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ABSTRACT 
 

The present article gives an introduction and general overview on process validation as an essential process for 
manufacturing pharmaceutical products. Process validation is an important component in the design, prototyping 
and manufacturing process and assures that a process will consistently produce product, meeting its predeter- 
mined quality characteristics and attributes. As quality is always an imperative prerequisite when we consider any 
product. Therefore, drugs must be manufactured to the highest quality levels. Also end-product testing by itself 
does not guarantee the quality of the product so quality assurance techniques must be used to build the quality 
into the product at every step and not just tested for at the end. In pharmaceutical industry, Process Validation 
performs this task to build the quality into the product because according to ISO 9000:2000, it had proven to be 
an important tool for quality management of pharmaceuticals. 
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INTRODUCTION 

In an environment of increasing global cutting edge 
competition where countries with lower production 
costs quickly catch up technologically, a new thinking is 
required in order to meet the competition. A proactive 
way of meeting the increasing competition is to focus 
on maximizing the utilization of existing technology 
and faster than the competitors, being able to conti- 
nuously introduces and make use of new technology, 
In this endeavor out sourcing of the products to 
cheaper third party/own location is gaining world wide 
acceptance (Ramamurthy M et al., 1997). Once the 
manufacturing site is approved the next step entails 
regulatory submission for marketing authorization. In 
support of which process validation data plays an im- 
portant role and known as the essential quality assur- 
ance tool for pharmaceutical industries (Dashora K et 
al., 2005). 

The Supportive data should show pharmaceutical equi- 
valence between the product manufactured at the 
donor and recipient site. The data should show that 
the process is under control with no significant varia- 
tion in the critical parameters. A successful industrial 
validation thus entails a strategic approach encompass- 
ing the whole chain. A manufacturer may decide to 
validate a process to improve overall quality, eliminate 
scrap, reduce costs, and improve customer satisfaction, 
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or other reasons. 

VALIDATION IN GENERAL ACCORDING TO DIFFERENT 
REGULATORY BODIES 

US FDA defines process validation as establishing do- 
cumented evidence which provides a high degree of 
assurance that a specified process will consistently 
produce a product meeting its pre-determined specifi- 
cations and quality characteristics (U.S FDA., 2005). 

European Commission defines process validation is 
establishing documented evidence that the process, 
operated within established parameters, can perform 
effectively and reproducibly to produce a medicinal 
product meeting its predetermined specifications and 
quality attributes (European Economic Community., 
1991). 

REGULATORY REQUIREMENT FOR PROCESS VALIDA- 
TION 

The basic principles of quality assurance have as their 
goal the production of articles that are fit for intended 
use. These principles may be stated as follows. 

• Quality, Safety and effectiveness must be designed 
and built in to the product. 

• Quality can’t be inspected or tested in to finished 
product. 

• Each step of the manufacturing process must be 
controlled to maximize the probability that the fi- 
nished product meets all the quality and design 
specification (Food and Drug Administration, Fed- 
eral Register., 1996). 

In this regard process validation is a key element in 
   assuring that these quality assurance goals are met. By 
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successfully validating a process it is possible to reduce 
the dependence up on intensive in process and fi- 
nished product testing and all the key elements of a 
validation program should be clearly defined and do- 
cumented in a validation master plan or equivalent 
documents (Ruckmani, K et al., 1999). 

It should contain precise data of: 

• Validation policy 

• Organizational structure of validation activities 

• Summary of facilities, systems, equipment and 
process to be validated. 

• Documentation format to be used for protocols 
and reports. 

• Planning and scheduling. 

• Change control 

• Reference to existing documents 

TYPES OF PROCESS VALIDATION 

Prospective Validation 

This type of validation activity is normally completed 
prior to the distribution and sale of the drug product, it 
is generally considered acceptable that three consecu- 
tive batches/runs within the finally agreed parameters, 
giving product of the desired quality would constitute a 
proper validation of the process, it is preferred that the 
validation batches made should be of the same size as 
the intended production scale batches. When this is 
not practical, a reduced batch size corresponding to at 
least 10% of the intended batch size for full-scale pro- 
duction can be considered (Kathiresan K, et al., 2005). 

Concurrent Validation 

This type of validation is carried out during routine 
production activity and in exceptional cases (Lcw vo- 
lume products), in this validation the document re- 
quirements are same as prospective validation and the 
decision to carry out concurrent validation must be 
justified, documented approved by authorized person 
(Jena S., An overview 2010). 

Retrospective Validation 

This type of validation is acceptable only for well- 
established processes, without any change in the com- 
position of the product, operating procedures and 
equipments. The source of data for this type of valida- 
tion may include batch documents process control 
charts, maintenance logbooks, process capability stu- 
dies, finished product data, including trend data and 
stability data. Batches selected for retrospective valida- 
tion should be representative of all batches made dur- 
ing the review period including any batches that fail to 
meet the specification, and finally the data generated 
from 10 to 30 batches should be examined to assess 
process consistency (World Health Organization 2003). 

Revalidation 

Revalidation provides the evidence that changes in a 
process introduced intentionally/unintentionally do 
not adversely affect process characteristics and prod- 
uct quality (World Health Organization 2003). 

Revalidation may be required in following cases: 

Change in formulation, procedure or quality of phar- 
maceuticals ingredients, change in equipment, addition 
of new equipment, major change of process parame- 
ters, change in site, on appearance of negative quality 
trends and when batch size change. 

ELEMENTS OF VALIDATION 

1) Installation Qualification (IQ) 

2) Operational Qualification (OQ) 

3) Performance Qualification (PQ) 

Each of these elements requires a pre-approved proto- 
col with acceptance criteria and a report summarizing 
the results. 

What is an IQ? 

The IQ ensures that all equipment has been installed 
correctly with applicable inputs (e.g., power or com- 
pressed air), all environmental conditions have been 
met (e.g., temperature or humidity or air quality), all 
required calibrations have been performed (e.g., pres- 
sure gauges or temperature gauges), all safety meas- 
ures have been implemented and the equipment has 
been entered into the manufacturer’s PM (Preventive 
Maintenance) and calibration systems to ensure prop- 
er maintenance (Quality Management Systems 2004). 

What is an OQ? 

The OQ demonstrates that the process produces con- 
forming product throughout the range of process in- 
puts, which include process parameters (e.g., tempera- 
ture, pressure or time), raw material specifications, 
production logistics (e.g., personnel or multiple shifts) 
and duplicate sets of equipment where appropriate 
(e.g., multiple production lines). Including worst-case 
combinations of process parameters is critical to dem- 
onstrate that the entire range of process parameters 
will produce acceptable product. Training of manufac- 
turing operators on the manufacturing procedures is 
also required. These procedures must be approved 
either by the validation team as an attachment to the 
OQ protocol or through the manufacturer’s document 
control system if it allows a controlled-release of pro- 
cedures prior to completion of the process validation 
(Lambert J. Validation guidelines for pharmaceutical 
dosage forms., 2004). 

What is a PQ? 

The PQ demonstrates that the process consistently 
produces acceptable product. Often this is interpreted 
as producing three lots at the nominal process parame- 
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ter(s). This three-lot guidance is based on a statement 
in the FDA’s preamble to the Quality System Regula- 
tion. Although this practice has been widely adopted 
by industry, the minimum number of lots required for a 
PQ is the responsibility of the manufacturer and should 
be based on the specific production logistics, such as 
the number of manufacturing shifts and production 
lines (Lambert J. Validation guidelines for pharmaceuti- 
cal dosage forms, 2004). 

STAGES OF PROCESS VALIDATION 

Stage 1 – Process design: The commercial process is 
defined during this stage based on knowledge gained 
through development and scale-up activities. 

Stage 2 – Process qualification: During this stage, the 
process design is confirmed as being capable of repro- 
ducible commercial manufacturing. 

Stage 3 – Continued process verification: Ongoing as- 
surance is gained during routine production that the 
process remains in a state of control (Microbiology 
Standards & Controls by Norman Hodges and Geoff 
Hanlon). 

GENERAL CONSIDERATIONS FOR PROCESS VALIDA- 
TION 

It emphasizes the importance of making the entire 
process validation program more effective and efficient 
through the use of: 

• Good project management and robust scientific 
knowledge management 

• Uniform collection and assessment of informa- 
tion about the process which should seek to re- 
duce the chance for redundant information ga- 
thering and thereby enhance the accessibility of 
such information later in the product lifecycle 

• Process Simulation 

• An integrated team approach that includes ex- 
pertise from a variety of disciplines 

• Project plans 

• The support of senior management 

KEY POINTS OF THE PROCESS VALIDATION APPROACH 
ARE 

• A successful validation program depends upon 
information and knowledge from product and 
process development. 

• This knowledge and understanding is the basis for 
establishing an approach to control that is appro- 
priate for the manufacturing process. It emphasiz- 
es the importance of process control, pointing out 
the importance of both QA professional and the 
line operator in providing feedback and continued 
process verification. 

• The need for ongoing data analysis, within and 
between production batches. 

• Each manufacturer should judge whether it has 
gained sufficient understanding to provide a high 
degree of assurance in its manufacturing process 
to justify commercial distribution of the product. 

• Emphasizing that effective process validation con- 
tributes significantly to assuring drug quality (Mi- 
crobiology Standards & Controls by Norman 
Hodges and Geoff Hanlon). 

PROCESS VALIDATION PROTOCOL FORMAT 

• Purpose 

• Scope 

• Responsibility 

• Process History 

• Process Description/Flow 

• Processing Variables/controls 

• Worst case challenge and Rationale 

• Validation 

• Process Change Control 

APPROACHES TO VALIDATION PROCESS 

There are two basic approaches to the validation of the 
process itself. These are the experimental approach 
and the approach based on the analysis of historical 
data. The experimental approach, which is applicable 
to both prospective and concurrent validation that may 
involve. 

• Extensive product testing 

• Simulation process trials, 

• Challenge/worst case trials, and Control of process 
parameters. 

VALIDATION DOCUMENTS 

Validation Master Plan 

Validation master plan should provide an overview of 
the entire validation operation, its organizational struc- 
ture, its content and planning. The main elements of its 
being the list/inventory of the items to be validated 
and the planning schedule. All validation activities re- 
lating to critical technical operations, relevant to prod- 
uct and process controls within a firm should be in- 
cluded in the validation master plan. It even holds the 
Calibration and Qualification of Equipments, summary 
and conditions of Validation Protocol (Lambert J. Vali- 
dation guidelines for pharmaceutical dosage forms, 
2004). 

Validation Protocols 

A written plan stating how validation will be conducted 
  is documented including test parameters, product cha- 
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racteristics, production and packaging equipment, and 
decision points on what constitutes acceptable test 
results. This document should give details of critical 
steps of the manufacturing process that should be 
measured, the allowable range of variability and the 
manner in which the system will be tested. The valida- 
tion protocol provides a synopsis of what is hoped to 
be accomplished. The protocol should list the selected 
process and control parameters, state the number of 
batches to be included in the study, and specify how 
the data, once assembled, will be treated for relev- 
ance. The date of approval by the validation team 
should also be noted (Dashora K et al., 2005). 

Validation Reports 

It summarizes the data and declares the disposition of 
the item validated. A written report should be available 
after completion of the validation. 

If found acceptable, it should be approved and autho- 
rized (signed and dated) and the report should include 
at least the following: 

• Title and objective of study 

• Reference to protocol 

• Details of material 

• Equipment 

• Programs and cycles used 

• Details of procedures and test methods. 

• Result (compared with acceptance criteria), and 

• Recommendations on the limit and criteria to be 
applied on future basis. 

CONCLUSION 
From study, it can be stated that Process validation is 
an essential process in pharmaceutical organizations. It 
is a key element in assuring that the quality goals are 
met. Successfully validating a process may reduce the 
dependence upon intensive in process and finished 
product testing in that case pharmaceutical validation 
and process control provide a certain assurance of 
batch uniformity and integrity of the product manufac- 
tured. Finally, it can be concluded that Process valida- 
tion is a key element in the quality assurance of phar- 
maceutical product as the end product testing is not 
sufficient to assure quality of finished product. 
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