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ABSTRACT

The introduction to validation and a standard framework for process validation in the
pharmaceutical business are the main topics of this essay. "Validation is documented proofthat
offers a high level of assurance" is the definition of the term validation. One of the recognized and
significant topics in the pharmaceutical industry nowadays is validation. The method has been
developed so that all of the specified requirements have been met and that regular production will
always result in an output that satisfies the necessary parameters. Together, the overall quality of
the products will be ensured via validation and quality assurance. Process validation guarantees
that a procedure will consistently produce a product that satisfies its specified quality standards. It
is a crucial step in manufacturing, prototyping, and design. As all productsmust adhere to the
highest quality standards, it is imperative that medications are manufactured to these stringent
standards as well. This article offers a comprehensive overview and highlights the importance of
process validation in pharmaceutical production.
Keywords: Validation, Process Validation, Documentation, Analytical Methodology

1.INTRODUCTION

In terms of giving society access to better and previous three to four decades. When the
improved medications, the pharmaceutical conceptof validation was first introduced to
sector has advanced significantly during the the global industry in the early 1970s,
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manufactured goods were tested to ensure that
they met predetermined specifications.
However, it was quickly realized that this was
not the scientific way, and they began to check
every stage of the manufacturing process [1].
The dosage form's production process must
adhere to the strictest quality standards. The
primary goal of designing a dosage form is to
provide a medication with a predictable
therapeutic application that can be produced
on a huge scale while maintaining product
quality, safety, and efficacy. Validation serves
as a quality assurance measure, providing a
high level of assurance that the production
processes, testing methods, systems, software,
and equipment used are operating within a
validated environment [2]. Process validation,
as defined by the USFDA, involves
substantiating with documentedevidence that
a particular progress will reliably produce a
drug that conforms to its Pre-established
qualification and quality assurance. Drug
products must be manufactured with a top
level of confidence that they meet all the
intended confidence, in accordance with the
cGMP requirements for pharmaceutical
production validation (21 CFR 211.100 (a)
and 211.110 (a)) [3].

The foundation of ¢cGMP, pharmaceutical
process validation, is essential to guaranteeing
product quality. It continually aims to
manufacture safe and effective products while

adhering to quality system (QS) rules. Process

validation standardizes the paperwork needed
for marketing authorization applications,
which makes it easier to conform to quality
management system (QMS) requirements [4].
Certification of systems and equipment often
constitutes a component of validation. It is
essential for meeting various regulatory
requirements as well as for maintaining good
manufacturing practices. The domain of
validation comprises several subdomains to
cater to the diverse range of techniques,
procedures, and undertakings that demand
validation. Numerous qualities are necessary
to ensure the product, that includes its
chemical and physical stability, its ability to
defend against microbiological contamination
when necessary, its consistent drug dosage, its
acceptability by patients and prescribers, and
its appropriate packaging, labeling, and
validation [5].

Establishing written proof which provides an
adequate level of trust that a specific process
will consistently produce a product meeting its
initial requirements and quality
characteristics" is how the US-FDA defines
process validation. Process validation, as
defined by EMEA, provides proof that a
process can function efficiently and
reproducibly to generate a medical product
that satisfies its predefined specifications and

quality attributes when it is run within

specified parameters [6].
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Types of validation

|
I

Equipment validation Process validation

Analytical validation Cleaning validation

2.VALIDATION
In the pharma industry, validation is a critical
process that ensures systems, processes,and
products meet stringent quality standards and
regulatory requirements. Validation is vital to
maintain the safety, efficacy, and quality of
pharmaceutical products throughout their
shelf life. the continued prosperity of the
industry hinges on the efficient use of
resources. Reworks, declines, recalls,
complaints, and product failures all greatly
increase the overall cost of production [7].

3. VALIDATION SET UP

To ensure consistent product quality, it is
essential to clearly define the desired product
characteristics, including physical and
chemical properties. For injectable products,
specific attributes like stability, absence of
contaminants, and clarity are paramount. To
achieve and maintain these qualities, strict
product specifications must be established.
These specifications should be derived from
rigorous testing and analysis conducted
throughout  product development and
manufacturing. A collaborative approach
involving engineers, production, and quality
crucial in

control teams is selecting

appropriate processes and equipment to meet

these product requirements. Each step of the
manufacturing process should undergo careful
scrutiny to verify its effectiveness in
delivering a product that consistently meets
the defined standards of quality, purity, and
performance.

3. ESTABLISHING A VALIDATION
FRAMEWORK

Specific properties of raw materials must be
defined to obtain a compound compatible with
the intended application. These properties
include both physical properties (such as
shape and texture) and chemical composition.
For  injectables (Panteral), specific
requirements such as stability, the absence of
harmful substances (pyrogens) and a clear
solution free of particles are important than
any other

Establishing clear acceptance criteria is
essential to maintaining consistency. These
values should be derived from extensive
testing and numerical analysis during the early
stages of product development and
manufacturing. The process should continue
to be monitored throughout the subsequent
stage.

The  selection of an  appropriate
manufacturing process and equipment is
essential to address the material issues. This
decision often requires the collaboration of
engineers, manufacturers, and quality
specialists. The process must be well
documented, with each step scrutinized to

ensure its effectiveness. By following these
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principles, pharmaceutical companies can
consistently manufacture products that meet
the highest standards in terms of consistency,
purity and efficiency [7].

4. PROCESS VALIDATION

Process validation, according to the USFDA,
is the making recorded proof that offers a top
assurance that a certain progress will surely
produce a product that satisfies its preset
standards and attributes of quality. Process
validation provides the necessary flexibility
and limitations within production process
controls to attain desired qualities in a drug
product and to prevent unwanted
characteristics. Process validation is the
process of gathering information that provides
a sufficient degree of confidence that a
particular method will consistently produce a
good that meets its specified requirements and
quality attributes.

A product's quality, safety, and efficacy are
guaranteed by a number of elements, such as
the use of premium materials and components,
process control, in-process monitoring,
product design, and final product testing.
Regular testing of the finished product is
insufficient because of the complexity of
pharmaceutical items. Production procedures
should be designed with quality in mind, and
they should be continuously monitored to
ensure that the final product satisfies all
quality requirements [8]. As part of quality
assurance, validation

process produces

recorded evidence that the manufacturing

process regularly performs, which helps to
make sure the qualityof medicinal products.
Manufacturing process validation is a

continuous  procedure  that  involves

monitoring and assessing the process
performance [9].

5. REGULATORY REQUIREMENT FOR
PROCESS VALIDATION

Manufacturing processes should be carefully
planned and managed in line with CGMP
regulations to guarantee that both input
materials and the final product meet
established quality standards dependable and
constantly. The CGMP requirements stated in
sections 210 and 211 necessitate process
validation, both generally and specifically [10].
The initial requirement states that the
specifications for the final drug product must
be consistent with  the  in-process
specifications for the relevant characteristics
of both the in-process material and the final
drug product.

The second premise states that in-process
requirements must be determined by applying
appropriate statistical procedures where
necessary, as stipulated by this rule [11].

The USFDA defines process validation as
"generating recorded evidence that provides an
elevated level of certainty that a specific
method will routinely yield an item which
exceeds its established criteria and quality
standards."

"Process validation is defined by WHO
CGMPs as the establishment of recorded proof

I9BPAS, January, 2026, 15(1)

217



Samidurai S et al

Review Article

that provides a high degree of quality that a
particular method will repeatedly yield a
product matching its established specifications
and quality standards."
The process validation guidelines issued by
different organizations are generally similar,
andour product is designed for the UK market"
[12].
6. ELEMENT OF VALIDATION
Recognized ¢cGMP standards emphasize the
necessity of process validation. The Quality
regulation requires this validation to guarantee
the consistent production ofgoods that fulfil
their intended uses [13].
The qualification comprises the following:

1. Design Qualification (DQ)

2. Installation Qualification (IQ)

3. Operational Qualification (OQ)

4. Performance Qualification (PQ)
6.1 Design Qualification (DQ)
Regarding equipment, the design principles
must ensure that GMP objectives are achieved.
Reviewing the mechanical diagrams and
design specifications provided by the
instrument maker is crucial.
6.2 Installation Qualification (1Q)
Demonstrating objectively that all critical
components of the equipment and auxiliary
system installation comply with the maker's
authorized details and that the
recommendations of the equipment dealer are
duly taken.
6.3 Operational Qualification (OQ)

Tests are designed based on a comprehension

of the procedures, systems, and tools, which
establish the operational upper and lower
bounds. These are often termed as "worst
case" scenarios.

6.4 Performance Qualification (PQ)
Completing PQ is the subsequent qualification
step following IQ and OQ. Tests utilizing
production  materials, alternatives, or
simulated products can be devised by applying
processknowledge to the facilities, systems, or
equipment involved.

7. PROCESS VALIDATION WITHIN
QMS
Process validation is a fundamental
requirement of a quality system. It is
conducted within a system encompassing
process control, quality assurance, design and
development control, as well as corrective and
preventive actions. To guarantee the ongoing
production of safe and effective products, both
the product and the manufacturing process
must be competent and stable. In order for the
product to survive changes during the
manufacturing process, it needs to be durable
enough

Often, inadequate procedures and process
validations are identified through corrective
actions. Each corrective action implemented
in a manufacturing process must consider
process validation and revalidation [11].

8. GENERAL CONSIDERATIONS FOR
PROCESS VALIDATION

Successful manner validation hinges on
meticulous

challenge management and
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comprehensive documentation at some point
of a product’s lifecycle. To reap this, a
multidisciplinary crew, encompassing experts
from technique engineering, pharmaceutical
sciences, analytical chemistry, manufacturing,
and best warranty, must collaborate carefully.
A nicely-defined undertaking plan, backed by
way of strong leadership support, is vital for
driving the technique validation initiative
ahead. Continuous research and
experimentation are essential for gaining a
deep expertise of the product and its
manufacturing technique. These studies need
to be meticulously planned, carried out,
documented, and authorised according with
established medical concepts and regulatory
tips.

Given the complexity of many production
processes and the ability for product variant
between batches, method validation is
imperative in making sure regular product
quality. By systematically figuring out and
mitigating elements that might impact
production, supply, and in the long run, patient
safety, manner validation safeguards product
integrity. It's crucial to be aware that this
guidance does now not prioritize unique
attributes or  parameters. Instead, it
emphasizes the significance of a holistic
technique to technique validation, wherein all
relevant elements are considered and
controlled successfully by adopting these
ideas, companies can drastically enhance the

robustness and  reliability in  their

manufacturing tactics, ultimately main to
improved product exceptional and affected
person effects [14].

9. STAGES OF PROCESS VALIDATION

Process validation includes actions that take
place across the process and product life
cycles. Process validation is the correction of
data, both during the commercial production
phase and during the process design stage, that
provides empirical evidence of a process's
ability to consistently produce high-quality
goods. Process validation necessitates a series
of actions that are taken during the course of
the process and productlifetimes. There are
three stages may be distinguished in the
validation study venture[15]. The process
design includes determining which industrial
manufacturing procedure will be reflected in
the master production and control record
planning. This stage's objective is toset up a
regular business procedure that reliably
produces a item that exceeds its quality
requirements [9].

10. PROCESS QUALIFICATION

The aim of this stage is to establish a standard
commercial procedure that consistently yields
a product expected to meet its criteria.

11. CONTINUED PROCESS VERIFICATION
To achieve this, a system, or multiple systems,
are needed to detect unintentional deviations
from the intended process. The information
gathered at this stage can suggest ways to alter
a process or product. This could involve

adjusting operating conditions (such as ranges
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and setpoints), process controls, components,
or the properties of materials being processed,
all withthe aim of improving and optimizing
the process [16].

12. PHASES OF THE VALIDATION
PROCESS

There are three stages to the activities involved
in validation studies:

12.1 Phase 1:
Validation Phase

Qualification or Pre-

It includes all aspects of product development
and research, including products, a pilot group
studies, expansion studies, and transferring
technology to a commercial setting. Stability
and batches circumstances, instruments
storage and handling of completed and in-
process dosage forms operational credentials,
master production papers, installation
qualification, and qualification, ability to
process.

12.2 Phase 2: Process Validation phase

The process validation phase is designed to
verify the effectiveness of established control
limits for critical process parameters and
ensure consistent production of high-quality
products under worst-case conditions. This
phase involves conducting studies and trials to
confirm that all system components,
subsystems, and operational units function as
intended. Additionally, it verifies that all
critical parameters operate within their
specified control ranges. These studies and
trials, which serve as the foundation for
assessment and

process capability

verification, are meticulously documented to
ensure their reliability and traceability.
12.3 Phase 3: Validation Maintenance
The validation maintenance phase involves
ongoing oversight of all process-related
documentation, including validation audit
reports. This rigorous review ensures that no
unauthorized changes, deviations, failures, or
modifications have occurred within the
production process. Adherence to all standard
operating procedures, including change
control protocols, is also verified. The
validation team maintains vigilant monitoring
to detect any changes that might necessitate
requalification or revalidation of the process
[9].
13.TYPES OF PROCESS VALIDATION

1. Prospective process validation

2. Retrospective process validation

3. Concurrent validation

4. Process Re-validation
13.1 Prospective process validation
Validation is described as the officially
documented evidence that a system performs
according to its stated claims based on a
predetermined agreement. Whether it is for a
new product or onemade using a modified
manufacturing technique, this validation is
usually carried out before distribution and is
carried out on at least three consecutive
production batches [17].
13.2 Retrospective process validation

Batch documents may serve as the data source

for such validations, encompassing process
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capability studies, maintenance logbooks,
process control charts, and finished product
information, which includes trend and stability
data [6].

13.3 Concurrent validation

Validation is conducted in exceptional
situations, such as with low-volume products,
and also during standard manufacturing
processes. Concurrent validation requires a
decision, documentation, and approval from
an authorized person [14].

13.4 Process Re-validation

Revalidation is required whenever there are
changes to the drugs primary packaging
material, starting material suppliers, critical
equipment, or facilities, as well as significant
process parameters. Additionally, In the event
that batches fail to meet product and process
standards, process revalidation is required [2].
14. ENSURING CONSISTENT TABLET
QUALITY THROUGH PROCESS
VALIDATION

Tablets, a prevalent solid dosage form in
pharmaceuticals, consist of active ingredients
combined with various excipients. These
excipients, such as binders, glidants, and
lubricants, serve distinct functions in tablet
production. For instance, disintegrants
facilitate tablet breakdown, glidants improve
powder flow, and flavoring agents enhance
taste. A comprehensive understanding of the
tablet manufacturing process is essential for

effective process validation. This knowledge

allows for the identification of critical process

steps that require special attention to prevent
potential issues.

15. ENSURING CONSISTENT QUALITY
THROUGH LIQUID PRODUCT
PROCESS VALIDATION

Liquid preparations are formulated by
dissolving, suspending, or dispersing drugs
within a suitable carrier. These products

typically contain multiple doses and are

packaged in bottles
16. ENSURING CONSISTENT
OINTMENT/CREAM QUALITY

THROUGH PROCESS VALIDATION
Primarily designed for external use,
semisolids like creams, jellies, and pastes
possess a consistency intermediate between
solids and liquids. Their unique texture
presents manufacturing challenges [6].
17.PREREQUISITE OF  PROCESS
VALIDATION

The suggested master plan, pilot scale data,
scale-up batch, and product development
report will all be reviewed by the Process
Improvement Designee. Furthermore, a
formula sheet will be developed for the item to
be made. Process validation is done after the
validation and release of laboratory test
methodologies, facilities, utilities, and
equipment for process validation activities.
Minimal analytical technique validation is
necessary when employing the compendia
approach Process validation does not
commence until the space and equipment have

undergone thorough cleaning.
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Prior to executing process validation batches,
it is mandatory to obtain authorization for all
specifications, manufacturing instructions,
packaging instructions, testing procedures,
and master formulas.

18.VALIDATION PROTOCOL

A documented action plan is essential for
outlining the steps of process validation. It
should detail who is responsible for various
tasks, define testing criteria, sampling
strategies, testing techniques, and
requirements, as well as specify the product
features and equipment to be used. The
following protocol elements such as Goals and
areas covered by the validation research, The
members of the validation team, along with
their roles and credentials, Needs for all
measuring instruments to be calibrated and a
copy of the product's master papers serves as
an explanation of the processing procedures.
19. VALIDATION MASTER PLAN

The validation master plan should encompass
a detailed description of the strategy, content,
and organizational structure pertinent to the
validation process. Essential elements include
the projected schedule and an inventory of
items requiring validation.

The Validation Master Plan must be succinct,
neat, and reader-friendly, serving as an
overview. It should relate to prior papers such
as policy papers, SOPs, verification
procedures, and studies to avoid repeating

already recorded material such as overview

and this includes the scope, location,

timetable, and validation policy and
organizational structure and this includes
responsibilities allocated to staff members,

description of the plant and critical process

aspects
20. DOCUMENTATION
Effective = communication in intricate,

protracted, and interdisciplinary projects
depends on the documentation of the process
validation lifecycle, from product
development to full-scalemanufacture.

To make sure that everyone involved in the
lifecycle can access and comprehend the
knowledge acquired about a product or
process at every level, documentation is
essential. Transparent information, scientific
access to the production process, and a
thorough historyof the final product are all
components of the ideal documentation [16].
21. ANALYTICAL METHODOLOGY
Validated analytical techniques aren't always
necessary for developing new products and
processes. However, analytical techniques
should yield dependable findings and be
scientifically =~ sound. @ For  laboratory
investigations,equipment functionality should
be guaranteed. Protocols for the analytical
apparatus andmethodology. It is important to
record or explain the maintenance,
documentation, and calibration procedures
that support process-development activities
[9].

Possible crucial process variables for standard

operations of the Solid Dosage Form Unit [8].
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1. How long does the powder blend?

2. The active particles' range of sizes

3. Allocating time and velocity

4. Concentration of granulating fluid-
binder amount

5. Final moisture content and drying time

22. CONCLUSION:
In the pharmaceutical sector, process
validation is crucial in maintaining the quality
of the finished product. A pharmaceutical
industry program ought to include validation.
To make sure that the product satisfies all
manufacturing, regulatory, and quality
standards, the process validation team should
pinpoint the critical elements of the process
andresulting product. Data gathered in the
preceding phase can offer the fundamental
data needed to implement an efficient
validation procedure. To keep the process
under control, thechosen parameters need to
be crucial. Global regulatory bodies will be
able to guarantee repeatable quality goods
with greater awareness of validation and its
procedure.
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