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Abstract: Cleaning validation is a critical process in the pharmaceutical industry to ensure that equipment, facilities, and processes are
thoroughly cleaned to prevent cross-contamination and ensure product quality, safety, and regulatory compliance. This abstract provides
an overview of the key aspects of cleaning validation, including its importance, regulatory requirements, and common methods employed.
It highlights the challenges faced in cleaning validation, such as residue identification and detection limits, and discusses the risk-based
approach to determine the extent of cleaning validation required. Furthermore, the abstract explores the use of analytical techniques,
such as HPLC and TOC, in assessing cleaning effectiveness and verifying residue removal. Additionally, it addresses the documentation
and validation protocols necessary to demonstrate compliance with regulatory standards, such as FDA and EMA guidelines. Overall,
cleaning validation plays a vital role in ensuring pharmaceutical products’ safety and efficacy, underscoring its significance in the

industry’s quality assurance practices.
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1. Introduction

To ensure consistency and uniformity, cleaning validation is
required. This is done by focusing on accepted cleaning
techniques.[ Cleaning validation is a systematic process that
certifies how well and reliably pharmaceutical production
equipment is cleaned. The detection and correction of any
issues that were previously unknown and might compromise
the efficacy, safety, or quality of upcoming batches of drug
products made using the equipment is the main advantage of
carrying out this kind of validation work.?! Regulations direct
that cleaning programs be implemented with effectiveness.l®!
Analytical analysis of a cleaning process is aided by cleaning
validation.¥! The goal is to give our patients access to
expensive pharmaceutical items.(! It is vitally necessary to
validate equipment cleaning techniques because the
pharmaceutical industry uses them primarily to prevent cross-
contamination and adulteration of prescription goods.®
Validating a cleaning procedure’s main goal is to make sure
that federal and other standards are followed rules.[l In
pharmaceutical manufacturing, cleaning verification is a
crucial step that guarantees there is no compromise on the
maximum permissible carry-over (MACO) or cross-
contamination limit between batches. For patient safety,
cleaning verification is therefore essential.®l The goal of
validating the cleaning procedure in any pharmaceutical
facility is to offer a well-supported, documented explanation
for the effectiveness and consistency of the cleaning technique
applied to get rid of any microbiological, inactive, or active
residues.r

Cleaning Validation Definition

According to current scientific and technological
advancements, cleaning validation is “the process of obtaining
and documenting sufficient evidence to give reasonable

assurance that the cleaning process under consideration does,

and/or will do, what it pretends to do”.[2%

2. Objectives

To prevent malfunctions or contamination that would alter the
safety, identity, strength, quality, or purity of the drug product
beyond the official or other established requirements,
equipment and utensils shall be cleaned, maintained, and
sanitized at appropriate intervals.[M Additionally, it guarantees
process quality through internal control and adherence to
regulations.”l’ To confirm that cleaning methods are
successful and that there are no hazards from cross-
contamination of the active ingredient or detergents/
sanitizer.l®l It guarantees the product’s purity and safety. In the
production of active pharmaceutical ingredients (APIs),
regularity is required. Verifying the efficacy of cleaning
methods for eliminating product residues, degradation
products, preservatives, excipients, and/or cleaning agents, as
well as managing any microbiological contamination, is the
aim of the cleaning validation.[*!l

Purpose of Cleaning Validation

The primary goal of cleaning validation is to determine the
effectiveness and consistency of clean-up in designated
pharmaceutical production equipment to prevent adulteration
and cross-contamination of drug substances and products with
other active ingredients, such as unintentional compounds or
microbiological contamination. The FDA recently published
its new Guidelines for Process Validation, and almost all of its
components and reasoning apply directly to cleaning
validation.l*2
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Cleaning Validation Policy!™

The following categories of remarks should be included in the

policy, but not exclusively:

1) Definition and/or terms for the words (such as rinse,
flush, and wash) used in validation.

2) Outlining the organization’s cleaning protocol validation
for all equipment, including support.

3) The company’s policy regarding the equipment allocation
according to product (for example, manufacturing highly
active/potent items on multi-product equipment).

4) The analytical validation policy.

5) Justification for fixed acceptance standards.

6) Revalidation policy.

When Cleaning Validation[31314

1) Initial equipment and process qualification.
2) Critical modification in a cleaning method.
3) Critical modification in formulation.

4) A notable modification to the formulation.
5) Modification to the cleaning procedure.

6) Substituting out the cleaning agent.

Benefits of Cleaning Validation!*®!
1) Making wise business choices
2) Quality expenses are decreased
3) Equipment redesigning

4) Batch integrity

5) Preventing cross-contamination
6) Assurance of quality and safety
7) Government regulations;

8) Microbe integrity

9) Product integrity

Sampling Methods
Rinse and swab sample are the most often used sampling
techniques in cleaning validation.!

a) Swab Sampling

Swabs should not impede the assay and should be compatible
with the active substances. They shouldn’t lead to any
deterioration of the substance. High-Performance Liquid
Chromatography (HPLC) is the most widely utilized
analytical method for swab extract analysis in the
pharmaceutical and biopharmaceutical industries. 6]

» The swab extact

* By adding 1t dilution solvent

* The extract examined by suitable Analytical method

* Asmall area of the Cleaned Eequiment is swabd

Figure 1: Method of swab sampling*”]

b) Rinse Sampling

Rinse sampling is a technique that does not include any
mechanical activity on the surface. The sample is obtained
either as a final rinse or as a rinse that is expressly
administered to collect a validation sample.B®l The active
ingredient’s solubility should be taken into consideration

while choosing the solvent, which should either replicate a
later batch of the product or at the very least offer sufficient
solubility.

c) Placebo Sampling

All common excipients are present in placebo material, but the
active ingredient is absent. The idea behind a placebo is that
since it travels down the same route as the product, it may be
able to remove any remaining product from those pathways.!
A placebo should resemble the features of the product. The
selection of the placebo batch size is also influenced by the
features of the equipment.[*€]

d) Direct Sampling

To determine whether the sample material interferes with the
test, it is necessary to determine the type of sampling material
used and how it affects the test data.?! The benefit of
employing these strategies is that sampling and analysis can
be completed in a single step without actually losing any
sampling system. 1]

e) Microbial Sampling

Direct contact plates {replicate organism identification and
counting} offer quantitative analysis and are appropriate for
flat surfaces when evaluating microbial bio burden.ll
Following machine drying, the machine surface was subjected
to microbiological surveillance.?%

f) Solvent Extraction

Materials that are poorly soluble in water may only be
satisfactorily determined using a solvent extraction. This
procedure will make people wonder if aqueous cleaning
techniques are sufficient. The last aqueous rinse would be
followed by solvent extraction.[®

g) Pseudo-product sampling

Sometimes it’s helpful to figure out how much surface In
reality, residuals are worn out or solvated by attrition into a
depiction of the product that will be produced later. These
“Pseudo-products” can be handled by the apparatus under
basically standard operational parameters to highly
realistically the real method of manufacturing.?4

h) Coupon sampling

Coupons made of the same materials as the object that must
be cleaned can be attached to the apparatus, injected with the
product, cleaned, and then sent to the lab for in-depth
examination and recovery research. 22

Identify product equipment process I

) Setuop the acceptance critera and prepare proper SOP I

Collect swab and Rinse I

Ricovery Study

Inspect Visuvally

) Confirm Effectiveness

WValidate Cleaning Procedure

Figure 2: Cleaning Validation Steps[?
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Advantages of Cleaning Validation[*2]

e Lower utility costs.

o There is no market recall.

o Simpler equipment maintenance.

o Refraining from making capital purchases.

o A decrease in reworks and rejects.

o Lower accident rates lead to increased safety.

Disadvantages of Cleaning Validation™!

e This is an extremely time-consuming procedure.

e The manufacturing process is frequently intricate and
expensive.

Evaluation of Cleaning

Visual Cleaning Test: Every piece of equipment, whether in
direct or indirect contact with products, needs to have its
cleanliness assessed visually.[4

Spiking Test: This test verifies that all residue has been
removed from the equipment; it should not be visible. A series
of the worst case is diluted in a volatile solvent and applied to
the surface of the test apparatus, which is comparable to the
surface of the sample.[*]

Bracketing or Worst Case Rating: In the pharmaceutical
industry, if two or more products are similar and the same
process is being used, individual equipment validation for the
same product is not required. This reduces the number of
validations required, and instead, a single study is taken into
consideration for the worst-case or bracketing approach of
validation.[?

Microbiological evaluation: The assessment of the
microbiological contamination was conducted in compliance
with the European Pharmacopoeia, which involved counting
the total number of filamentous fungus and yeasts as well as
the assay of all microorganisms (aerobic bacteria).
Pseudomonas aeruginosa and Staphylococcus aureus
microbial enumeration tests are used in the microbiological
analysis of non-sterile items. Examine non-sterile materials
microbiologically to check for specific bacteria.[252¢]

Cleanability testing: Applying products or compounds to
coupons’ surfaces, weighing the product or compound, and
finally simulating a cleaning procedure are the steps involved
in cleanability testing. Products placed “as is” or dried onto
the coupons before testing to replicate equipment surface
conditions before cleaning can be used on the coupons. For
every product, duplicate coupons are required in order to
perform a statistical analysis. One possible setting for the
simulated cleaning procedure is a beaker or another kind of
model system. After that, the coupons are taken out and
scrutinized to find out how much stuff was taken out or is still
on the surface.?"!

Cleaning Agents(?.29:%
Cleaning products are divided into numerous major groups.
1) Solvents;
2) Water;
3) Commodity chemicals
Alkaline Chemical — NaOH
Acidic Chemical — Phosphoric acid

Oxidizer chemical — NaOCIl > pH 7
4) Developed cleaning products
5) Water-based detergent formulation

Cleaning Method[03132.22]

1) Manual cleaning

2) Semi-automatic procedures
3) Automatic procedures

4) CIP (Clean-in-place)

5) COP (Clean-out-of-place)
6) Time-related factors

7) Amount of cleaning cycles

Manual cleaning®

Hard to confirm. This calls for a thorough and cleaning
practice. Requires an extensive, superior training curriculum.
The procedure for hand hygiene addresses the dangers
involved. The right toilet design that satisfies needs for
storage, drying, and protection. A thorough SOP for cleaning
is necessary. Cleaning operator qualification and training
needed.

Method of Clean-Out-of-Place (COP)[B43]

Equipment that has been disassembled is cleaned in a central
washing machine. In addition to checking temperature and
ultrasonic activity, washing machines should also measure
cycle time, cleaning operation sequence, amount of detergent
dispensed, etc

Clean-In-Place Technique (CI1P)[3538

Without disassembling the equipment, cleaning is done in
place. Either an automatic program or human control is
available for the cleaning procedure. An extremely reliable
and reproducible cleaning technique. It is easily verifiable.
Since it’s a closed system, it’s challenging to visually inspect
every part.

Factors in Cleaning Validation(3"]

Remind yourself that cleaning validation is an intricate,
important, and crucial task. The following elements must be
considered when engaging in an activity:

a) product;

b) equipment;

c) facilities;

d) cleaning techniques

e) Cleaning products;

f)  Sampling;

g) Acceptance criteria, testing, and limits.

Life Cycle Approach to the Cleaning Validation[=0383°

Stage 1 (Process Design)

The equipment that needs to be cleaned, together with the
materials used in its construction and the regions that are
difficult to clean. The residue’s physical and chemical
characteristics and the solubility of the previous product

Stage 2(Process Qualification)

o Building design and equipment and utility qualification.
e Cleaning execution.

« PPQ protocol execution and report.

e Process performance qualification
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Stage 3 (Continuous Process Verification)

Ongoing process validation. Trending the whole data,
upholding validations, and performing preventive
maintenance. Regular evaluation of the procedure.

The cleaning process will take the following into account:!!
o Dismantling the system,

o Cleaning beforehand with filtered water,

o Last rinse with water for injection,

e Equipment CIP and SIP procedures,

o Using filtered compressed air for drying,

e The intricacy and layout of the apparatus,

o The operator’s training and the system’s size.

Cleaning and cleanliness are linked to four categories of items
that should be considered before implementing any cleaning
strategy: products, equipment, production, and economics.*!

Level of Cleaning

Cleaning levels are primarily determined by the following
factors: Equipment use, Manufacturing stage, And kind of
potential contamination.

Level 1 Cleaning: This is employed when producing various
batches of the same product.

Level 2 Cleaning: This is employed in between the creation
of various batches of various products and/or at the end of the
manufacturing task.[30421

Table 1: Comparison between Levels*]

Parameter Level 2 Level 1 Level 0
Verification Analytical Visual Visual
Acceptance Lowest Highest Highest

Risk Highest Lowest Lowest

Degree of More Less Less

Analytical Method for Cleaning Validation

Target residues can be measured using a range of analytical
techniques. Analytical techniques for chemical residues are
covered in this article.*® The chemical makeup of the target
residues and the analytical limits set for those residues have a
significant influence on the analytical method chosen for
residue measurement.* The ability of the method to yield a
result that has a logical, scientific connection to the target
residue is a crucial component in the selection of an effective
analytical method. !

1) Precision

2) Accuracy

3) Linearity

4) Limit of Detection (LOD)

5) Limit of Quantitation (LOQ)

6) Range

7) Specificity

Deficiencies Discovered in Cleaning Program(*l

a) The cleaning materials and solvents are not specified,

b) The analytical method’s description and detection limits
are missing;

c) Cleaning acceptance criteria are not defined;

d) No standard cleaning methods are in place;

e) The detergents used are not researched;

f)  No visual inspection is performed,

g) The technique of swab sampling for difficult-to-clean
equipment parts is not used;

h) Sampling methods are not used and sampling plans are
inadequate;

i)  The analytical method does not compute recovery factors.

Challenges in Cleaning Validation

One of the most important steps in the manufacturing of
pharmaceuticals is cleaning validation. Validation cleaning is
challenging, but it pays off when a high-quality, safe product
is the end outcome. During cleaning validation, challenges
could include verifying that all impurities have been removed,
repeating the cleaning process, maintaining a specific
temperature and humidity level in the cleaning environment,
and maintaining the equipment in good working order. If the
initial results are not satisfactory, the testing protocols used to
validate the cleaning process might need to be changed, the
cleaning technique might need to be adjusted if it is not
effective in removing all impurities, and it might need to be
adjusted if it is causing damage to the equipment used in the
process.[*]

3. Conclusion

A cleaning validation procedure ought to be adhered to
whenever necessary and on a regular basis to guarantee that
every piece of equipment and every component is cleaned. An
evaluation of items and equipment, an analysis of how a
procedure affects regular operations, and the selection of the
right cleaning solution and technique should all be included in
a cleaning validation program. An overview of cleaning
validation in the pharmaceutical business is provided by this
review. The foundation of pharmaceutical operations is a
clean atmosphere. An integral part of GMP is cleaning
validation. Safety, identity, strength, and purity are the four
fundamental standards of GMP, and they can all be met via a
cleaning procedure and appropriate validation
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