as the Pre-validation 

Qualification Phase, and it includes all of the 

following: master product document, equipment 

qualification, installation qualification, process 

capacity, transfer of technology to commercial 

scale batches, formulation pilot batch studies, 

scale-up studies, handling of in-process and 

finished dosage forms, and establishment of 

stability conditions and storage. 

Phase 2: The process validation phase is this one. 

Its purpose is to confirm that even in the most 

adverse circumstances, acceptable goods may be 

produced and that all defined limitations of the 

important process parameter are valid. 

Phase 3: This step of preservation calls for the 

most thorough examination of all documents 

related to the process, including validations and 

reports to ensure that there haven't been any 

changes, deviations, or failures with regard to 

Standard Operating Procedures. It is assumed that 

all manufacturing and related control operations 

are carried out in accordance with GMP. 

The following are the recommended validation 

steps:  

1. It is imperative that investigations follow a 

detailed, pre-established convention or set of 

conventions; this means that formal change control 

procedures are necessary.  

2. The employees who oversee the exams as well 

as those in charge of the procedure must be 

qualified, reasonable, and able to play.  

3. Data from the investigations must be formally 

examined and verified as considered in 

comparison to predetermined models.  

4. Accessible testing facilities, equipment, 

supplies, and methodologies should be available. 

5. Reasonably priced clean-up rooms should be 

available in both foundation and "neighbourhood" 

climates. It should be confirmed that the 

designated clean room environment is achieved by 

starting dispatching (capability) and ensuring that 

the necessary equipment is introduced, trained, 



Durga Zade, Int. J. of Pharm. Sci., 2024, Vol 2, Issue 7, 529-537 |Review 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                533 | P a g e  

and maintained.  

6. After giving the aforementioned enough 

thought, procedures for "measure recreation" may 

be used to approve the cycle, if it is aseptic.  

7. Periodic revalidations of the interaction are 

necessary. 

8. Ample documentation must be available for 

approval. 

Types Of Process Validation (2,4): 

Prospective validation is the process of evaluating 

a product before it is released into the market, 

whether it be a new product or one that has 

undergone major production process alterations 

that could impact its features. Before the process 

is placed into commercial usage, an experimental 

strategy known as the validation protocol is carried 

out in prospective process validation (after the 

qualification trials are finished). 

The validation technique is carried out under 

prospective validation prior to the process being 

used for commercial purposes. Three successive 

batches or runs, all within the ultimately decided 

parameters and producing a product of the 

specified quality, are generally seen as sufficient 

validation of the process. This is an official 

statement regarding the three commercial batches 

prior to marketing (2). 

Concurrent Process Validation (2,4): 

in-process monitoring, and end-product testing of 

ongoing production can offer verifiable proof that 

the manufacturing process is under control. 

Examples of these may be when: 

• A previously approved procedure is being 

moved to a different location or to a contract 

manufacturer.  

• The product is a variant of a previously 

approved medicine with an identical 

active/inactive component ratio.  

• There weren't enough lots assessed during the 

retrospective validation to get a high degree o 

assurance showing that all aspects of the 

process are under control.  

The number of batches that can be generated 

is limited. 

• A method based on market demand and 

modest manufacturing volume per batch.  

• The process of producing a medicine that is in 

high demand because there is a shortage or no 

supply.  

• Concurrent validation is valid in all of the 

aforementioned scenarios, given that the 

prerequisites are met.  

• Pre-approved protocol utilizing reasoning for 

concurrent validation.  

A deviation must be requested and justified, 

and the plant manager, head process owner, or 

head-QMS must approve it.  

• Product history and behavior will be 

examined in light of test batches, scale-ups, 

and developmental phases. 

• A comprehensive protocol needs to be 

designed to address the marketed product in 

the event that any unfavorable reactions are 

detected throughout the ongoing validation 

process.  

• All primary disciplines must approve 

concurrent validation batches and record them 

in a report. 

Retrospective Process Validation: 

Retrospective validation is the alternative used for 

well-established products whose production 

processes are deemed robust and when prospective 

validation projects cannot be justified solely on the 

basis of financial considerations and resource 

constraints. 

several fundamental components of 

Retrospective Validation include:  

• Batches produced for a certain amount of time 

(at least 10 most recent batches in a row).  

• The annual number of lots released.  

• Manufacturer, year, time, batch size, strength, 

etc.  

• Master packing and manufacturing records.  
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• A list including modifications to 

manufacturing documents, corrective actions, 

and process deviations.  

• Details for evaluating the consistency across 

multiple batches. 

• Analysis of trends, including concerns about 

quality. 

Process Re-Validation: 

Required in the event that any of the formulation, 

main packaging components, raw material 

fabricator, significant equipment, or premises are 

altered, as well as any of the critical process 

parameters. Process revalidation would also be 

necessary if batches failed to fulfill product and 

process specifications’-Validation becomes 

necessary in certain situations. The following are 

examples some of the planned or unplanned 

changes that may require re-validation: 

• alterations to the raw materials (physical 

characteristics that could have an impact on 

the process or final product, such as moisture, 

viscosity, density, and particle size 

distribution).  

• Modifications to the manufacturer of active 

raw materials' source.  

• Modifications to the principal container and 

closure system used in packing. 

• Modifications to the procedure (such as batch 

size, drying temperatures, and mixing times). 

• Modifications to the apparatus (such as the 

inclusion of an automated detecting system).  

• With the exception of this new equipment, 

equipment changes involving the replacement 

of equipment "like for like" typically do not 

call for revalidation.  

Needs to be eligible.  

• A change in the facility or plant. Trend 

analysis reveals variations, such as process 

drifts.  

DOCUMENTATION: 

Effective communication in intricate, protracted, 

and multidisciplinary projects depends on 

documentation at every level of the process 

validation life cycle.  

Documentation is essential to ensure that people 

participating in every stage of the product and 

process life cycle can easily access and understand 

the knowledge that has been collected about them. 

Transparency and accessibility of information are 

cornerstones of the scientific method. 

Additionally, they are necessary to empower the 

organizational units in charge of the process to 

decide wisely and scientifically, which in the end 

supports the introduction of a product into the 

marketplace (4). 

CONCLUSION:  

Pharmaceutical Process Validation is the most 

significant and well-known cGMP parameter, 

according to the study. Manufacturing operations 

must be planned and managed in accordance with 

the cGMP standard to guarantee that input 

materials and final product consistently and 

reliably meet specified quality requirements. The 

product must be sufficiently robust in its design to 

endure fluctuations in the manufacturing process, 

and the manufacturing process itself must be 

capable and stable in order to guarantee the 

continuous production of safe products with 

satisfactory performance. A number of actions 

must be taken throughout the course of the process 

and product lifetimes in order to validate the 

process 
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