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About the Book

The Cleaning Validation Manual provides technical solutions in both text and electronic
form that fulfill the training needs of finished pharmaceutical manufacturers, active and
nonactive pharmaceutical manufacturers, biopharmaceutical manufacturers, biotechnol-
ogy contract laboratories, bioresearch and development laboratories, universities, and
institutions offering cleaning validation courses and training.

The Cleaning Validation Manual with the CD-ROM is a valuable tool for both existing and
new biotech manufacturers, finished pharmaceutical manufacturers, and active/nonactive
API manufacturers. It is equally relevant to formulators, research and development man-
agers, manufacturing production supervisors and operators, and quality assurance per-
sonnel involved in process realization.

The manual provides exclusive training guidelines in electronic form on a CD-ROM
for customer convenience. This enables users to amend or adopt them with or without
reinventing the wheel, thus resulting in time-saving and optimal resource utilization.

The ready-to-use Cleaning Validation Manual is based on general principles of cleaning
and techniques provided on CD-ROM so that customers can input them into their com-
puters and use their own Microsoft Word® program to edit and print these documents.
The contents are written in simple language. The book will help to minimize the amount
of effort, to avoid the nightmare of validation managers, development managers, produc-
tion managers and R&D personnel trying to meet the regulatory training requirements
within optimal time establishing in-house training programs. The Cleaning Validation
Manual provides hands-on training information based on the current approach to using
the appropriate technique effectively. It refers exclusively to principles and techniques
applicable in the pharma industry and ensures product quality, potency, efficacy, and
safety. Specific formats are used to describe the concepts step by step to ensure that the
electronic files can be easily used worldwide with a diversified range of organizations
involved in pharma and biopharmaceutical development, manufacturing operations,
research & development, academic teaching, and professional development. Twenty-four
cleaning protocol templates along with the cleaning procedures and more than 200 APIs
with their toxicity and solubility levels have further added value to the book.

It is true that over the last few decades there has been significant advancement in the
development of biopharmaceuticals. However, there is no single book that provides all of
the following:

¢ A valuable ready-to-use cleaning validation manual

¢ Time saving for validation professionals

* Development of skilled manpower

® Ready-to-use cleaning validation master plans and procedures

¢ Cleaning procedure templates for over 20 extensively used pieces of manufactur-
ing equipment

* Templates for the 12 most commonly used equipment in solid dosage form

¢ Templates for the 6 most commonly used equipment in liquid dosage form
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¢ Templates for the 6 most commonly used equipment in the sterile area
® Matrix of toxicity and water solubility for over 200 APIs
¢ Reference to international regulatory compliance

¢ Reduced product development failures

* Prevention of reinventing the wheel

¢ Optimization of research expenses

* Avoidance of marketing delays

* Marketing edge over competitors

¢ Avoidance of incidental cross-contamination

¢ Improved company credibility

¢ Uninterrupted product supply

¢ Positive public opinion

* Improved process product safety

¢ Reduced product recalls

* Sampling tools for cleaning validation

The Cleaning Validation Manual is primarily written in a global context and can be ben-
eficial to any industry interested in the development and manufacture of new APIs and to
biosimilar and finished pharmaceutical manufacturers.

This book may be purchased for the following reasons:

¢ It provides readers and frontline healthcare products manufacturers, R&D man-
agement, and biotech laboratories with all the information they need to make a
successful cleaning validation master plan and apply it.

¢ It is a simple, concise, and easy-to-use reference tool covering basic concepts and
the elements of training required by educational institutions and professional
certification bodies.

* The text (and CD-ROM) is a valuable time saver for companies that are in the
process of developing manpower in order to achieve consistency in their
operations.

¢ The topics provided in the CD-ROM can be easily tailored to incorporate changes
of in-house training requirements.

¢ The topics provide stepwise guidance on how to train new and existing staff on
cleaning concepts and increase awareness.

The Cleaning Validation Manual has the following advantages:

¢ It has been tested with proven results.

¢ It has been formally organized and published as a tool for the healthcare industry,
covering diversified topics related to the cleaning validation master plan.

¢ It minimizes workload and increases efficiency.

¢ It does not merely provide guidelines or thought processes, but rather gives ready-
to-use templates to develop master plans, SOPs, and validation protocols.
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¢ It enables manufacturing companies to avoid hiring consultants for development
of a cleaning validation master plan, worst-case matrices and protocols, and ulti-
mately eliminating consulting fees.

¢ It serves as a single source to achieve and maintain a successful cleaning valida-
tion program.

e It is a practical guide that educates new and existing staff involved in routine
operations.

e Itis written in a global text and can serve as an effective tool for beginners.

¢ It reinterprets the list of specifics that need to be addressed to obtain a successful
cleaning validation program.

¢ It provides an accurate and meaningful understanding of cleaning and the health-
care industry.






Preface

The FDA’s concern with contamination of nonpenicillin drug products with those that
contain penicillin and the cross-contamination of drug products with potent steroids or
hormones are the main reasons behind the concept of cleaning validation in pharmaceuti-
cal industries. This has led to the formation of GMP regulations (part 133.4) in 1963, accord-
ing to which all the equipment used in pharmaceutical industries to manufacture, fill, and
pack drug products must be maintained in a clean and orderly manner. Of course, the
main rationale for requiring clean equipment is to prevent the contamination or adultera-
tion of drug products. Hence, the idea of cleaning validation in pharmaceutical industries
is not new. The purpose of this manual is to provide a generic format for a Cleaning
Validation Plan for pharmaceutical companies along with validation protocols for the most
commonly used equipment in various manufacturing areas and their sampling points,
using a pharmaceutical manufacturing site with both sterile and nonsterile operations as
the case facility. The Cleaning Validation Manual has been organized as a database to train
the manpower involved in the development, manufacturing, auditing, and validation of
biopharmaceuticals on a pilot scale, leading to scaled-up production. Considerable thought,
care, guides, and learning elements were forged to create the Cleaning Validation Manual.

Over the last decade, considerable information has been published referring to advance-
ments in explaining the cleaning validation approach. Cleaning approaches are based on
information provided in internationally recognized books and the author’s own experi-
ence. This volume will serve as a valuable training reference guide that will be referred to
repeatedly.

The Cleaning Validation Manual is divided into sections (CLV-1 to CLV-44).

Section CLV-1 gives a brief overview of how to establish a cleaning validation program,
cleaning validation norms, advantages and disadvantages of using certain types of equip-
ment, products, facilities, dosage forms, and the basic principles of products and equipment
grouping.

In Sections CLV-2 to CLV-16, reference is made to introduction (of cleaning validation),
scope and approach, cleaning validation team members and responsibilities, cleaning val-
idation philosophy, strategies and methodology, planning phase, execution phase, analyti-
cal testing and reporting phase, equipment description, facility description, utilities
description DI, WFIL steam, compressed air, utilities monitoring and microbiological control,
equipment cleaning materials/detergent description, microbiological cleaning of equip-
ment surface, solubility of active materials in water, and toxicity of active materials.

Sections CLV-17 to CLV-20.10 provide the cleaning validation product grouping matrix
(tablet-capsule PPS), the product/equipment train matrix (tab-cap PPS), the worst-case
product matrix (tab-cap PPS), and validation protocols with corresponding cleaning pro-
cedures (fluid bed dryer, mixer, granulation machines, powder bins, tablet press [three
types], sieves, powder-filling machines, encapsulation machines [two types], film-coating
machines, and sugar-coating machines).

Sections CLV-21 to CLV-23 provide the cleaning validation product grouping matrix
(syrup), the product/equipment train, and the worst-case product for syrups.
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The cleaning validation product grouping matrix, the cleaning validation product/
equipment train, and the worst-case product for suspension are described in Sections
CLV-24 to CLV-26.

Sections CLV-27 to CLV-29 refer to the cleaning validation product grouping matrix
(drops), the product/equipment train, and the worst-case product in hypothetical drops.

Sections CLV-30 to CLV-32 refer to the cleaning validation product grouping matrix
(cream/ointment), the product/equipment train, and the worst-case product for cream and
ointment.

Sections CLV-33 to CLV-35 refer to the cleaning validation product grouping matrix
(suppositories), the product/equipment train, and the worst-case product for suppositories.

Sections CLV-36 to CLV-36.4 provide validation protocols for manufacturing vessels, bin-
washing stations, syrup-holding tanks, filling stations, and the filtration assembly.

Sterile area equipment cleaning validation is referred to in Sections CLV-37 to CLV-
39.6 starting from the cleaning validation product grouping matrix (sterile product), the
cleaning validation product/equipment train matrix, validation protocols, freeze dryer,
mobile tanks, filtration assembly, preparation tanks, preparation vessel, and filtration and
filling. Section CLV-40 refers to the cleaning validation tentative plan.

In Section CLV-41, a matrix is provided to document cleaning validation and sampling,
and testing status. The regulatory guidelines of the Food and Drug Administration (FDA),
United States Food and Drug Administration (USFDA), World Health Organization
(WHO), and European Medicines Agency (EMEA) are referred to in Sections CLV-42 to
CLV-424. Information about the sampling tools is provided in Section CLV-43. Recom-
mended readings are provided in Section CLV-44.

The ready-to-use Cleaning Master Validation Plan and protocols in combination with
the regulatory guidelines provide a good source of training material for experienced and
inexperienced practitioners in pharmaceutical and biotechnology industries.

Pharmaceutical industries are regulated worldwide to be in compliance with Current
Good Manufacturing Practices (CGMP) and Good Laboratory Practice (GLP) principles,
with particular focus on cleaning validation and cross-contamination issues.

The Cleaning Master Validation Plan and 24 protocols can be downloaded from the CD
and adopted directly or with minor changes. The ready-to-use protocols allow end users
to record all raw hard data.

Each company is required to create a definite cleaning matrix based on the product mix.
The Cleaning Master Validation Plan and protocols available in this manual enable end
users to understand the principles and elements of the cleaning approach and sampling
techniques and provide documentation language ranging from the generic to the specific.

Compliance with FDA regulations is essential for companies intending to export their
products to the United States and Europe. As a result, only a few companies are able to
seek approval for export, one of the reasons being the absence or inadequacy of a Cleaning
Master Validation Plan.

The information provided in the CD-ROM includes valuable tools for active pharmaceu-
tical ingredients that are used in developing matrices for a cleaning Validation Master
Plan to achieve FDA, GMP, ICH, EMEA, and GLP compliance. The manual is especially
relevant to trainers, quality assurance personnel, engineers, validation designers, internal
and external auditors, technical training managers, and anyone interested in developing a
cleaning qualification documentation matrix in the healthcare industry.

Dr. Syed Imtiaz Haider
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Introduction

This Cleaning Validation Manual was designed and written with particular focus on
pharmaceutical, biopharmaceutical, and active pharmaceutical manufacturing industries.
It is for cleaning task executors, training managers, trainees, entry-level technicians, pro-
duction managers, quality assurance managers, quality system auditors, research and
development formulators, consultants, and supervisors (who are responsible for produc-
tion and process control and maintaining a documented Cleaning Master Validation Plan)
to ensure successful operational controls and prevent cross-contamination. It provides a
cleaning validation approach and protocols that can be used to manage and document
critical and noncritical cleaning tasks.

The numbering of sections and related course text is from CLV-1 to CLV-43. Each section
number is assigned subsection numbers when applicable (CLV-20.1, CLV-36.1, CLV-39.1 to
CLV-42.1) to provide specific details. In addition to this, the reader may also update the
cleaning validation matrix approach and modify protocols as required.
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Disclaimer

Every effort has been made to ensure that the contents of the Cleaning Validation Manual
and protocols are accurate and that recommendations are appropriate and made in good
faith. The authors accept no responsibility for inaccuracies or actions taken by companies
subsequent to these recommendations.

The similarity of the contents in the cleaning validation master plan and the protocols
may be incidental because of similarity in principle.
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CLV-1

How to Establish a Cleaning Validation Program

1.1 Cleaning in Finished, Biopharmaceuticals, and Bulk Chemicals

Finished pharmaceuticals exist in a broad range of dosage forms, which include solid,
semisolid, liquid, aerosols, and parenteral formulations. Often a large number of product
types of several different strengths are manufactured in one facility. This necessitates the
use of special precautions to prevent product-to-product carryover. One of the strategies
designed to prevent cross-contamination is cleaning. The number of cleaning procedures,
assays, and equipment types are often overwhelming. Using nondedicated equipment is a
common practice among pharmaceutical industries. This creates further obstacles to meet-
ing the objective of cleaning, and thus establishment of a cleaning validation program
applicable to all products becomes a great challenge.

In biopharmaceuticals, the presence of a large number of contaminants such as cellular
remains, media constituents, waste products of cellular metabolism, and buffer salts
generated during manufacture are factors that cause extensive problems in cleaning.
Identification of the residues is often difficult because they may vary from batch to batch.
For example, the presence of a large variety of proteinaceous materials in the residue makes
the differentiation of contaminants from one another a challenge. In the case of mammalian
cell cultures, because of the nature of the source material, microbial contamination is of
great concern. Multiproduct facilities further give rise to concerns for regulatory agencies.

The contaminants, which need to be cleaned from a bulk chemicals manufacture process,
include precursor molecules, by-products, intermediates, and other forms of impurities.
Manufacture processes of bulk chemicals are typically biochemical or chemical syntheses
carried out on a large scale. These bulk chemicals are later used as active ingredients in a
finished dosage form pharmaceutical. The bulk chemical manufacturing process is usually
enclosed in large tanks and includes the direct transfer of materials from tank to tank after
each particular reaction or process. In most cases, the involvement of closed systems is due
to the use of strong reagents and chemicals. This gives rise to the need of either automated or
semiautomated clean-in-place (CIP) technologies. Problems in the cleaning procedure vali-
dation often arise from the lack of direct sampling from many areas of the closed systems.

Keeping in view the struggle that pharmaceutical and biotechnology industries have in
dealing with cleaning validation, an approach that establishes a comprehensive cleaning
validation is required.

1.1.1 Cleaning Program Norms

The cleaning procedures used in a facility can unveil important factors regarding process
control, process reproducibility, sample collection procedures, and ways of monitoring the
efficacy of cleaning procedures. Before establishing the cleaning program, it is significant

1
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to first characterize the types of cleaning that are used in the facility. Cleaning methods
used in the facility can tell us about the factors related to process reproducibility, process
control, how to challenge the process, how to collect samples, and the best ways of moni-
toring cleaning efficacy during cleaning.

1.1.1.1 Cleaning Methods
1.1.1.1.1 Automated and Manual Cleaning

Although manual cleaning is a normal practice in the pharmaceutical industry, yet the use of
automated cleaning usually provides reproducible results. The control system has integrated
with it process control and process monitoring. The automated system is validated by chal-
lenging, and it is required that the cleaning cycle is proved to be rugged and provides repro-
ducible results under a given range of operating conditions. The controls of an automated
cleaning system also become part of the cleaning validation. Sometimes the design and
construction of equipment make manual cleaning a necessity. In order to maintain good
control over manual cleaning, the following parameters need to be regulated as a minimum:

A. Operator’s training

B. Cleaning procedures

C. Good visual examination of the equipment
D. Change control programs

Ruggedness of the method can also be given emphasis in manual cleaning; however,
reproducibility depends on strict adherence to the cleaning procedures.

1.1.1.1.2 Clean in Place and Clean Out of Place

The CIP system involves the cleaning of large pieces of equipment at its permanent loca-
tion in a configuration very similar to that utilized for production. The process is quite
similar to automated cleaning, where the control system also becomes part of cleaning
validation. Usually, a computer validation part becomes integrated with it if CIP is based
on programmable logic control (PLC). On the other hand, smaller equipment may be trans-
ported to a designated wash area where cleaning is performed. This practice is known as
clean out of place (COP). Transportation to and from the wash area, component identifica-
tion, potential of cross-contamination during transfer, and storage prior to use make the
task of COP more challenging than CIP. However, using automated wash systems for COP
reduces the differences between CIP and COP to a significant extent, mainly due to repro-
ducibility of the results.

1.1.1.2 Equipment

1.1.1.2.1 Dedicated and Nondedicated Equipment

In pharmaceutical industries, dedicated equipment is used for the production of only a
single product. This practice markedly reduces the chances of cross-contamination. Where
the same equipment is used for the production of a range of products, the prevention of
cross-contamination between products becomes the main challenge in the cleaning vali-
dation effort. Dedicated equipment should be clearly identified so as to prevent potential
errors during cleaning and preparation. Nevertheless, cleaning nondedicated equipment
represents a clearer impediment to overcome.
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The cleaning of dedicated and nondedicated equipment also gives rise to concerns. CIP
systems are often used for more than one tank in a facility. Special care needs to be taken
in designing CIP systems. By using appropriate valving and backflow prevention, cross-
contamination can be prevented. Similarly, any circulation within the CIP system should
be constructed carefully and monitored closely during routine cleaning,.

1.1.1.2.2 Minor and Major Equipment

Although there is no such terminology as minor equipment used in current good manufac-
turing practices (CGMPs), items such as utensils may be regarded as minor equipment.
Major equipment represents those that play a central role in production processes. Typically,
the cleaning of major equipment will be the subject of specific standard operating proce-
dures (SOPs) and it is important to differentiate those pieces of equipment that are central
to the production process from those that perform a secondary role (utensils). Material of
construction should be of significant importance when establishing a cleaning validation
program. CGMPs 211.65 emphasizes the material of construction as well as any substance
required for operation, in which contact components, in-process materials, or drug prod-
ucts shall not be reactive so as to alter the safety and efficacy of the product beyond estab-
lished requirements.

Equipment should not demonstrate any type of reaction with process materials, which
contact them. Equipment with porous surfaces, for example, filters, filter bags, fluid bed
dryer bags, membrane filters, and so on, will require thorough assessment while review-
ing cleaning validation evaluations so as to ensure adequate product removal and mini-
mize the potential for cross-contamination.

1.1.1.2.3 Noncritical and Critical Site of Equipment

Locations that have a tendency to endanger a single dose with a high level of contamina-
tion are called critical sites. Such locations or sites demand special cleaning emphasis.
Besides ensuring that enough details are included in the cleaning procedure, the risk can
be further reduced or completely eliminated by using more intensive sampling and testing
plans. A more stringent acceptance criterion must also be established in this case to ensure
effective cleaning validation.

1.1.1.2.4 Nonproduct Contact versus Product Contact Surfaces

As a matter of course, cleaning validation mainly focuses on product contact surfaces. How-
ever, in order to be more effective, programs for the elimination of cross-contamination
must also address nonproduct contact surfaces. When establishing the prerequisites for
nonproduct contact surfaces, the probable interactions of that area with the process must
also be reviewed. This is important in order to make the cleaning program more effective.

1.1.1.2.5 Equipment Train: Simple and Complex

The group or collection of equipment or systems jointly functioning to carry out the pro-
duction processes for a product is generally called “equipment train.” There is a direct
relationship between the complexity of cleaning validation and the complexity of the
equipment train. The greater the pieces of equipment in the train, or the transfers of material
involved in the process, the higher the complexity of cleaning validation.
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1.1.1.3 Product

1.1.1.3.1 Low- and High-Risk Drugs

The pharmacological activities of drugs have a significant impact on the cleaning validation
program. Materials of lower pharmacological activity do not have major issues in setting
residual limits for cleaning validation. However, there are numerous materials and formu-
lations where even minute quantities can have pharmacological activity. In such cases,
although the equipment and cleaning procedures might be the same, tighter limits will be
required for products with known adverse effects. Besides this, sampling and analytical
methods also need to be refined to a high degree of sensitivity to ensure the removal of
residue from equipment.

1.1.1.3.2 Solid and Liquid Dosage

The approach for cleaning equipment utilized for different dosage forms is significantly
different. The difference is related to how contamination can be left on equipment and
mixed with subsequent products. This can be understood by taking the following exam-
ple: liquid product has a greater ability to penetrate equipment seals and joints, whereas
solid product can form tufts or clumps on the surface, which may prevent wetting of that
part by cleansing agents and thus inhibit the ability to rinse the residues properly. The
same phenomenon can be true for the dispersion of contaminant on the surface of the
equipment for solid and liquid products. The distribution of contaminants in the case of
solid products may vary from point to point while that in liquid products is uniform across
the surfaces.

1.1.1.3.3 Soluble and Insoluble Ingredients

The removal of insoluble materials from the equipment surface represents yet another dif-
ficult scenario because it requires more physical means as compared to soluble materials
(active or excipient), which are often easily removed by solubilizing the product. The
removal of insoluble or less soluble materials by adding cleaning agents results in increased
wetting and solvation of the materials.

1.1.1.3.4 Sterile and Nonsterile Facilities

Sterile manufacturing facilities differ from nonsterile ones because of the extra precau-
tions required to control microbial and endotoxin levels. In nonsterile products, environ-
mental concerns are reduced but are still important. This is because objectionable
microorganisms are also common in oral liquids and topical, similar practices are required
to minimize these organisms here.

1.1.1.4 Facility

1.1.1.4.1 Single-Product Facility and Multiple-Product Facility

The scenario is equivalent to that for dedicated and nondedicated equipment. Since no
cross-contamination concerns exist in the case of a facility producing only a single product,
the validation requirements are automatically minimized. Various challenges related to
multiproduct facilities, which need to be dealt with, are elimination of cross-contamination
potentials and careful monitoring of changeover of equipment from one product to another.
In addition, continuous monitoring must also be warranted to ensure that all controls and
limits established are in place after accomplishment of cleaning validation.
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1.1.1.4.2 Campaign Production and Batch Production

Campaign production always helps in minimizing cross-contamination issues between
lots. In a multiple-products facility, campaign lots of a single product or product family are
produced in the same equipment. At times, the production trot may be stopped for a part
cleanup of the equipment, which is less stringent than a full cleanup. Once the campaign
production is over, an intensive cleaning of the facility and equipment can be performed
before starting the production of a different product.

1.1.2 Cleaning Validation

A master plan is the basis of the cleaning validation program, which describes the overall
approach of cleaning validation. This includes the matrixing philosophy involved and the
rationale associated thereto. Once the products and pieces of equipment are identified for
use in the validation study, trials may start.

Some worst-case scenarios may also be considered to challenge the cleaning procedure,
for example, having the product dried on the surface to make the cleaning difficult or
applying the effect of weekends and holidays on the cleaning schedule, and so on.

A brief review of the activities to establish a comprehensive cleaning validation program
is given below.

1.1.2.1 Cleaning Validation Program

a. Product grouping: Based on formulation and dosage form, potency, toxicity, and
solubility, all products are grouped. The broad groups may then be divided into
subgroups according to formulation and process types. After the grouping, the
worst-case product is selected from each group. The worst-case product from each
group may be the least soluble, the most toxic, or with the highest concentration of
active ingredients. However, there is no hard and fast rule for the selection of
worst-case products. In some situation, a combination of these parameters may
also be used.

b. Equipment grouping: Equipment of similar design and function is typically col-
lected in one group for validation study. In case of similar cleaning procedures
implemented, validation can be conducted on the largest- and smallest-scale
equipment separately.

c. Cleaning methods grouping: The grouping of cleaning procedures may be appropri-
ate; however, the validation of the cleaning procedure may also be conducted
independently of the equipment for which it is used.

d. Cleaning agents grouping: Systems may also be subdivided on the basis of cleaning
agents utilized on those systems when considering product formulation and
equipment groupings. Incidentally, the use of a single cleaning agent will greatly
minimize the work required to determine if residues of the agent remain after
cleaning.

1.1.2.2 Residues and Residue Removal

a. Types of residues: Physical and chemical properties such as solubility, hydrophobic-
ity, and reactivity of residues affect the ease with which they are removed from
surfaces. It is therefore important to first identify the substance to be cleaned.
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b. Cleaning agents: It is necessary to know the ingredients of a cleaning agent. This is
important because when cleaning agents are used to aid cleaning, their removal
must also be demonstrated to ensure the proper cleaning of surfaces. Once the
ingredients are known, validation personnel must then determine the worst-case
ingredient in the cleaning agent.

1.1.2.3 Cleaning of Equipment

a. Types of cleaning processes (manual/semiautomated/automated): The direct cleaning of
equipment by a trained operator is considered manual cleaning. Among the critical
parameters involved in manual cleaning are volumes of cleaning agents and rinse
water, temperature of wash and rinse solutions, duration of washing cycle, con-
centration of detergent used, and so on. In semiautomated cleaning, various levels
of automatic control are also included. This may also be considered as a blend of
manual and automated cleaning, for example, manually removing gaskets and
fittings before automated CIP or dismantling a pump prior to cleaning in an auto-
mated COP system. The automated system usually comprises programmable
cycles and does not include personnel intervention.

b. CIP/COP: As discussed in the sections above, CIP generally refers to the auto-
mated circulation system. Some of the critical aspects of the CIP system that
need to be considered are the certainty of preventing backflow and of assessing
the suitability of recirculated cleaning solution for subsequent use. CIP param-
eters such as flow rate, pressure, and spray ball patterns must also be qualified
prior to use.

c. Equipment design considerations: Care must be taken in designing equipment to
minimize the risks of cross-contamination and microbial contributions to the
equipment. Preferably, equipment should be constructed of a nonreactive material.
If the cleaning agents seem to be reactive with sealants, plastics, or filters, then
design specifications and preventative maintenance procedures must be carefully
looked into.

d. Equipment storage after cleaning: It is necessary to protect equipment from cross-
contamination between the period of cleaning completion and reuse for the next
product manufacture. Areas must be allocated for this purpose where possible
cross-contamination may be controlled. In the meantime, records must also be
maintained showing equipment numbers, date and time of cleaning, and names
of persons who cleaned and inspected it.

1.1.2.4 Cycle Development

a. Cleaning agent selection: Selection criteria for cleaning agents should be the suitabil-
ity of removing product residues and low toxicity. Besides these, ingredients of the
selected cleaning agent should also be known so that the cleaning of reagent itself
can be proven.

b. Cleaning parameter selection: The most important cleaning parameters are time,
temperature, cleaning agent concentration, and cleaning action, for example,
impingement, sheeting, rinsing, and so on. By evaluating each cleaning step, the
removal of residues can be determined and thus the need to add, delete, or modify
a cleaning step can be decided as well.
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c. Standard operating procedures: A draft-cleaning procedure should be in place prior
to starting the cleaning validation. Once a successful validation is accomplished,
the final standard operating procedure for cleaning must be completed with
details such as time, temperature, concentration, and cleaning action.

d. Operator training: A formal training of operators includes reviewing and under-
standing the cleaning SOPs, qualified apprenticeship, and ensuring that training
is successful. Operators must also understand the process of cleaning and the
equipment they are cleaning.

1.1.2.5 Sampling Techniques and Analytical Methods

a. Swabs and wipes: Swabs and wipes are widely accepted sampling techniques. Their
advantages are that they dissolve and physically remove samples, are economical,
allow sampling of the defined area, are usable on a variety of surfaces, and are
applicable to active ingredients, microbial and cleaning agents. However, there are
some limitations involved with swabs and wipes: for example, they may introduce
fibers and material to the sampling area; sometimes the design of the swab may
also inhibit the recovery and specificity of the method; and they are difficult to use
in crevices, pipes, or large vessels.

b. Rinse sampling: The advantages of rinse sampling are the following: ease in sam-
pling, coverage of large areas in samples including sampling of unique surfaces,
being adaptable to on-line monitoring and fewer technicalities involved than
swabs, and so on. Restrictions include a possible decrease in test sensitivity,
inability to detect residue locations, inadequate homogenization of residues, and
minimum information about actual surface cleanliness in some cases. Due to the
criticality of rinse volume, usually the entire piece equipment is used for rinsing,
such as a vessel.

c. Direct surface monitoring: The benefits of direct surface monitoring are that it is fast,
noninvasive, and economical. There are some limitations however; for example,
there are some prejudices and some techniques are not available yet. Visual exami-
nation of equipment for cleanliness immediately before use is a requirement by
CGMP regulations. It is a form of direct surface analysis. Other commonly used
methods of monitoring include pH, conductivity, total organic carbon (TOC) titra-
tion, high-performance liquid chromatography (HPLC), thin-layer chromatography
(TLC), capillary zone electrophoresis, Fourier transform infrared (FTIR), atomic
absorption, ultraviolet (UV) spectrophotometry, and so on.

1.1.2.6 Limits and Acceptance Criteria

The most important element of a good cleaning validation program is the determination
of limits and acceptance criteria. When determining the limits, care must be taken so that
they are achievable by the analytical methods available for the specific product and active
ingredient, are practical for the actual cleaning situation to be validated, and are scientifi-
cally rationalized and verifiable.

The most commonly used basis for setting the acceptance limit is a mathematical calcu-
lation that allows a certain therapeutic dose to carry over into each dosage unit of the next
product. The actual numerical limits are based on the pharmacological potency of the
product, the toxicity of the residue, and the analytical limit of detection.
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1.1.2.7 Ongoing Monitoring of Cleaning

Besides inspection of each piece of equipment to ensure cleanliness before use, additional
verification can also be done. This depends largely on the complexity of the equipment.
Automated cleaning methods may not require ongoing verifications; however, semiauto-
mated processes and manual cleaning usually need periodic verification and determina-
tion about the reproducibility of the process over time.

1.1.2.8 Change Control

Changes made to cleaning SOPs, analytical methods, detergents, equipment, product for-
mulation, etc. should fall under the auspices of the change control policy of the company.
Formal documentation will be required to make changes to these items. Changes per-
formed under the change control policy will require reconfirmation of the original clean-
ing validation results. In case the change is deemed to be fundamental to the grouping
philosophy or to the cleaning method, the change may require a revalidation, which may
differ from verification only by the amount of sampling.
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2.1 Cleaning Validation

Cleaning validation ensures the implementation of an efficient cleaning procedure, which
excludes “cross-contamination” between different products or different batches of the
same product.

Another definition of the concept of cleaning validation, which is controlled through a
separate master plan, is a tool that provides documented evidence that a cleaning proce-
dure is effective in reducing, to predefined maximum allowable limits, all kinds of con-
tamination from an item of equipment or a manufacturing area following processing.
The means of evaluating the effectiveness of cleaning will involve sampling cleaned and
sanitized surfaces and verifying the absence of product residues, cleaning residues, and
bacterial contamination.

Regulatory agencies as well as pharmaceutical industries have placed a great deal of
emphasis on the validation of cleaning procedures during the last decade. Various agency
documents have clearly established that cleaning procedures should be validated.

In order to prevent contamination, Food and Drug Administration (FDA), in its 1963
GMP Regulations (Part 133.4), stated, “Equipment shall be maintained in a clean and
orderly manner.” A very similar section on equipment cleaning (211.67) was included in the
1978 CGMP regulations.

FDA emphasizes on the validation of the cleaning procedures, particularly in cases
where contamination of materials poses the greatest risk to the quality of drug products.
Validation of cleaning procedures should reflect actual equipment usage patterns. If a
number of products are manufactured in the same equipment and the same procedure is
used to clean the equipment, a worst-case product can be selected for validation purposes
based on the solubility and difficulty of cleaning and the calculation of residue limits
based on potency, toxicity, and stability.

A descriptive protocol should be available to indicate the type of samples to be obtained.
The sampling method used may be swab, rinse, or direct extraction, as appropriate, to
detect both insoluble and soluble residues. The sampling methods used should be capable
of quantitatively measuring the levels of residues remaining on equipment surfaces after
cleaning.

©
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2.1.1 U.S. FDA Guidelines

FDA, in its guidelines for cleaning validation, has clearly expressed expectations that
industries have to fulfill. The basic requirements, as per FDA, are as follows:

1. A written procedure on how cleaning processes will be validated

2. Clearly outlined responsibility for performing and approving validation study,
acceptance criteria, and revalidation requirement

3. Approved written protocols describing the study to be performed, system or piece
of equipment, sampling procedures, testing methods, and so on

4. Execution of the protocols in accordance with the written commitment and record-
ing of the results

5. A final validation report with all available data, duly approved by higher manage-
ment, declaring whether or not the process has been successfully validated

2.1.2 Health Canada Guidelines

According to Health Canada, the objectives of the cleaning validation are as follows:

1. One should verify the effectiveness of the cleaning procedure for removal of product
residues, degradation products, preservatives, excipients, and/or cleaning agents
so that analytical monitoring may be reduced to a minimum in the routine phase.

2. Cleaning procedures must strictly follow carefully established and validated
methods.

3. Appropriate cleaning procedures must be developed for all product-contact equip-
ment used in the production process. Consideration should also be given to non-
contact parts into which product may migrate (e.g., seals, flanges, mixing shaft,
fans of ovens, heating elements, etc.).

4. Relevant process equipment cleaning validation methods are required for biological
drugs because of their inherent characteristics (proteins are sticky by nature),
parenteral product purity requirements, the complexity of equipment, and the
broad spectrum of materials that need to be cleaned.

5. Cleaning procedures for products and processes that are very similar do not need to
be individually validated. This could be dependent on what is common, equipment
and surface area, or an environment involving all product-contact equipment.

2.1.3 EU-GMP Guidelines

The European Union guidelines also describe cleaning validation in the following way:

1. Cleaning validation should be performed in order to confirm the effectiveness of
a cleaning procedure. The rationale for selecting limits of carryover of product
residues, cleaning agents, and microbial contamination should be logically based
on the materials involved. The limits should be achievable and verifiable.
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2. Validated analytical methods with the sensitivity to detect residues or contami-
nants should be used.

3. The detection limit for each analytical method should be sufficiently sensitive to
detect the established acceptable level of the residue or contaminant.

4. Normally only cleaning procedures for product-contact surfaces of the equipment
need to be validated. Consideration should be given to no contact parts. The
intervals between use and cleaning as well as cleaning and reuse should be
validated. Cleaning intervals and methods should be determined.

5. For cleaning procedures for products and processes, which are similar, it is
considered acceptable to select a representative range of similar products and
processes. A single validation study utilizing a “worst-case” approach can be
carried out, which takes account of critical issues.

6. Typically, three consecutive applications of the cleaning procedure should be per-
formed and shown to be successful in order to prove that the method is validated.

The World Health Organization (WHO) also emphasizes on the validation program of
cleaning procedures under clause 4.11 of Quality Assurance of Pharmaceuticals—A com-
pendium of guidelines and related materials—volume 2 updated and revised edition—
Good Manufacturing Practices and Inspection (WHO-2003)—in the following words:

It is of critical importance that particular attention is paid to the validation of analytical
test methods, automated systems and cleaning procedures.

Looking into the clauses established by various authorities, cleaning validation can be
defined as “A documented proof of consistent and effective cleaning of pharmaceutical or
food systems or equipment to predetermined limits so as to prevent contaminants from
leaving residues that may adulterate and adversely affect the safety and quality of the next
product manufactured.”

Cleaning validation projects are separately governed under protocols that reference
background documentation relating to the rationale for “worst-case” testing, where this is
proposed. The protocols further explain the development of acceptance criteria, including
chemical and microbial specifications, limits of detection, and the selection of sampling
methods.

2.2 Validation Master Plan

The validation master plan (VMP) is a crucial document because it describes the basic
concept for the overall site validation program. It is basically the blueprint for a successful
validation project. It defines one’s approach to validation, applicable references, and
requirements of the GMP system. VMP describes the approach to training, procedures for
deviation management, and change control, and establishes responsibilities for the entire
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validation project. Equipment processes, cleaning procedures, and relevant analytical tests
are listed together with the foreseen protocols for their qualification or validation.

The cleaning validation master plan (CVMP) is intended to be a “live” document that
supports the fundamental structure of any manufacturing facility, its equipment and
instruments, subsequent operation, and maintenance and cleaning of the equipment for its
lifespan for any active pharmaceutical ingredient.

CVMP should present an overview of the entire cleaning validation operation. The core
of VMP is the matrix of equipment in the facility, the list of items to be validated based on
the matrix, the worst-case scenario, and the planning schedule.

CVMP further provides the basis for validation required for CGMP compliance. This
enables any sterile or nonsterile medicinal product that is produced, processed, stored, or
distributed, by the manufacturing unit, to be validated for the effectiveness of the cleaning
procedure thereof for any related manufacturing equipment under the control of an appro-
priate quality system.

VMP should provide a cross-reference to other documents, such as SOPs, validation
protocols, validation reports, and equipment/product. A rationale for the inclusion or
exclusion of validations from the approach adopted is also included.
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A thorough validation of cleaning procedures for equipment and facilities will be conducted
and accomplished based on matrices and a worst-case scenario as per this master plan.

This VMP covers the validation of cleaning procedures used at ABC Pharmaceutical
Company. The scope of this plan addresses validation requirements to prove the efficacy
of cleaning methods to remove residual drug products and microbial bio-burden to below
predetermined limits.

CVMP will ensure that the cleaning approach of ABC Pharmaceutical Company is
consistent with accepted industry practices and published health-based guidelines of the
FDA and European Regulatory Agencies.

The cleaning validation approach will include, but not be limited to, the following:

¢ Identification of worst-case situations and development of a worst-case scenario to
be used to evaluate cleaning procedures for the equipment train based on the nature
of the cleaning methods used, the product and optimal equipment coverage, and
the experience of the production staff responsible for day-to-day cleaning

e Utilization of a combination of visual examination, swab testing, and rinse water
sampling for evaluating equipment cleanliness; development of acceptance criteria
of the cleaning procedure by product/manufacturing and equipment and facilities
(selected areas)

* Development of cleaning procedures that remove residual products to below levels
of concern and remove the threat of product cross-contamination

* Review of existing equipment cleaning SOPs (for completeness, clarity, removing
misinterpretation, and standardization)

A summary of the Cleaning Validation Matrix for all products manufactured at ABC
Pharmaceutical Company’s facility is presented in Matrix I. Details of the matrix as well as
the equipment train in relation to bulk batch processes are presented in Matrix II.

CVMP includes the following:

¢ Organization of all validation activities
¢ Identification of the products/processes to be validated

® Specific cleaning process considerations

13
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* Validation approaches
¢ Key acceptance criteria
¢ Documentation requirements

¢ General sequencing and prioritization of validation activities

The information contained in this plan may change as its realization progresses. Besides,
it shall be reviewed annually to ensure that it remains current with existing processes,
equipment/facilities, and policies. All previous versions of the CVMP shall be kept on file
for reference. A validation schedule shall be maintained and kept up to date to accurately
reflect the current validation status.
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This master plan presents a medium in which the department concerned with completing
the cleaning validation can mutually ensure regulatory compliance. The management
(and/or designate) of production, quality control (chemical and microbiology), packaging,
quality assurance, and validation will

* Agree on the requirements of the CVMP prior to implementation

* Discuss/determine the validation approach for completing each segment of the
CVMP

* Direct the integration and maintenance of the CVMP

L]
4.1 Specific Responsibilities

The specific responsibilities of departments and individuals supporting the cleaning vali-
dation are as follows.

4.1.1 Validation Department

A validation officer coordinates the entire validation process by scheduling meetings and
discussions with the validation team, preparing the validation protocols, monitoring the vali-
dation process, compiling and analyzing validation data and test results, and preparing the
final report. All documentation associated with validation should be reviewed and approved
by the validation manager for completeness and compliance with CGMP requirements.

The validation officer will also develop an ongoing monitoring program (wherever
applicable) to demonstrate that the processes are being maintained under control, and will
support/advise on the creation and updating of all relevant systems and validation SOPs.

4.1.2 Production

A validation team member from the Production department participates in performing
the validation steps during manufacturing processes and equipment qualification. This

15
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department should prepare the necessary SOPs for the new process or equipment and
assist in the collection of validation data.

4.1.3 Packaging

A validation team member from the Packaging department participates in performing the
validation steps during the cleaning validation of packaging equipment. The Packaging
department should prepare the necessary SOPs for the cleaning of new packaging equip-
ment and assist in the collection of validation data.

4.1.4 Utilities/Calibration/HVAC

A validation team member from the Maintenance department participates in performing
the validation; defining the necessary equipment specifications, limitations, capacity,
calibration, and maintenance requirements; and providing the necessary training on the
cleaning and proper operation and maintenance of the equipment. The Maintenance
department is responsible for providing the necessary utilities and equipment accessories
required during the validation process. The Maintenance department is also responsible
for informing the relevant departments in advance of any anticipated change to the manu-
facturing equipment/new inclusion and for completing equipment surface area calcula-
tions with the help of relevant drawings.

4.1.5 Quality Control

A validation team member from the Quality Control (QC) department is responsible for
providing the necessary support for the testing and reporting of test results for validation.
A support group in QC should also perform microbiological testing and environmental
monitoring during the validation process. The QC department provides swabs and surface
recovery data for active ingredients and cleaning agents.

4.1.6 Quality Assurance

A validation team member from the Quality Assurance department will be responsible
for reviewing and approving the validation protocol, providing necessary support, as
and when required, making an assessment in case of deviations and excursions from the
protocol, and reviewing and approving the final validation report.

4.1.7 Product Development Laboratory

A validation team member from the Product Development Laboratory is responsible for
defining the process (new product or process) to be validated and for providing technical
assistance to the validation team by defining specifications, limits, and manufacturing
methods.
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5.1 Cleaning Validation Philosophy

Current cleaning procedures utilized at ABC Pharmaceutical Company have been struc-
tured to ensure that maintaining detailed cleaning methods in the Manufacturing areas
and preventing contamination will not compromise the integrity of the product.

5.2 Cleaning Validation Strategies
5.2.1 General

Based on the selection of specific products for all production equipment, three consecu-
tive lots are to be studied during a cleaning validation. All three lots must pass the accep-
tance criteria for chemical residue and microbial burden for the cleaning method to be
validated.

Equipments in the Manufacturing and Filling areas are subjected to cleaning (manual
and/or CIP/SIP (steam in place)) immediately following any production use in which
they come into direct contact with the product.

The following factors were considered in the design of the cleaning validation program:

* To avoid the potential for localized contamination, selection of “hardest to clean”
sample sites for the equipment and development of the respective cleaning proce-
dure will be done.

5.2.2 Specific

Cleaning validation studies will be conducted for products/processes representing worst-
case scenarios. Validation of the worst-case matrix ensures that the current cleaning
practices at ABC Pharmaceutical Company are robust and

* Reduce the risk of cross-contamination
¢ Minimize the potential for product spoilage through microbial contamination

¢ Minimize the potential for adverse effects in consumers
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The following criteria will be used to select the process and/or product over which the
study shall be performed:

¢ Solubility of raw materials in the product, specifically the combination of least
soluble product in water (the cleaning agent) and largest concentration to which
the particular product occurs.

¢ Potency of the product (therapeutic dose).

¢ Toxicity of the active ingredient in the product, specifically the combination of
most toxic ingredient and largest concentration to which the particular product
occurs, as applicable.

¢ Most difficult product residue to clean, based on experience.

* Coverage of all equipment through each train. Equipment will be grouped based
on elements of similar design/surface composition, if the same cleaning proce-
dure is used for all sizes. Equipment that utilizes different cleaning techniques
should be noted and rated accordingly.

5.3 New Products, Equipment, and Processes

The introduction of any new product, equipment, or process must proceed through ABC
Pharmaceutical Company change control procedure No. QABC-001.

Before the introduction of any new product to Manufacturing or the Packaging depart-
ment, an evaluation is to be made using the following criteria:

* Solubility of active materials in water
¢ Toxicity of the active material

¢ Potency of the product

In case of an active material that is already a worst-case designate, concentrations will be
compared between the new products and existing products, and the product with the
active material in higher concentration will be deemed the “worst case.” A new cleaning
validation study will be conducted if the new product has been deemed “worst case” by
this investigation; otherwise, the existing cleaning validation study relevant to the partic-
ular worst-case product and equipment train will prevail.

Similarly, if a new cleaning procedure is introduced, which may impact the cleanliness
of the process equipment (e.g,, automated CIP procedures or new cleaning agents employed),
it will undergo a new cleaning validation study for the relevant worst-case products.

New equipment addition in the production of any products that are not covered within
the groupings listed in the CVMP will require a new cleaning validation study for the
product deemed worst case on the relevant equipment train.

New products, processes, and equipments will be identified in subsequent revisions of
this VMP.
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5.4 Cleaning Validation Methodology

The cleaning validation program at ABC Pharmaceutical Company will be implemented
in the following phases:

1. Planning (ABC Pharmaceutical Company CVMP development, including cleaning
matrix development)

. Analytical Method Development

. Validation Protocol Development

. Validation Execution (Sampling)

. Validation Analytical Testing and Reporting

N U1 &~ W N

. Ongoing Monitoring and Maintenance
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6.1 Prevalidation Requirements

Prior to the initiation of the cleaning validation study, the following requirements should
be met.

6.1.1 Equipment

Equipment qualification should be available prior to the initiation of the study on the
relevant equipment. The design of the equipment along with the surface material and
surface area of the product contact part should also be known.

6.1.2 Cleaning Procedures

Approved cleaning procedures should be available before the study starts.

6.1.3 Personnel Training

Personnel involved in the cleaning validation should be trained. Training records must be
available for any training received.

6.2 Worst-Case Product Selection Matrix

The Product Equipment Grouping Matrix lists the products manufactured in the
Manufacturing and Filling areas.
The selection of worst-case products is conducted in the following manner:

1. Worst-case products will be selected for each equipment train.
2. For each equipment train, worst-case product(s) will be selected such that

a. A cleaning validation study would be performed for the bulk batch product
containing the least soluble material.

b. A cleaning validation study would be performed for the bulk batch product
containing the most toxic and potent material, if this product differed from
that chosen in part a above.
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c. A cleaning validation study would be considered for every product deemed
“hard to clean” by production staff following the production of bulk batches.
The difficult-to-clean bulk batches are indicated in matrixes and include their
rationale for inclusion in the cleaning validation program.

d. Wherever possible, the criteria in a, b, and ¢ will be combined to select one
worst-case product representing all scenarios.

3. The list of defined equipment trains is included in Matrix II.

4. Products manufactured on each train are indicated in Matrix III.

5. Solubility data for all active/excipient materials will be gathered and tabulated.
6. Toxicity data for all active materials will be gathered and tabulated.

7. Products will also be examined for raw material ingredients of high toxicity and
potency.

8. Members of the production staff were also consulted for their experience in
cleaning.

6.3 Analytical Development

Analytical methods will be developed if not available prior to initiating the cleaning vali-
dation study for all worst-case products (active ingredients) as designated in the Planning
Phase.

The basic requirements are

* Ability to detect target substances at levels consistent with the acceptance criteria

¢ Ability to detect target substances in the presence of other materials that may also
be present in the sample (selectivity)

¢ An analytical method that includes a calculation to convert the amount of residue
detected in the sample to 100% if the recovery data generated indicate a recovery
outside of an allowed range

¢ Stability of samples over time if the time interval between removal and testing of
samples potentially affects sample integrity

6.4 Recovery

Definitive amounts of active drugs will be spiked onto the same surface as the equipment
to be studied in the cleaning validation, so as to determine the recovery with swabs. Swabs
are to be extracted and analyzed using an approved and validated method.
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Recovery studies evaluate the quantitative recovery of chemical residue from both the
surface to be sampled and the swab material used in sampling. All equipment surface
types are to be included in the recovery study as different surfaces can exhibit different
affinities for residues. Examples of different equipment surfaces are stainless steel, plastics,
silicones, neoprene, glass, and so on.

6.5 Protocol Development

A cleaning validation protocol will be developed for each worst-case product per equipment
train identified from the matrix incorporating the guidelines and requirements. These
protocols will also be used to define specific sampling locations for each of the equipments
included within the equipment train for the particular product under study.

The protocol must be prepared prior to the initiation of the study and must include all
other documentation required to provide the following information.

* Objective of the study: The objective of the protocol should clearly refer to the cleaning
procedure that is to be validated. If the study is employed to demonstrate the
acceptability of the cleaning procedure for a group of products, the rationale for
doing so will be detailed here.

* Scope of the study: The validation professional will evaluate the process and deter-
mine the residues (including cleaning agents) to be tested.

» Listing of the process parameters to be verified: This is particularly necessary when
automated or semiautomated cleaning techniques are employed.

* Sampling and inspection procedures: Types of sampling methods, number of samp-
lings, and sites of sampling will be described. Any particular requirements should
also be stated, that is, for sterile sampling or sampling light-sensitive products. An
equipment-sampling diagram should be referenced.

* Personnel responsibilities during the study: The designations and details of the respon-
sibilities of personnel involved in the validation study will be included in this part.

o Test methods to be used: All the test methods used in the study will be indicated here.

» Acceptance criteria: The rationale for this criterion should be given along with a
calculation step.

* Change control

* Approval of protocol before the study: Managers of the respective areas, including the
validation manager and the director of Quality Assurance, will duly sign off the
protocol before execution.
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7.1 Visual Examination

After the cleaning, both product contact and nonproduct contact surfaces of the equip-
ment are to be visually inspected for the presence of drug product traces. Verification of
equipment cleanliness has to be done before sampling of product contact surfaces can
commence. Surrounding areas (floor, walls, etc.) should also be visibly cleaned of product
and detergent residue.

7.1.1 Sampling

Depending on the contamination or the residue that is being tested for and the analytical
method used, it is very important to determine the type of sampling material to be used and
its impact on the test results, as the material may interfere with the analysis of the samples.
It is also important to ensure that the solvent used for extraction purposes is satisfactory.
The solvent must be nontoxic and is usually ethanol, water or an ethanol-water combination.
Several different sampling methods can be used, but the direct surface sampling method
is preferred.
The validation officer of the company will execute the protocol.
Sample site selection will be based on areas that are deemed hardest to clean. Criteria include

¢ Equipment complexities (areas of different geometry that are likely to be difficult
to clean)

¢ Areas of different materials of construction

* Ability to access and reproducibility of the sample

The number of sites to sample will be based on the above considerations as well as on the
overall dimensions of the equipment. If there is an area that is deemed more “difficult to
clean” during a cleaning validation, it will be included in that specific validation program.

7.1.2 Swab Sampling

To ensure that current equipment cleaning procedures are effective in reducing the residual
concentrations of active ingredients to acceptable levels, swabs will be used to collect sam-
ples from production equipment after cleaning. These swabs will be used to determine
both microbial and chemical contaminants.

25
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Samples of the internal surfaces are then taken by moistening the swab with a suitable
solvent, sampling a 5-cm? area (or the entire area if small), and then placing the swab in a
test tube containing 10 mL of the solvent (specified for each active material from the
analytical test method available in the laboratory or from pharmacopeias). For walls and
plane surfaces, a minimum area of 5 cm? will be covered.

It is important to take a representative sample of the area, as the results will be calculated
for the entire surface area at a later stage.

Swabbing will occur after the equipment has been cleaned and in accordance with SOPs.
Swabbing has been deemed an advantageous method because it comes in direct contact
with the sampling surface, allowing for the detection of substances that are not easily
rinsed off or soluble.

Swab samples will be collected from maximum contact areas and areas that are difficult
to clean. Both major and minor pieces of equipment, as well as different surfaces, will be
assessed where possible (if applicable to the manufacturing process).

7.1.3 Rinse Sampling

It is important to have both kinds of sampling, that is, swabs and rinses. The inclusion of
rinse water sampling ensures that contaminants that may not be attainable or that may have
been missed through swab sampling/analysis are detected from the surface of the equip-
ment. This sampling technique is especially advantageous when a CIP system is utilized.

Samples of machine rinses are collected in a 500-mL volumetric flask after final rinsing
of the machine with purified water, as described in the individual equipment cleaning
SOP. The residues in water may be determined by TOC, spectrophotometry, TLC, or con-
ductivity comparison with purified water/water for injection or the HPLC method or any
other suitable method described.

Details of samples taken by the validation team are recorded on a sampling sheet for
ease of reference. This includes all the information required to ensure that the necessary
samples are taken properly as well as any information required to calculate the results.
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Before the cleaning validation can be started, companies must ensure that the analytical
test methods, which are to be used for the cleaning validation, are completed and validated.
The lack of a validated analytical method would result in the risk of repeating the entire
cleaning validation after the method is validated.

This chapter deals with the development of the acceptance criteria of analytical tests and
reports.

8.1 Acceptance Criteria
8.1.1 Limits Determination

The determination of cleaning limits and acceptance criteria is a crucial element of a good
cleaning validation program. A limit is an actual numerical value and is one of the require-

ments of the acceptance criteria of a cleaning validation protocol. Limits and criteria
should be

e Practical

e Verifiable

¢ Achievable

¢ Scientifically sound

The safety factor (SF) is a measure of risk that varies with dosage forms and routes of
administration. It reduces the measurement of daily dose by a risk factor to ensure that
safe levels are always attained. PDA Guideline Volume # 52 suggests the following SFs:

¢ Topical 1/10th—1/100th of a normal daily dose

¢ Oral dosage products: 1/100th-1/1000th of a normal daily dose

¢ Injection/ophthalmic products: 1/1000th-1/10,000th of a normal daily dose

® Research/investigational products: 10,000th—100,000th of a normal daily dose

CGMP and GLP limits are mentioned in the presentation.

27
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The limits calculation criterion is based on the size and unit dose of the “next subsequent
batch,” that is, the next batch manufactured in the same equipment that is affected by any
of the residues (i.e., an unclean piece of equipment) and is magnified accordingly, depending
on batch size. The cleaning limits can therefore vary, depending on the batch size of the
product manufactured subsequently. A worst-case scenario will be selected by combining
the solubility, toxicity, potency, and batch size of the product.

8.1.2 Microbial Burden

The swab/rinse sampling of selected areas of the equipment train will be performed in
order to determine the number of colony forming units (CFUs) present. The procedure
used is listed in ABC Pharmaceutical Company’s SOP No. ABC-111 Environmental
Monitoring Program, with the upper limits at: there should not be any pathogenic bacteria
detected.

If there is any growth observed, appropriate tests to identify the organism(s) are to be
conducted.

8.1.3 Analytical Results Reporting

The QC lab analyst will perform the analysis on the swab and/or rinse samples. The results
will be reported to the QA department.

The QA manager and the QC department manager will give final approval to the
reviewed results by signing the final report. The director of the QA division will approve
the final report.

8.1.4 Incident Investigation

In case of any results that do not meet the acceptance criteria, investigation will be carried
out to determine the root cause as per site out of specification (OOS) investigation SOP. The
validation officer together with a QA designate will conduct this investigation. All other
team members will participate in this investigation as and when required. If necessary,
changes should be recommended to prevent a reoccurrence.

The incident investigation should be a separate report detailing

¢ Cleaning validation protocol identification (name/date)

¢ Equipment identification

¢ Initiator and date

¢ Cleaning sample identification (e.g., swab, location of sample)
¢ Incident description

* Root-cause analysis

e Corrective actions recommended

* Assessment of effect on product
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8.1.5 Reports

On completion of the requirements of the cleaning validation protocol, a report will be
written summarizing the outcome of the cleaning validation.

A validation report is necessary to present the results and conclusions with the approval
page duly signed off by corresponding signatories depicting the approval of validation
study. The report will include the following;:

* Summary of the procedures used to clean, sample, and test
¢ Physical and analytical test results as well as any excursions or deviations observed

* Conclusions regarding the acceptability of the results and the status of the proce-
dures being validated

¢ Any recommendations based on the results obtained during the study, including
revalidation practices if applicable

¢ Approval of conclusions
¢ Review of any protocol deviations that occurred

¢ Interim reports generated on a batch-by-batch basis until the cleaning validation
study is completed (in cases where it is unlikely that further batches of the product
will be manufactured for a period of time)

* An appropriate level of verification subsequent to validation

8.1.6 Monitoring

The conditions used during each cleaning validation study will be kept in control by

¢ Reviewing any changes made to the cleaning procedure
* Reviewing any changes made to equipment

e Supervisors training employees on the correct cleaning method and maintaining
observation of technique after training is completed (see the company’s SOP No.
ABC-222 Employee Training Program)

¢ Completing cleaning records for traceability

8.1.7 Change Control/Revalidation

Any changes to the processing equipment in manufacturing, cleaning procedures, cleaning
agent, product formulation, or the introduction of a new product will be documented and
the effect on the clean state of the equipment will be determined through the change
control process. The production manager, QC manager, and QA manager who decide
whether revalidation is necessary must review the change.
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In this chapter, a detailed list of equipment used in ABC Pharmaceutical Company is
presented in the tables below. These equipments are divided into categories for solid,

liquid, and injectable manufacturing areas.

Equipment found in these areas must meet the specific acceptance criteria to be considered

qualified/validated.

This would be the first step in identifying the worst-case product for cleaning validation.
The basic idea would be to develop, based on the equipment and products list, the equip-
ment train for each product type from different dosage forms. This practice will make the
task of identifying the worst-case product much easier and simpler.

9.1 Solid Dosage Manufacturing
9.1.1 Equipment Description

Equipment

Location/Room No. Activity Machine Name and Model

A-1 Line 1—tablets/capsules blistering ~ ABC Pac system, tablet hopper tablet channel
Line 2—tablets/capsules blistering ~ ABC Pac system II, blistering machine

A-2 Alu-Alu blister Striping machine

A-3 Tablet counting Container-packing machine

A-4 Weighing booth 1 Scoops, spatula

A-5 Weighing booth 2 Scoops, spatula

A-6 Preparation room 1 Mixers

A-7 Preparation room 2 Solution preparation vessels

A-8 Granulation room 1 Granulator, fluid bed dryers

A9 Granulation room 2 Granulator and vacuum dryer, weighing stations

31
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Model and Serial/

Room No. Activity Machine Name Asset No.
1 Blending Tumbler blender 2000 L Model of the machine
Tablet compressionI  Tablet press with fully computerized in-process Model of the machine
check master and dedusting system
3 Bulk loading room I Bin-emptying station Model of the machine
Tablet compression Il Tablet press with fully computerized in-process
check master and dedusting system
4 Bulk loading Bin-emptying station Model of the machine
Tablet compression Il Tablet press with fully computerized in-process
check master and dedusting system
5 Bulk loading Bin-emptying station Model of the machine
6 Tablet compression IV Tablet press with fully computerized in-process ~ Model of the machine
check master and dedusting system
Bulk loading room IV Bin-emptying station Model of the machine
8 Tablet compression V. Fully computerized with in-process check master Model of the machine
9 Bulk loading room V. Bin-emptying station Model of the machine
Capsules filling I Capsule-filling machine
10 Bulk loading room VI Bin-emptying station Model of the machine
Capsules filling 11 Capsule-filling machine
11 Bulk loading room VII = Bin-emptying station Model of the machine
12 Sugar coating Sugar-coating pan with suspension Sugar cota 60-130 kg
Cota
13 Film coating I Film-coating machine with cotab Cotal
14 Film coating II Film-coating machine with cotab Cota 2
15 Film coating III Film-coating machine with cotab Cota 3
15 Loading I Tablet-transfer system T-Mail
16 Loading II Tablet-transfer system Model of the machine
17 Loading II Tablet-transfer system Model of the machine
18 Powder filling Powder for suspension filling Model of the machine
19 Loading V Bin-emptying station Model of the machine
20 Washing area Bin-washing station Model of the machine
21 Powder bins Powder bins 600 L Model of the machine
Powder bins 1000 L Model of the machine
Powder bins 2000 L Model of the machine
22 Tablet bins Tablet bins 300 L Model of the machine
Tablet bins 500 L Model of the machine
23 Sieves Model of the machine
24 Tablet deduster Model of the machine
25 Piping/tubing/hoses Model of the machine
26 Homogenizer Model of the machine
27 Sorting machine Model of the machine
28 Deblistering machine Model of the machine
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Room No. Activity Machine Name Model and Serial/Asset No.
21 Powder filling Powder-filling machine Model of the machine
Powder filling Powder-capping machine Model of the machine
22 Capsule filling Capsule-filling machine Model of the machine
23 Milling AAA mill Model of the machine
Milling AAA sifter Model of the machine
24 Washing Bin-weighing station Model of the machine
Blending AAA tumbler Model of the machine
Blending AAADbins Model of the machine
25 Dispensing Weighing cabinet (balance) Model of the machine
26 Washing Automatic washing station Model of the machine
I

9.2 Sterile
9.2.1 Equipment Description (Injectables)

Room No. Activity Equipment’s Description Model and Serial/Asset No.
S1 Filling and closing  Filling and closing machine for syringes Model of the machine
S2 Preparation 300 L manufacturing vessel Model of the machine
Preparation 300 L mobile vessel Model of the machine
Preparation Mobile vessel Model of the machine
Preparation Preparation reactor Model of the machine
Preparation Formulation tank Model of the machine
Preparation Mobile holding tank Model of the machine
Preparation Formulation tank Model of the machine
S3 Filling Tank Model of the machine
S4 Freeze drying Freeze dryer Model of the machine
S5 Filling and closing ~ Automatic vials filling and closing machine Model of the machine
S6 Filling and closing ~ Ampoules filling and closing machine Model of the machine
S6 Filtration Filtration accessories, hoses Model of the machine
Dispensing Material dispensing cabinet Model of the machine

Filtration Filtration assembly Model of the machine
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9.3 Liquid Manufacturing
9.3.1 Equipment Description (Soft Product)

Capacity/Make/Model

Vessel No. Activity Vessel’s Description
Raw Material Silos
L1 Raw material storage ~ Sorbitol
L2 Sorbitol
L3 Propylene glycol
L4 Propylene glycol
L5 Glycerin
L6 Glycerin
L7 Syrup sugar vessel
L8 Syrup sugar vessel
L9 Al(OH),
L10 Al(OH),
Preparation Vessels
L1l Preparation Sugar solution
L12 Gel dilution
L13 Intermediate solution
preparation

Mixer

SS bins
Manufacturing Vessels
M-02 Manufacturing Syrup preparation
M-03 Syrup preparation
M-04 Syrup preparation
M-05 Suspension preparation
M-06 Suspension preparation
M-07 Oral drops preparation
M-08 Manufacturing vessel
M-09 Melting vessel
M-10 Sterile cream

manufacturing machine

XXX L/make XYZ company /model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC

XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC

XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC

XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
XXX L/make XYZ company/model ABC
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Vessel No. Activity Vessel’s Description Capacity (L)
Holding Tanks

G-01 Syrup/suspension/ Syrup storage vessel 7500
G-02 drops holding Syrup storage vessel 7500
G-03 Syrup storage vessel 7500
G-04 Syrup storage vessel 7500
G-05 Syrup storage vessel 7500
G-06 Syrup storage vessel 7500
G-07 Suspension storage vessel 5000
G-08 Suspension storage vessel 10,000
G-09 Suspension storage vessel 10,000
G-10 Oral drops storage vessel 2500
G-11 Oral drops storage vessel 2500

I

9.4 Filling Lines
9.4.1 Equipment Description (Soft Product)

Filling Lines Description of Equipments

Filling line 1 Filling tank  Hoses/tubing  Nozzle
Filling line 2 Filling tank  Hoses/tubing  Nozzle
Filling line 3 Filling tank ~ Hoses/tubing  Nozzle
Filling line 4 Filling tank ~ Hoses/tubing  Nozzle
Filling line 5 Filling tank ~ Hoses/tubing  Nozzle
Suppository filling line 6 Filling tank  Hoses/tubing  Nozzle

Cream/ointment filling line 7  Filling tank  Hoses/tubing = Nozzle
Sterile cream filling line Filling tank  Hoses/tubing  Nozzle
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10.1.1 Facility Description

Room No. Activity Wall Floor Other
Bl Blister line 13 \/ \/
B2 Tablet counting line 14 \/ \/
Weighing booth I v N
Weighing booth IT x/ V
B3 Preparation room I 3 3
Solution preparation \/ y
Preparation room II \/ v
Preparation room III \/ v
B4 Granulation I \/ \/
Granulation II v v
Blending I x/ v
B5 Blending II v v
B6 Lifting 3 V
Tablet compression I \/ v
Bulk loading room I \/ V
B7 Tablet compression II \/ \/
B8 Bulk loading room II \/ \/
Tablet compression 111 N N
B9 Bulk loading room III \/ \/
Tablet compression IV 3 v
Bulk loading room IV \/ v
B9 Tablet compression V \/ \/
B10 Bulk loading room V \/ \/
Capsules filling I \/ v
Bulk loading room VI \/ v
continued
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Room No. Activity Wall Floor Other
B11 Capsules filling II 3 3
Bulk loading room VII \/ v
B12 Sugar coating \/ \/
Film coating I \/ v
B13 Film coating IT y \/
Bl4 Film coating I1T \/ \/
B15 Loading I \/ \/
B16 Loading II \/ \/
B17 Loading I1I v v
B18 Powder filling line 15
B19 Loading IV \/ y
— Powder bins v v
— Tablet bins 3 3
¢ ¢
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11.1 Utilities Description

The major utilities involved in the routine operation of a plant, which are used to a great
extent in the cleaning of products, are as follows.

11.1.1 Water System

ABC Pharmaceutical Company manufactures two levels of water quality: water for injec-
tion (WFI) for sterile products and purified water for other dosage forms.

City water is supplied from a municipality source and enters the ABC Pharmaceutical
Company building. After passing through a backflow preventer, it is diverted to general
plant use or to the purified water pretreatment system, which includes a reverse osmosis
(RO) system. This system supplies purified deionized water (DIW) to the pure steam
generator, the ampoule/vial washer, cleaning use points, and the distillation unit used to
produce WEFL

11.1.2 WFI System

The condensate of the heated vapor (free distillate) is collected in the condenser, where the
vapor is cooled and condensed by incoming cooling water. WFI is collected in the main
storage tank (6000-L capacity) from where two loops, one for the CIP of the freeze dryer
and the other for distribution in building C, start.

Temperature indicators are used to monitor the temperature continuously. The tempera-
ture requirement is >85°C for the WFI tank and >80°C for the water distribution system.
Conductivity and temperature at the return of the loop are monitored and registered on
control panels. Sampling points are available near each main point of use.

Weekly chemical and physical monitoring of WFI from commodity washing and solution
preparation is performed. The same two points are also used for daily microbiological
monitoring along with the parenteral area WFI inlet.

11.1.3 Purified Water System

The GMP design of the water treatment plant aims to produce purified water from city
water. The purified water quality complies with USP pharmacopeia.
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The system consists of

1. Chlorination dosing set
2. Heat exchanger for raw water-cooling
3. Sand filter
4. Carbon filter
5. Antiscalant dosing set
6. 5-um filter
7. RO station
8. Potable water tank
9. Deionizer
10. UV sterilizer
11. Purified water tank

Purified water circulates in a stainless steel loop supplying purified water to the required
use points. The water treatment plant is fully automatic and is controlled through a control
room in the utilities area.

11.1.4 Process Chilled Water System

Chilled water is an important utility used for cooling purposes.

11.1.5 Steam System

Clean steam is used for all equipment, which comes into contact with containers, solution,
or closures prior to product assembly. A generator fed by DIW produces pure steam. The
steam generator is located on the first floor of the main building of ABC Pharmaceutical
Company, from where the loop starts to different use points. Steam traps are installed to
collect condensate when necessary. The quality of pure steam condensate is the same as
established for WFI, USP. The quality of pure steam is monitored through a quality analyzer
system that measures the conductivity of condensed pure steam.

Industrial steam is produced by two boilers, each with a capacity of 5000 kg/h. The sys-
tem is fully automatic with a control and monitoring system. The steam is used for

¢ Heating during product processing
¢ Sanitization of the DI loop
e Sterilization of AI(OH), vessels

11.1.6 Compressed Air

Oil-free compressed air is produced in rotary screw compressors. It is stored in a stainless
steel receiver and then passes through a 1-um filter for particle removal and through two
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air dryers to ensure complete removal of moisture traces. It is delivered to the plant via
a stainless steel loop that supplies all use points and is equipped with a filter and
regulator.

Use points are defined to be critical, where compressed air quality is considered of medical
grade, USP.

i. Vials-washing machine
ii. Sterilization autoclave

iii. Liquid-filling lines for bottles air blowing

11.1.7 Compressed Air (Solid and Liquid Products)

Oil-free compressed air is produced in two identical rotary screw compressors (model and
make), each with a capacity of 15 m®/min. Compressed air is stored in a stainless steel
316-L receiver (4-m? capacity) and then passes through a 1-um filter for particle removal
and through two air dryers to ensure complete removal of moisture traces.

The oil-free compressed air is delivered to the plant via a stainless steel 316-L loop that
supplies all use points and has a filter and a regulator.

The system is monitored through a remote monitoring system (model and make) that
senses the operation of the compressors and displays this in the control room.

11.1.8 Nitrogen System

Nitrogen is used for

¢ Purging during product preparation
e Purging during filtering of oxygen-sensitive products
® Vacuum break after powder transfer

¢ Weighing of oxygen-sensitive active materials
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The following are the utilities monitoring and microbiological control procedures:

1. ABC-100: microbiological monitoring of water

2. ABC-200: microbiological environmental monitoring of clean room and other con-
trol environment

3. ABC-300: monitoring of microbiological quality of air and surface cleaning for
tablet manufacturing area

4. ABC-400: microbiological monitoring of soft manufacturing plant

5. ABC-500: chemical and physical monitoring of DIW and WFIin ABC Pharmaceuti-
cal Company tablets and liquids plants
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13.1 Solid Dosage Plant

No. Name Chemical Nature
1 P3-cosa FOAM 40 Clear colorless liquid—density: 0.02-1.06; pH: 6.4-7.5.
At 20°C, miscible with water in any proportion
2 White spirit
3 Phosphoric acid Phosphoric acid 85%
4 Lux liquid soap Normal soap
5 Alcohol 95%
6 Solvitol Green viscous liquid—pH: 7-8; specific gravity: 1.021
7 Clorax Sodium hypochlorite: minimum 6%
8 Radol
9 DIW
I

13.2 Sterile Plant

No. Name Chemical Nature
1 White spirit

2 Liquid soap  Normal soap

3 Alcohol 95%

4 DIW
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13.3 Antibiotic Plant

No. Name Chemical Nature

1 Ethyl alcohol C,H,OH

2 Propylalcohol  C;H,OH

3 Tego 2000 Clear colorless to pale
yellow liquid of pH 8.0

4 WFI Water for injection (H,O)

13.4 Liquid Dosage Plant

No. Name Chemical Nature

1 Solvitol Green viscous liquid—pH: 7-8; specific gravity: 1.021
2 Caustic soda NaOH

3 Hydrochloric acid ~ HCI

4 Phosphoric acid H,(PO,),

5 Alcohol C,H;OH

6 DIW Deionized water (H,O)




CLV-14

Microbiological Cleaning of Equipment Surface

Your Company’s Logo Your Company’s Name

The following are procedures for microbiological monitoring

S. No. Description SOP No.
1 Monitoring of microbiological quality of air and surface cleaning for the solid dosage plant ABC-001
2 Water sampling technique ABC-002
3 Monitoring of personnel hygiene ABC-003
4 Water microbiological analysis ABC-004
5 Microbiological environmental monitoring of clean room and other controlled ABC-005
environments facility and personnel
6 Chemical and physical monitoring of DIW and WEFI in the solid dosage, liquid dosage, ABC-006
antibiotic, and sterile plants of ABC Pharmaceutical Company
7 Microbiological and chemical monitoring of nitrogen gas used in the antibiotic plant ABC-007
8 Microbiological monitoring of the soft manufacturing plant ABC-008
9 Sterile swab preparation ABC-009
10 Microbiological monitoring of water ABC-010
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Solubility of Active Materials in Water

In this section, the solubilities of over 200 active pharmaceutical ingredients (APIs) are
presented. The matrix shows the extent of solubility of the most commonly used APIs in
the manufacture of medicines. Again, the purpose of this matrix is to help in the selection
of worst-case products, containing these APISs for cleaning validation, based on their solu-

bility in water or alcohol.

Active Ingredients

Solubility in Water

Activated attapulgite
Amphotericin

Acyclovir

Acebutolol hydrochloride
Acetazolamide
Albendazole

Aluminum hydroxide
Alprostadil

Alprenolol hydrochloride
Amantadine hydrochloride
Amiodarone

Ammonium chloride
Amoxicillin

Ampicillin trihydrate
Amikacin sulfate
Aminophylline

Aspirin

Astemizole

Atropine sulfate

Atenolol

Azithromycin dihydrate
Betamethasone valerate
Bacitracin USP
Bacampicillin hydrochloride
Bisacodyl
Beclomethasone dipropionate
Betaxolol hydrochloride
Bezafibrate
Benzalkonium chloride
Benzocaine

Bifonazole

Bromocriptine mesylate

Insoluble in water

Practically insoluble in water, soluble in alcohol
Soluble in water

Freely soluble in water and in alcohol

Very slightly soluble in water, slightly soluble in alcohol
Insoluble in water and in alcohol

Practically insoluble in water

Practically insoluble in water, freely soluble in alcohol
Very soluble in water, freely soluble in alcohol

Freely soluble in water and in alcohol

Very slightly soluble in water

Freely soluble in water

Slightly soluble in water

Slightly soluble in water, practically soluble in alcohol
Freely soluble in water

Freely soluble in water

Insoluble in water, freely soluble in alcohol

Practically insoluble in water

Very soluble in water

Sparingly soluble in water, soluble in ethanol
Practically insoluble in water, freely soluble in ethanol
Practically insoluble in water, soluble in alcohol
Freely soluble in water, soluble in alcohol

Soluble in water

Insoluble in water, sparingly soluble in alcohol

Very slightly soluble in water, freely soluble in alcohol
Very soluble in water, freely soluble in alcohol
Practically insoluble in water, sparingly soluble in methanol
Very soluble in water and in alcohol

Very slightly soluble in water

Practically insoluble in water

Practically insoluble in water

continued
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Active Ingredients

Solubility in Water

Budesonide

Buprenorphine hydrochloride

Bufexamac

Bupivacaine hydrochloride
Calcium pantothenate
Caffeine

Carbamazepine

Captopril

Carbidopa

Carbachol
Cetylpyridinium chloride
Calcitriol

Calcium ascorbate
Cinnarizine theophyllinate
Clobetasol propionate
Cephalexin monohydrate
Cefaclor monohydrate
Cefixime

Cefazolin sodium
Ceftazidime

Cefuroxime axetil
Cefotaxime

Ceftriaxone

Cetirizine HCl
Cephradine
Chlorpheniramine maleate
Chlorambucil

Chloramphenicol

Chlorcyclizine hydrochloride

Chlorhexidine
Chlorpromazine
Ciclopirox

Cimetidine
Ciprofloxacin
Clarithromycin
Clavulanate potassium
Clobutinol HC1

Codeine phosphate
Colchicine

Cloxacillin sodium
Cyanocobalamin
Cyclosporine
Dextromethorphan HBr
Diphenhydramine HCl
Diflunisal

Diclofenac diethylamine
Diethycarbamazine citrate

Practically insoluble in water, sparingly soluble in alcohol
Sparingly soluble in water

Practically insoluble in water

Soluble in water, freely soluble in alcohol

Insoluble in water

Freely soluble in boiling water

Very slightly soluble in water

Freely soluble in water and in methanol

Slightly soluble in water, very slightly soluble in alcohol
Very soluble in water, sparingly soluble in alcohol

Very soluble in water

Practically insoluble in water, freely soluble in alcohol
Freely soluble in water, practically insoluble in alcohol
Practically insoluble in water, freely soluble in CH,Cl,
Practically insoluble in water, sparingly soluble in ethanol
Slightly soluble in water, practically insoluble in alcohol
Soluble in water, insoluble in methanol

Slightly soluble in water

Freely soluble in water, very slightly soluble in alcohol
Slightly soluble in water

Slightly soluble in water, soluble in methanol

Freely soluble in water

Freely soluble in water, sparingly soluble in methanol
Freely soluble in water

Sparingly soluble in water

Freely soluble in water

Practically insoluble in water, freely soluble in ethanol
Slightly soluble in water, freely soluble in alcohol
Freely soluble in water, soluble in alcohol

Miscible in water, soluble in alcohol

Practically insoluble in water, freely soluble in ethanol
Slightly soluble in water, freely soluble in ethanol
Slightly soluble in water, soluble in alcohol

Sparingly soluble in water, slightly soluble in alcohol
Practically insoluble in water, slightly soluble in dehydrated alcohol
Freely soluble in water, soluble in methanol

Freely soluble in water and in alcohol

Freely soluble in water, soluble in ethanol

Very soluble in water

Freely soluble in water and in methanol

Sparingly soluble in water and in alcohol

Practically insoluble in water, soluble in methanol
Sparingly soluble in water

Very soluble in water, freely soluble in alcohol
Practically insoluble in water, soluble in alcohol
Sparingly soluble in water, freely soluble in methanol
Very soluble in water, soluble in alcohol
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Active Ingredients

Solubility in Water

Dexpanthenol
Diazepam
Dimenhydrinate
Diphenoxylate HCI
Doxycycline hyclate
Ephedrine HCl
Enalapril maleate
Erythromycin
Etodolac

Famotidine
Felodipine
Fenoprofen calcium
Fluxetine HCl
Fluticasone propionate
Folic acid
Fluvoxamine maleate
Flutamide

Fusidic acid
Flunitrazepam
Flutamide
Fluvoxamine maleate
Ferrous sulfate (dried)
Ferrous fumarate
Furosemide
Gemfibrozil

Ginseng
Glibenclamide
Gliclazide

Glycerin

Glyceryl guaiacolate
Gramicidin

Heparin calcium
Hydrocortisone

Hyoscine-N-butyl bromide

Ibuprofen
Indapamide
Indomethacin
Kaopectate
Ketotifen fumarate
Ketoconazole
Lacidipine
Lomefloxacin HCIL
Loratadine
Levofloxacin
Lidocaine HCl

Magnesium aluminum silicate

Freely soluble in water and in alcohol

Very slightly soluble in water, soluble in alcohol
Slightly soluble in water, freely soluble in alcohol
Sparingly soluble in water

Soluble in water, slightly soluble in alcohol

Freely soluble in water, soluble in ethanol

Soluble in water

Practically insoluble in water, soluble in methanol
Practically insoluble in water, freely soluble in ethanol
Very slightly soluble in water, slightly soluble in methanol
Practically insoluble in water, freely soluble in ethanol
Slightly soluble in water, soluble in methanol

Sparingly soluble in water, freely soluble in alcohol
Practically insoluble in water, slightly soluble in ethanol
Practically insoluble in water

Sparingly soluble in water, very soluble in methanol
Practically soluble in water, freely soluble in alcohol
Practically insoluble in water, freely soluble in alcohol
Practically insoluble in water, slightly soluble in alcohol
Practically insoluble in water, freely soluble in alcohol
Sparingly soluble in water

Freely soluble in water, very soluble in boiling water
Slightly soluble in water, very slightly soluble in alcohol
Practically insoluble in water, sparingly soluble in alcohol
Practically insoluble in water, freely soluble in methanol
Freely soluble in water

Insoluble in water, slightly soluble in alcohol

Practically insoluble in water, slightly soluble in alcohol
Soluble in water and in alcohol

Freely soluble in water

Insoluble in water

Freely soluble in water

Insoluble in water, slightly soluble in alcohol

Freely soluble in water, sparingly soluble in ethanol
Practically insoluble in water

Insoluble in water, soluble in alcohol

Practically insoluble in water, sparingly soluble in alcohol
Insoluble in water

Slightly soluble in water, sparingly soluble in methanol
Practically insoluble in water, soluble in methanol
Practically insoluble in water, sparingly soluble in ethanol
Slightly soluble in water

Insoluble in water, soluble in methanol

Levofloxacin

Very soluble in water, freely soluble in alcohol

Insoluble in water and in alcohol

continued
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Active Ingredients

Solubility in Water

Magnesium hydroxide
Miconazole nitrate
Mebendazole
Menthol
Metronidazole
Metoclopramide HCI
Metformin HCI
Nifedipine
Nicotinamide
Norfloxacin

Nystatin topical
Neomycin sulfate
Omeprazole
Orphenadrine citrate
Orciprenaline sulfate

Orphenadrine hydrochloride

Oxazepam
Oxybuprocaine HCI
Oxymetazoline HCI
Oxytetracycline
Paracetamol

Papaverine hydrochloride
Paroxetine HCl hemihydrate

Penicillamine
Pentoxifylline
Phenobarbital sodium
Phenylephrine HCl
Phenylalanine
Piperazine citrate
Propranolol HC1
Prazosin hydrochloride
Prednisolone
Promethazine HCl
Procaine hydrochloride
Proxyphylline
Pheniramine maleate
Pseudoephedrine HCl
Ranitidine HCl

Recombinant human erythropoietin

Resorcinol
Rifampicin
Risperidone
Salbutamol sulfate
Salicylamide
Salicylic acid
Sertaconazole nitrate
Silver sulfadiazine

Practically insoluble in water

Slightly soluble in water

Practically insoluble in water

Insoluble in water

Sparingly soluble in water and in alcohol

Very soluble in water, freely soluble in ethanol

Freely soluble in water, slightly soluble in alcohol
Practically insoluble in water

Freely soluble in water

Slightly soluble in water

Insoluble in water

Freely soluble in water

Freely soluble in water and in alcohol

Sparingly soluble in water, slightly soluble in ethanol
Freely soluble in water and in alcohol

Freely soluble in water and in alcohol

Practically insoluble in water, slightly soluble in alcohol
Very soluble in water, freely soluble in alcohol

Freely soluble in water and in ethanol

Freely soluble in water, sparingly soluble in alcohol
Freely soluble in alcohol, soluble in boiling water
Sparingly soluble in water, slightly soluble in alcohol
Slightly soluble in water, freely soluble in methanol
Freely soluble in water, slightly soluble in alcohol
Soluble in water

Freely soluble in water, soluble in alcohol

Freely soluble in water

Sparingly soluble in water, very slightly soluble in alcohol
Freely soluble in water, practically insoluble in alcohol
Soluble in water

Very slightly soluble in water, slightly soluble in alcohol
Very slightly soluble in water, Soluble in methanol
Very soluble in water, freely soluble in alcohol

Very soluble in water, soluble in alcohol

Very soluble in water, soluble in alcohol

Very soluble in water, freely soluble in alcohol

Very soluble in water

Very soluble in water, moderately soluble in alcohol
Sparingly soluble in water

Very soluble in water and in alcohol

Slightly soluble in water, soluble in methanol
Practically insoluble in water, sparingly soluble in alcohol
Freely soluble in water

Slightly soluble in water

Slightly soluble in water, freely soluble in alcohol
Practically insoluble in water, soluble in methanol
Insoluble in water and in alcohol
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Active Ingredients

Solubility in Water

Simvastatine sodium
Sodium alendronate
Sodium citrate
Sodium valproate
Sodium iodide
Somatostatin
Simethicone
Sucralfate
Succinylsulfathiazole
Tamoxifene citrate
Tetracycline HCI
Theophylline
Tribenoside
Triamcinolone acetonide
Triprolidine HCI
Trimethoprim
Tyrothricin
Xylometazoline
Vancomycin HCI
Verapamil hydrochloride
Vitamin A

Vitamin D

Vitamin C

Vitamin B,

Vitamin B,

Vitamin B,

Vitamin B,

Xylometazoline hydrochloride

Zinc oxide

Practically insoluble in water, freely soluble in methanol
Soluble in water, very slightly soluble in methanol
Freely soluble in water

Very soluble in water, slightly to freely soluble in water
Very soluble in water, freely soluble in alcohol

Freely soluble in water

Practically insoluble in water

Insoluble in water

Very slightly soluble in water, slightly soluble in alcohol
Very slightly soluble in water, soluble in methanol
Soluble in water

Slightly soluble in water, sparingly soluble in alcohol
Very soluble in water and in alcohol

Insoluble in water

Soluble in water and in alcohol

Very slightly soluble in water, slightly soluble in alcohol
Practically insoluble in water, soluble in alcohol

Soluble in water

Freely soluble in water

Soluble in water, freely soluble in methanol

Insoluble in water

Insoluble in water

Freely soluble in water

Sparingly soluble in water

Soluble in water

Freely soluble in water

Sparingly soluble in water

Freely soluble in water, alcohol, and methanol
Insoluble in water

Solubility Key

Solubility Scale in Numbers

Very soluble in water

Freely soluble in water

Soluble in water

Sparingly soluble in water

Slightly soluble in water

Very slightly soluble in water

Practically insoluble in water or insoluble

N O U 0N
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In the preceding chapter, solubilities of the APIs were presented. Likewise, the toxicities of
the same active materials are shown in the matrix below. Toxicity was taken from the
material safety data sheets of the respective materials.

Active Ingredients

Toxicity

Activated attapulgite
Amphotericin

Acyclovir

Acebutolol hydrochloride
Acetazolamide
Albendazole

Aluminum hydroxide
Alprostadil

Alprenolol hydrochloride
Amantadine hydrochloride
Ambroxol hydrochloride
Amiodarone

Ammonium chloride
Amoxicillin

Ampicillin trihydrate
Amikacin sulfate
Aminophylline

Aspirin

Astemizole

Atropine sulfate

Atenolol

Azithromycin dihydrate
Betamethasone valerate
Bacitracin USP
Bacampicillin hydrochloride
Bisacodyl

Beclomethasone dipropionate

Nontoxic

LDy, 88.0 g/kg intraperitoneal mouse

LDy, 20.0 g/kg oral rat; LDs, 10.0 g/kg oral mouse
LDs, 6620.0 g/kg oral rat

LDs, 4300 mg/kg oral mouse

LDs, 2400.0 mg/kg oral rat

LDy, 9500 mg/kg oral rat

LDy, 186.0 mg/kg oral mouse

LDs, 590.0 mg/kg oral rat

LDs, 700.0 mg/kg oral mouse

LDs, 13,400.0 mg/kg oral rat

LDy, 2600.0 mg/kg oral rat

LDy, 1650.0 mg/kg oral rat

LDs, 15.0 g/kg oral rat; LDy, 25 g/kg oral mouse
LDs, 10,000 mg/kg oral rat

LD 5, >6000 mg/kg oral mouse

LDs, 243 mg/kg oral rat

LDy, 200 mg/kg oral rat

LDy, 2560.0 g/kg oral rat; LDs, 2560.0 g/kg oral mouse
LDs, 600 mg/kg oral rat

LD;, 2000.0 mg/kg oral mouse/rat

LDs, 2.0 g/kg oral rat; LD5, 3.0 g/kg oral mouse
LDy, 3.0 g/kg oral rat; LDs, 4067 mg/kg oral mouse
LDy, 3750.0 mg/kg oral mouse

LDy, 10,000.0 g/kg oral rat

LDs, 4320 mg/kg oral rat

LDs, 3750.0 mg/kg oral rat
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Active Ingredients

Toxicity

Betaxolol hydrochloride
Bezafibrate

Benzocaine

Benzalkonium chloride
Bromhexine HCl
Bifonazole

Budesonide
Buprenorphine hydrochloride
Bufexamac

Bupivacaine hydrochloride
Calcium pantothenate
Caffeine

Carbamazepine
Carbinoxamine

Carbachol

Captopril

Carbidopa
Cetylpyridinium chloride
Calcitriol

Calcium ascorbate
Cinnarizine theophyllinate
Clobetasol propionate
Cephalexin monohydrate
Cefaclor monohydrate
Cefixime

Cefazolin sodium
Ceftazidime

Cefuroxime axetil
Cefotaxime

Ceftriaxone

Cetirizine HC1
Cephradine
Chlorpheniramine maleate
Chlorambucil
Chloramphenicol
Chlorcyclizine hydrochloride
Chlorhexidine
Chlorpromazine
Ciclopirox

Cimetidine

Cincochain HC1
Ciprofloxacin

LDs, 998.0 mg/kg oral rat; LD5, 48.0 mg/kg oral mouse
LDs, 1082.0 mg/kg oral rat

LDs, 1150.0 mg/kg oral rabbit

LDy, 240.0 mg/kg oral rat

LDy, 1226 mg/kg oral rat

LDs, 1463.0 mg/kg oral rat; LD5, 2629.0 mg/kg oral mouse
LDs, 4750.0 mg/kg oral mouse

LDs, 1000 mg/kg oral rat

LDy, 3370.0 mg/kg oral rat; LD5, 8000.0 mg/kg oral mouse
LD;, 43 mg/kg subcutaneous rat

LDy, 10 g/kg oral rat

LDs, 127 mg/kg oral mouse

LDs, 1957 mg/kg oral rat

LDj, 162 mg/kg oral mouse

LDj, 40.0 mg/kg oral rat; LDs, 15.0 mg/kg oral mouse
LDs, 4245 mg/kg oral rat

LDs, 1750 mg/kg oral mouse

LDs, 200.0 mg/kg oral rat; LD5, 108.0 mg/kg oral mouse
LD;, 0.62 mg/kg oral rat

LDy, 14,500.0 mg/kg oral rat; LDy, 1600.0 mg/kg oral mouse
LDs, 6500.0 g/kg oral rat; LDy, 4500.0 mg/kg oral mouse
LDy, 3.0 g/kg oral rat; LD5, 3.0 mg/kg oral mouse

LDs, 1495 mg/kg oral mouse

LDs, >20,000 g/kg oral rat

Nontoxic

LD;, 11,000.00 mg/kg oral rat

LDs, >20,000 mg/kg oral rat

LDj, 5000 mg/kg oral rat

LDy, 20,000.00 mg/kg oral rat

LD;,10.0 g/kg oral rat and oral mouse

LDs, 703.0 mg/kg oral rat

LDj, 5000 mg/kg oral mouse

LD;, 130 mg/kg oral mouse; LD5, 300 mg/kg oral rat
LD;, 80 mg/kg oral mouse; LDy, 76 mg/kg oral rat

LD;, 2500 mg/kg oral rat; LD5, 1500.0 mg/kg oral mouse
LDs, 300 mg/kg oral mouse

LDs, 9200 uL/kg oral rat

LDs, 145.0 mg/kg oral rat; LD5, 135.0 mg/kg oral mouse
LDs, 2350 mg/kg oral rat

LDy, 5000 mg/kg oral rat

LDs, 42 mg/kg oral bird

LDs, 5000 mg/kg oral rat; LD5, 5000 mg/kg oral mouse
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Active Ingredients Toxicity

Clarithromycin LDs, 2700 mg/kg oral rat

Clavulanate potassium LD;, 5000 mg/kg oral rat

Clobutinol HC1 LDs, 802 mg/kg oral rat

Codeine phosphate LD;, 85 mg/kg oral rat

Colchicine LDs, 5886 ug/kg oral mouse

Cloxacillin sodium
Cyanocobalamin
Cyclosporine
Dextromethorphan HBr
Diphenhydramine HCl
Diclofenac sodium
Diflunisal
Diethylcarbamazine citrate
Dexpanthenol
Diazepam
Dimenhydrinate
Diphenoxylate HCI
Doxycycline hyclate
Ephedrine HCl
Enalapril maleate
Erythromycin
Etodolac

Famotidine

Felodipine

Fenoprofen calcium
Fluxetine HC1
Fluticasone propionate
Fluvoxamine maleate
Flutamide

Folic acid

Fusidic acid
Flunitrazepam
Flutamide
Fluvoxamine maleate
Ferrous sulfate (dried)
Ferrous fumarate
Furosemide
Gemfibrozil

Ginseng
Glibenclamide
Gliclazide

Glycerin

LDy, 5000 mg/kg oral rat

LDy, 2 g/kg oral mouse

LDy, 15,800 mg/kg oral rabbit

LDs, 350 mg/kg oral rat

LDs, 500 mg/kg oral rat

LDy, 390 mg/kg oral mouse; LD5, 150 mg/kg oral rat
LDy, 392 mg/kg oral mouse; LDy, 439 mg/kg oral rat
LD;, 660 mg/kg oral mouse; LDy, 1400 mg/kg oral rat
LDs, 15,000 mg/kg oral mouse

LDs, 48 mg/kg oral mouse

LDy, 681 mg/kg oral rat

LDy, 221 mg/kg oral rat

LDs, 1900.0 g/kg oral mouse

LDs, 710 mg/kg oral rat

LDs, 2973 mg/kg oral rat

LD;, 10.0 g/kg oral mouse

LDy, 95 mg/kg oral rat

LDs, 4049 mg/kg oral rat

LDs, 1050 mg/kg oral rat

LDs, 439 mg/kg oral mouse; LD5, 415 mg/kg oral rat
LDy, 452 mg/kg oral rat

LDy, 2000 mg/kg oral rat

LDs, 1100.0 mg/kg oral mouse

LDs, 787 mg/kg oral rat

LDs, 8000 mg/kg oral rat

LDy, 975.0 mg/kg oral mouse

LDy, 415 mg/ kg oral rat

LDs, 787 mg/kg oral rat

LDs, 1100.0 mg/kg oral mouse

LDs, 1520 mg/kg oral mouse

LD;, 3850 mg/kg oral rat

LDy, 2600 mg/kg oral rat

LDs, 1414 mg/kg oral rat

LDs, 750 mg/kg oral rat

LDs, >20,000 mg/kg oral rat

LDs, 3000 mg/kg oral rat

LDy, 17 g/kg oral rat
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Active Ingredients Toxicity

Glyceryl guaiacolate LD;, 12600 mg/kg oral rat

Gramicidin LD;, 1000 mg/kg oral mouse

Heparin calcium LDs, >200 KU /kg oral rat; LDy, >400 KU /kg oral mouse
Hydrocortisone LDs, 150 mg/kg oral rat

Hyoscine-N-butyl bromide LDs, 1170 mg/kg oral mouse; LD5, 1040 mg/kg oral rat
Ibuprofen LDy, 636 mg/kg oral rat; LDy, 740 mg/kg oral mouse
Indapamide LDs, >3000 mg/kg oral rat

Indomethacin LDy, 2.42 mg/kg oral rat

Kaopectate LDs, >5000 mg/kg oral rat

Ketotifen fumarate LDy, 360 mg/kg oral rat; LDy, 585 mg/kg oral mouse
Ketoconazole LD;, 166.0 mg/kg oral rat; LD, 618 mg/kg oral mouse
Lamotrigine LDy, 185 mg/kg oral rat; LD5, 269 mg/kg oral mouse
Lomefloxacin HCl LDs, 1556 mg/kg oral rat

Loratadine LDs, >5000 mg/kg oral rat

Levofloxacin LDs, 35,900 mg/kg oral rat; LD5, 3366 mg/kg oral mouse
Lidocaine HCl LDj, 292 mg/kg oral mouse

Magnesium aluminum silicate LDy, 16,000 mg/kg oral rat

Magnesium hydroxide LD;, 8500 mg/kg oral rat

Miconazole nitrate LDs, 920 mg/kg oral rat; LDs, 578 mg/kg oral mouse
Mebendazole LDs, 714 mg/kg oral rat; LD5, 620 mg/kg oral mouse
Menthol LDs, 3300 mg/kg oral rat

Metronidazole LDy, 3000 mg/kg oral rat

Metoclopramide HCI LDs, 280 mg/kg oral mouse

Metformin HCl LDs, 4000 mg/kg oral rat

Nifedipine LDs, 1022 mg/kg oral rat

Nicotinamide LDs, 3500 mg/kg oral rat

Norfloxacin LDs, >4000 mg/kg oral rat

Nystatin topical LDy, 10,000 mg/kg oral rat; LD, 8000 mg/kg oral mouse
Neomycin sulfate LDy, 8.0 g/kg oral mouse

Omeprazole LDs, 2210 mg/kg oral rat; LDs, 4.0 g/kg oral mouse
Orphenadrine citrate LD;, 150 mg/kg oral mouse

Orciprenaline sulfate LDs, 5538 mg/kg oral rat

Orphenadrine hydrochloride LDy, 255 mg/kg oral rat

Oxazepam LDs, >8000 mg/kg oral rat

Oxybuprocaine HCI N/A

Oxymetazoline HCI LDy, 0.88 mg/kg oral rat

Oxytetracycline LD;, 4700 mcg/kg oral mouse; LD5, 680 mcg/kg oral rat
Paracetamol LDs, 2404 mg/kg oral rat

Papaverine hydrochloride LDs, 68.8 mg/kg oral rat

Paroxetine HCl hemihydrate LDy, 374 mg/kg oral rat; LDy, 341 mg/kg oral mouse
Penicillamine LDs, 3670 mg/kg oral mouse

Pentoxifylline LDs, 1170 mg/kg oral rat
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Phenobarbital sodium LDy, 150 mg/kg oral rat

Phenylephrine HCI LD;, 350 mg/kg oral rat

Phenylalanine Not known

Piperazine citrate LDs, 11,200 mg/kg oral rat

Propranolol HC1 LDs, 466 mg/kg oral rat

Prazosin hydrochloride LDy, 1950 mg/kg oral rat

Prednisolone LD;, 1680 mg/kg oral mouse

Promethazine HCl LDs, 255 mg/kg oral rat

Procaine hydrochloride LDs, 184 mg/kg IP rat; LD, 180 mg/kg IP mouse
Pheniramine maleate LDy, 520 mg/kg oral rat

Pseudoephedrine HC1 LDy, 202 mg/kg IP mouse

Ranitidine HCI LDs, >5 mg/kg oral rat; LDy, 884 mg/kg
Recombinant human erythropoietin N/A

Resorcinol LDs, 301 mg/kg oral rat

Rifampicin Not known

Risperidone LDs, 56.6 mg/kg oral rat

Salbutamol sulfate LDj, 1950 mg/kg oral mouse; LDy, 2500 mg/kg oral rat
Salicylamide LDy, 1700 mg/kg oral rat

Salicylic acid LDs, 1500 mg/kg oral mouse; LD5, 700 mg/kg oral rat

Sertaconazole nitrate
Silver sulfadiazine
Simvastatine sodium
Sodium alendronate
Sodium citrate
Sodium valproate
Sodium iodide
Somatostatin
Simethicone
Sucralfate
Succinylsulfathiazole
Tamoxifene citrate
Tetracycline HC1
Theophylline
Tribenoside
Triamcinolone acetonide
Triprolidine HC1
Trimethoprim
Tyrothricin
Xylometazoline
Vancomycin HCI

Not available

LDs, 1000 mg/kg oral rat

LDy, 4438 mg/kg oral rat; LD5, 3.0 g/kg oral mouse
Not available

Not known

LDs, 870 mg/kg oral rat

LDs, 4340 mg/kg oral rat

LDy, 21 mg/kg IV rat; LD5, 33 mg/kg IV mouse

LDy, 2000 mg/kg oral rat

LDy, 12 g/kg oral rat

LDs, 10 g/kg IV rat; LDs, 5700 mg/kg IP mouse

LDs, 1190 g/kg oral rat

LDy, 6443 mg/kg oral rat; LD,, 2759 mg/kg oral mouse
LDy, 666 mg/kg oral rat

LDs, 10.0 mg/kg oral rat

LD;, 5000 mg/kg oral mouse

LDs, 840 mg/kg oral rat; LD5, 495 mg/kg oral mouse
LDs, >5300 mg/kg oral rat; LD5, 2764 mg/kg oral mouse
LDs, >3000 mg/kg oral mouse

LDs, 230.0 mg/kg oral rat

LDs, 10.0 g/kg oral rat; LDs; 5.0 g/kg oral mouse
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Active Ingredients Toxicity

Verapamil hydrochloride LDs; 108.0 mg/kg oral rat

Vitamin A LDy, 7910 mg/kg oral rat; LD5, 6060 mg/kg oral mouse
Vitamin D LDy, 2000 mg/kg oral rat

Vitamin C LDy, 11,900 mg/kg oral rat

Vitamin B, LDy, 10,000 mg/kg oral rat and oral mouse

Vitamin B, LD, 20,000 mg/kg oral rat

Vitamin B, LDy, 5500 mg/kg oral mouse; 4000 mg/kg oral rat
Vitamin B,, LD5, 8000 mg/kg oral mouse

Xylometazoline hydrochloride LDy, 230 mg/kg oral rat; LDy, 75 mg/kg oral mouse

Zinc oxide LDy, >8437.0 mg/kg oral rat; LD5, 7950 mg/kg oral mouse
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In the following sections, a general presentation of product grouping along with the infor-
mation about their APIs, excipients, therapeutic dose, maximum daily dosage, solubility,
and toxicity is presented. The basic purpose of products grouping is to determine the
representative or worst-case products manufactured in a particular equipment train.

While generating the CVMP, it is very important to have a clear overview of all the
product types and knowledge of their constituents. Based on this information and with
the help of equipment trains in the following sections, it would be a straightforward pro-
cess to identify the worst-case products for each equipment train.

The information is general and is only meant to explain how the step-by-step generation
of Master Validation Plan (MVP) should be processed.

17.1 Product Grouping Matrix (Solid Dosage)
17.1.1 Tablets

Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day  Solubility Toxicity Level LDy,
Thidoxine tablets 450,000 Thiamine 100 mg 440 mg 2 LDj,>10,000 mg/kg
oral rat
Pyridoxine 200 mg 840 mg 2 LDs, 5500 mg/kg
oral mouse
Lactose 2
monohydrates
PVP-90 1
Magnesium
stearate
Avicel PH-112 7
Cyanocobalamine 200 mg 1.208 mg 4 LD, 2 g/kg
oral mouse
Aceclofenac F/C 600,000 Aceclofenac 100 mg 200 mg 7
tablets (120 kg)
Lactose
Maize starch 3
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Maximum
Therapeutic Usage per

Product Batch Size Ingredients Dose Day Solubility Toxicity Level LD,
PVP-K-30 2
Avicel 7
Magnesium 7
stearate
Paracetamol 1,000,000 Paracetamol 500 mg 4g 3 LDy, 2404 mg/kg
500 mg tablets tablets oral rat
(640 kg)
Maize starch 3
PVP-K-30 2
Potassium sorbate 1
Glycerol 5
Albendazole 175,000 Albendazole 400 mg 800 mg 7 LDs, 2400 mg/kg
tablets (103.25 kg) oral rat
Maize starch 3
Lactose 2
PVP-K-30 2
Magnesium 7
stearate
Avicel 7
Primogel 6
Amiodarone 500,000 Amiodarone HC1 200 mg 600 mg 6 LDy, 2600 mg/kg
200 mg tablets (175 kg) oral rat
Lactose 2
PVP-K-30 2
Magnesium 7
stearate
Aerosil 200 7
Maize starch 3
Bromocryptin 1,000,000 Bromocryptin 2.5mg 7.5mg 7
2.5 mg tablets (110 kg)
Lactose 2
monohydrates
Maize starch 3
Sodium EDTA 3
Magnesium 7
stearate
Aerosil 200
Ketotifen 1.0 mg 500,000 Ketotifen fumarate 1mg 2mg 5 LDs, 360 mg/kg
tablets tablets oral rat
(57.5kg)
Lactose 2
monohydrates
Maize starch 3
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Maximum
Therapeutic Usage per

Product Batch Size Ingredients Dose Day  Solubility Toxicity Level LDy,
PVP-K-30 2
Magnesium 7
stearate
Avicel PH-102 7
Oxybuprocaine 100,000 Oxybuprocaine 0.2mg 12mg 1
Lozenges (1245kg) HCl
Cetyl pyridinium 1.0 mg 6.0mg 1
Tyrothricin 4.0 mg 24 mg
Menthol 7
Aerosil 200 7
Magnesium 7
stearate
Sorbitol 4
Dextrose
Betamethasone 1,000,000 Betamethasone 0.5mg 5mg 7 LD;, 3.0 g/kg
0.5 mg tablets tablets oral rat
(110 kg)
Magnesium 7
stearate
Lactose 2
monohydrates
Maize starch 3
Salbutamol 4 mg 1,000,000 Salbutamol 4mg 16 mg 2 LDs, 1950 mg/kg
tablets tablets oral mouse; LD,
(120 kg) 2500 mg/kg
oral rat
Lactose 2
monohydrates
Maize starch 3
Magnesium
stearate
Captopril 50 mg 500,000 Captopril 2 LDs, 4245 mg/kg
tablets tablets oral rat
Lactose spray dried 2
Avicel PH-102 7
Stearic acid 7
Starch 1500 5
Propranolol 40 mg 1,000,000 Propranolol HCI1 40 mg 120 mg 3 Not known
tablets tablets
(200 kg)
Maize starch 3
Lactose 2
Magnesium 7
stearate
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Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day Solubility Toxicity Level LD,
Stearic acid 7
Avicel 7
Cetrizine 10 mg 800,000 Cetrizine HCI 10 mg 10 mg 2 LDy, 703 mg/kg
F/C tablets tablets oral rat
(104 kg)
Maize starch 3
Lactose 2
PVP-K-30 2
Magnesium 7
stearate
Chlorpheniramine 2,000,000 Chlorpheniramine 4mg 24 mg/ 2 LDs, 130 mg/kg
tablets tablets maleate day oral mouse; LDs,
300 mg/kg oral rat
Lactose 2
monohydrates
Maize starch 3
Magnesium 7
stearate

Cimetidin 400 mg 225,000 Cimetidin 800 mg 1600 mg 5 LDs, 5000 mg/kg

tablets tablets oral rat
(123.75 kg)

Ciprofloxacin 150,000 Ciprofloxacin HCl 500 mg 500 mg 4 LDs, 5000 mg/kg
500 mg E/C tablets oral rat; LD;,
tablets (115.5kg) 5000 mg/kg

oral mouse
Kolidone CL 7
Primogel 6
PVP-K-30 2
Magnesium 7
stearate
Avicel PH-102 7
Aerosil 200 7
Clarithromycin 125,000 Clarithromycin 500 mg 1500 mg 7
500 mg tablets tablets
(112 kg)
Avicel PH-102 7
PVP-K-30 2
Aerosil 200 7
Starch 1500 5
Stearic acid 7

Diclofenac 50 mg 2,000,000 Diclofenac sodium 50 mg 150 mg 4 LD;, 150 mg/kg

tablets tablets oral rat
(438 kg) Lactose 2

monohydrates
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Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day  Solubility Toxicity Level LDy,

Maize starch 3

Magnesium 7
stearate

Avicel
PVP-K-30
Aerosil 200

Metformin 100 mg 100,000 Metformin HCl 1000 mg 1000 mg LDs, 4000 mg/kg
F/C tablets tablets oral rat
(11.5kg)

N N NN

Starch 1500
Maize starch

PVP-K-30
PVP-K-90
Avicel PH-101

Magnesium
stearate

NN NN WO

[e)}

Diazepam 5mg 1,000,000 Diazepam 5mg 60 mg LDs, 48 mg/kg
tablets tablets oral mouse
(120 kg)
Lactose 2
monohydrates
Maize starch 3
Magnesium
stearate
PVP-K-30
Dimenhydrinate 1,000,000  Dimenhydrinate 50 mg 400 mg LD, 681 mg/kg
tablets tablets oral rat
(211 kg)

a1 N

Lactose 2
monohydrates
Maize starch 3
Magnesium
stearate

Erythromycin 115,000 Erythromycin 500 mg 1000 mg 7 LD5,>10.0 g/kg
500 mg tablets tablets stearate oral mouse
(120.75 kg) 3
Maize starch

PVP-K-30
Primogel
Stearic acid

NN oN

Magnesium
hydroxide
Glyceryl behenate 7
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Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day Solubility Toxicity Level LD,
Dextromethorp 700,000 Dextromethorphan 2 LDs, 350 mg/kg
han tablets tablets HBr oral rat
(84 kg)
Maize starch 3
Lactose 2
monohydrates
Magnesium 7
stearate
Famotidine 40 mg 600,000 Famotidine 40 mg 80 mg/ 6 LD;, 4049 mg/kg
tablets tablets tablet oral rat
(123 kg)
Avicel 7
Starch 1500 5
PVP-K-25 2
Glyceryl behenate 7
Iron oxide
Carbamazepine 250,000 Carbamazepine 200 mg 200 mg 5 LD;, 1957 mg/kg
tablets 200 mg tablets oral rat
(65kg)
Avicel PH-101 7
Aerosil 200 7
Magnesium 7
stearate
CMC sodium 3
Primogel 6
Antiflu tablets 1,000,000 Paracetamol 200 mg 4000 mg 3 LD;, 2404 mg/kg
tablets oral rat
(620kg)  Salicylamide 250mg ~ 45mg LD, 1700 mg/kg
oral rat
Phenylephrine 5mg LDs, 350 mg/kg
oral rat
Promethazine HCl 5mg LDs, 255 mg/kg
oral rat
Maize starch 3
PVP-K-30 2
Magnesium 7
stearate
Aerosil 200 7
Folic acid 5 mg 6,000,000 Folic acid 5mg 5mg/ 7 LDs, >8000 mg/
tablets tablets day kg oral rat
(690 kg)
Lactose 2
monohydrates
Maize starch 3
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Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day  Solubility Toxicity Level LDy,
Avicel PH-102 7
Stearic acid 7
Aerosil 200 7
Gliclazide 80 mg 500,000 Gliclazide coarse 80 mg 160 mg 7 LDs, 3000 mg/ kg
tablets tablets oral rat
(80 kg)
Lactose 2
monohydrates
Maize starch 3
PVP-K-30
Magnesium
stearate
Avicel PH-102 7
Primogel 6
Prednisolone 750,000 Prednisolone 20 mg 200 mg 6 LDs, 1680 mg/kg
20 mg tablets tablets Magnesium 7 oral mouse
(187.5kg)  stearate
Lactose 2
Avicel 7
Promethasone 600,000 Promethasone 25mg 50 mg 1 LDy, 255 mg/kg
25mgF/C tablets oral rat
(20 kg)
Lactose 2
monohydrates
Maize starch 3
PVP-K-30 2
Magnesium 7
stearate
Sodium disulfate
Indapamide 1,000,000 Indapamide 2.5mg 2.5mg 7 LDs, >3000 mg/kg
25mgF/C tablets oral rat
tablets 95 kg)
Lactose 2
monohydrates
PVP-K-30 2
Maize starch 3
Magnesium 7
stearate
Sodium lauryl
sulfate
Diphenoxylate 1,000,000  Diphenoxylate HCl ~ 2.5 mg 30 mg 4 LDs, 600 mg/kg
tablets oral rat
Atropine tabs Atropine sulfate 0.025mg 0.3 mg
Lactose 2
monohydrates
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Maximum
Therapeutic Usage per

Product Batch Size Ingredients Dose Day  Solubility Toxicity Level LDy,
Maize starch 3
Magnesium 7
stearate
Levofloxacin F/C 160,000 Levofloxacin 500 mg 1000 mg LDs, 35,900 mg/kg
tablets tablets oral rat; LDj,
(105.6 kg) 3366 mg/kg
oral mouse
Avicel PH-102 7
PVP-K-30 2
Hypromellose
Paracetamol 1,000,000 Paracetamol 500 mg 2000 mg 3 LDs, 2404 mg/kg
caplet 500 tablets oral rat
(640 kg)
Maize starch 3
PVP-K-30 2
Magnesium 7
stearate
Gelatin 7
Glycerol 5
Primogel 6
Aerosil 200 7
Aspirin 81 mg 2,000,000 Aspirin 81 mg 4 g/day 5 LDy, 200 mg/kg
E/C tablets tablets Avicel PH-102 7 oral rat
(230 kg)
Magnesium 7
stearate
Aspirin 300 mg 2,000,000 Aspirin 300 mg 5 LD;, 200 mg/kg
E/C tablets tablets oral rat
Avicel PH-102 7
Magnesium 7
stearate
Attapulgite tablets 120,000 Attapulgite regular 19 kg 750 mg 1500 mg Nontoxic
tablets
(120 kg)
Attapulgite 11 kg 880 mg
colloidal
Klucel
Sucrose
Magnesium
stearate
PVP-K-30
Lamotrigine 150,000 Lamotrigine 100 mg 200 mg 6 LDs, 185 mg/kg
100 mg tablets tablets oral rat; LD;,
(45 kg) 269 mg/kg

oral mouse
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Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day Solubility Toxicity Level LD,
Avicel PH-102 7
Lactose 2
monohydrates
Primogel 6
PVP-K-30 2
Iron oxide yellow 7
Sennosides 12 mg 1,300,000 Sennosides 12 mg 72mg/ 2
S/C tablets tablets day
(178.75kg) - Avicel PH-102 7
Magnesium 7
stearate
Lactose dried 2
Starch 1500
Aerosil 200 7
Bisacodyl 5 mg 650,000 Bisacodyl 5mg 20 mg 6 LDs, 4320 mg/kg
tablets tablets oral rat
(48.75 kg)
Lactose 2
Avicel 7
Maize starch 3
Magnesium 7
stearate
Benzafibrate 3,000,000 Benzafibrate 200 mg 600 mg 7 LD;, 1082.0 mg/kg
200 mg tablets tablets oral rat
(111 kg)
Maize starch 3
Magnesium 7
stearate
Methocel 3
Avicel 7
Primogel 6
Lactose 2
monohydrates
Lomefloxacin 150,000 Lomefloxacin HC1 400 mg 400 mg 5 LD;, 1556 mg/kg
400 mg tablets tablets oral rat
(102.6 kg)
Lactose 2
monohydrates
CMC calcium 3
Klucel EF 3
Magnesium stearate 7
Avicel PH-102 7
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Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day Solubility Toxicity Level LD,
Acyclovir 800 mg 90,000 Acyclovir 800 mg 2400 mg 3 LDs,>20.0 g/kg
tablets tablets oral rat
(97.65 kg)
Avicel PH-102 7
Primogel 6
Maize starch 3
Magnesium 7
stearate
Loratadine 10 mg 1,000,000 Loratadine 10 mg 10 mg 7 Nontoxic
tablets tablets
(115 kg)
Lactose 2
monohydrates
Maize starch 3
Magnesium 7
stearate
Mebendazole 150,000 Mebendazole 100 mg 100 mg 7 LDy, 714 mg/kg
100 mg tablets tablets oral rat
(43. 05 kg)
Maize starch 3
Avicel PH-102 7
PVP-K-30 2
Methyldopa 285,000 Methyldopa 4
250 mg F/C tablets anhydrous
tablets (101.175)
Guar gum 7
Avicel PH-102
Aerosil 200 7
Ethyl cellulose
Magnesium 7
stearate
Glibenclamide 500,000 Glibenclamide 2.5mg 20 mg/ 6 LDj, >20,000 mg/kg
tablets tablets day oral rat
(80 kg)
Lactose 2
monohydrates
Maize starch 3
Magnesium 7
stearate
Aerosil 200 7
Talc fine powder 7
Multivitamin M 1,300,000 Thiamine 2mg 6 mg/ 2 LDs, >1000 mg/kg
tablets tablets day oral rat
(240kg)  Riboflavin 1mg 3mg/ 2 LDj, >20,000 mg/kg
day oral rat
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Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day  Solubility Toxicity Level LDy,
Nicotinamide 15 mg 45 mg/ 2 LDs, 3500 mg/kg
day oral rat
Vitamin D; 300 TU 900 IU/ 7 LD;, >2000 mg/kg
day oral rat
Vitamin A 3000 IU 9000 IU/ 7 LD;, 7910 mg/kg
palmitate day oral rat
PVP-K-30 2
Avicel PH-102 7
Magnesium 7
stearate
Lactose 2
monohydrates
Magnesium oxide 7
Zinc sulfate 7
Bromhexine 8 mg 2,000,000 Bromhexine HCl 8 mg 48 mg 6 LDy, 1226 mg/kg
tablets tablets oral mouse
(240 kg)
Lactose 2
monohydrates
Maize starch 3
Gelatin powder 7
Magnesium 7
stearate
Ambroxol 30 mg 350,000 Ambroxol HCI 30 mg 60 mg 4 LDy, 13,400.0 mg/
tablets tablets kg oral rat
(84 kg)
Lactose 2
monohydrates
Maize starch 3
Aerosil 200/ 7-7
AC-DI-Sol
Magnesium 7
stearate
Orphenadrine 1,000,000  Paracetamol 450 mg 3600 mg 3 LD;, 2404 mg/kg
tablets tablets oral rat
(660kg)  Orphenadrine 35mg 4 LDy, 150 mg/kg
citrate oral mouse
Maize starch 3
PVP-K-30 2
Primogel 6
Glycerol 5
Enalapril 20 mg 200,000 Enalapril maleate 20 mg 20 mg 3 LDy, 2973 mg/kg
tablets tablets oral rat
(40 kg)
Lactose 2
monohydrates
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Maximum
Therapeutic Usage per

Product Batch Size Ingredients Dose Day Solubility Toxicity Level LDy,
Magnesium 7
stearate
Maize starch 3
Starch 1500 5
Metronidazole 625,000 Metronidazole 500 mg 2000 mg 4 LD;, 3000 mg/kg
500 mg tablets tablets oral rat
(593.75 kg)
Lactose 2
monohydrates
Avicel PH-102 7
Maize starch 3
PVP-K-30 2
Magnesium 7
stearate
Primogel 6
Mebendazole 400,000 Mebendazole 100 mg 200 mg 7 LDy, 714 mg/kg
100 mg tablets tablets oral rat; LDj,
(116 kg) 620mg/kg
oral mouse
Avicel PH-102 7
PVP-K-30 2
Primogel 6
Magnesium 7
stearate
Sodium saccharin 2
Sodium lauryl 2
sulfate
Ibuprofen 600 mg 650,000 Ibuprofen 600 mg 2400 mg 7 LDs, 636 mg/kg
tablets tablets oral rat
(562.25 kg)
Maize starch 3
Magnesium 7
stearate
Starch 1500 5
Aerosil 200 7
Stearic acid 7
Metoclopramide 1,000,000 Metoclopramide 10 mg 30 mg/ 1 LDy, 280 mg/kg
10 mg tablets tablets day oral mouse
(125 kg)
Lactose 2
monohydrates
Maize starch 3
Microcrystalline 3

cellulose
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Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day Solubility Toxicity Level LD,
Pyridoxine 40 mg 2,000,000 Pyridoxine HCI 40 mg 1200 mg 2 LDs, 5500 mg/kg
tablets tablets oral mouse
(240 kg)
Microcrystalline 3
cellulose
Magnesium 7
stearate
Aerosil 200
Ranitidine 300 mg 250,000 Ranitidine HC1 300 mg 600 mg 1 LDs, >5 mg/kg
F/C tablets tablets oral rat; LD;,
(120 kg) 884 mg/kg
Magnesium 7
stearate
Avicel PH-102 7
Clarithromycin 125,000 Clarithromycin 500 mg 1500 mg 7
500 tablets tablets
(112.5 kg)
Avicel PH-102 7
PVP-K-30 2
Aerosil 200 7
AC-DI-Sol 7
Magnesium 7
stearate
Stearic acid 7
Simethicone 400,000 Simethicone 42 mg 336 mg 7 LDs, >2000 mg/kg
tablets tablets oral rat
(252 kg)
Magnesium 7
stearate
Dextrates 2
Furosemide 40 mg 500,000 Furosemide 40 mg 40 mg 4 LDs, 2600 mg/kg
tablets tablets oral rat
(100 kg) Maize starch 3
Lactose 2
monohydrates
Starch 1500 5
Stearic acid 7
Aerosil 200 7
Magnesium 7
stearate
Ciprofloxacin 500 150,000 Ciprofloxacin HC1 500 mg 1500 mg 7 LDs, >500 mg/kg
F/C tablets tablets oral rat
(115.5 kg)
Kolidone 7
Primogel 6
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Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day  Solubility Toxicity Level LDy,
PVP-K-30 2
Aerosil 200 7
Magnesium 7
stearate
Avicel PH-102 7
Hyoscine butyl 2,600,000 Hyoscine butyl 10 mg 100 mg 2 LD;, 1040 mg/kg
S/C tablets tablets oral rat
(202.8 kg)
Lactose 2
monohydrates
Magnesium 7
stearate
Maize starch 3
Starch 1500
PVP-K-30
Pseudoephedrine 500,000 Triprolidine HCI 2.5mg 7.5 mg 3 LD;, 840 mg/kg
tablets tablets oral rat
Pseudoephedrine 60 mg 180 mg 2 LD;, 202 mg/kg
HCI IP mouse
Lactose 2
monohydrates
Maize starch 3
PVP-K-30
Magnesium 7
stearate
Simvastatin 20 mg 500,000 Simvastatin sodium 20 mg 40 mg 7 LDy, 4438 mg/kg
tablets tablets oral rat; LDy,
(100 kg) 3.0g/kg
oral mouse
Lactose 2
monohydrates
Starch 1500 5
Avicel PH-102
Ascorbic acid
Aerosil 200 7
Magnesium 7
stearate
Tamoxifen 10 mg 500,000 Tamoxifen citrate 10 mg 20 mg 5 LDy, 1190 g/kg
tablets tablets oral rat
(87.5kg)
Lactose 2
monohydrates
Maize starch 3
Magnesium

stearate
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Maximum
Therapeutic Usage per

Product Batch Size Ingredients Dose Day Solubility Toxicity Level LD,
PVP-K-30 2
AC-DI-Sol 7
Atenolol 100 mg 250,000 Atenolol 50 mg 100 mg 4 LDy, 2000.0 mg/kg
F/C tablets tablets Maize starch 3 oral mouse/rat
(100 kg)
Magnesium 7
carbonate
Sodium lauryl 2
sulfate
Avicel PH-102 7
Magnesium stearate 7
Primogel 6
Thiamine 100 mg 375,000 Thiamine HCI 100 mg 100 mg 4 LD;,>10,000 mg/kg
tablets tablets oral rat
(78.75 kg)
Lactose 2
monohydrates
Kollidone CL 7
PVP-K-90 2
Magnesium 7
stearate
Avicel PH-112 7
Trimethoprim DS 750,000 Sulfamethoxazole 400 mg 3 g/day 2
tablets tablets
(825 kg)
Trimethoprim 80 mg 6 LDs, >5300 mg/kg
oral rat; LDs,
2764 mg/kg
oral mouse
Maize starch 3
Magnesium 7
stearate
Gelatin 7
Guar gum
Sodium lauryl 2
sulfate
Norfloxacin 200,000 Norfloxacin 400 mg 800 mg 5 LDy, >4000 mg/kg
400mg F/C tablets oral rat
tablets (104 kg)
Avicel PH-102 7
AC-DI-Sol 7
Magnesium 7
stearate
Valproate 500 mg 200,000 Sodium valproate LDy, 870 mg/kg
E/C tablets tablets oral rat
(200 kg)
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Maximum
Therapeutic Usage per
Product Batch Size Ingredients Dose Day  Solubility Toxicity Level LDy,
Magnesium stearate 7
Avicel PH-112 7
Maize starch 3
AC-DI-Sol 7
Aerosil 200 7
B-complex tablets 7,500,000 Calcium 3mg 150 mg 2 LDs, 10 g/kg oral
tablets pantothenate rat
(682.8 kg)
Pyridoxine 2mg 60 mg 2 LDy, 5500 mg/kg
oral mouse
Riboflavin base 2mg 60 mg 2 LDs,>40,000 mg/kg
oral mouse
Magnesium stearate 7
Aerosil 200 7
Thiamine 2mg 120 mg 2 LDs, >10,000 mg/kg
mononitrate oral rat
Vitamin C 500 mg 300,000 Ascorbic acid 170 mg 340 mg 2 LDs, 1190 mg/kg
tablets tablets oral rat
(390 kg)
Sodium ascorbate 776 mg 2
Magnesium 7
stearate
Sorbitol 4
Dextrates 2
I
17.2 Product Grouping Matrix (Capsules)
Maximum
Therapeutic Usage per Toxicity Level
Product Batch Size Ingredients Dose (mg) Day Solubility LD;,
Indomethacin 500,000 Indomethacin 25 200 mg 1 LDs, 2.42 mg/kg
25 mg tablets capsules oral rat
(125 kg)
AC-DI-Sol 7
Lactose 2
monohydrates
Magnesium stearate 7
Aerosil 200 7

Sodium lauryl sulfate 2
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Maximum
Therapeutic Usage per Toxicity Level
Product Batch Size Ingredients Dose (mg) Day Solubility LD;,
Tetracycline 750,000 Tetracycline HC1 250 4g 3 LD;, 6443 mg/kg
HCl1250 mg capsules oral rat
(243.75 kg)
Lactose 2
monohydrates
Aerosil 200 7
Magnesium stearate 7
Oxytetracycline 750,000 Oxytetracycline HC1 250 2 g/day 2 LD,, 4700 mg/kg
HC1250 mg capsules oral rat
(234 kg)
Maize starch 3
Aerosil 200 7
Talc fine 7
Magnesium stearate 7
Doxycycline 150,000 Doxycycline hyclate 100 200 mg 3 LDs, 1900.0 g/kg
100 mg capsules oral mouse
(23.25 kg)
Avicel PH-102 7
Maize starch 3
Sodium lauryl sulfate 2
Magnesium stearate 7
Aerosil 200 7
Carbinoxamine 50,000 Carbinoxamine 10 10 mg 2 LD;, 162 mg/kg
capsules maleate oral mouse
Phynyle propano-
lamine HCI
Fluoxetine 500,000 Fluoxetine HCI 20 20 mg 5 LDy, 452 mg/kg
20 mg capsule  capsules oral rat
(77.5kg)
Maize starch 3
Aerosil 200 7
Simethicone 7
Azithromycin 100,000 Azithromycin 250 500 mg 5 LD, >3.0 g/kg
250 mg capsules oral rat
(52 kg)
Maize starch 3
Sodium lauryl sulfate 2

Anhydrous lactose 2




Cleaning Validation Manual

78
Your Company’s Logo Your Company’s Name
I

17.3 Product Grouping Matrix (Granules)

Maximum
Therapeutic Usage per Toxicity Level
Product Batch Size Ingredients Dose (mg) Day Solubility LD,
Azithromycin 4000 bottles  Azithromycin 200 mg 600 mg 5 LDs, >3.0 g/kg
200 mg dihydrate oral rat
powder to Caster sugar 3
prepare Sodium phosphate 2
suspension tribasic
(PPS) Sodium benzoate 2
Klucel 3
Erythromycin 935 kg Erythromycin 200 mg 1000 mg 7 LD;,>10.0 g/kg
200 mg/5 mL oral rat
Ethyl succinate
Sodium CMC 3
FD&C Red # 40 3
Sucrose 1
Sodium saccharin 2
Sodium citrate 2
Xanthan gum 3
Simethicone 7

In the preceding chapters, we have presented matrices for equipment details, solubility,
and toxicity of active materials as well as products grouping with the concentration and
daily maximum dosage of the actives in the table above. After having all these informa-
tion, it is important for the validation professional to build the equipment train for the
different dosage forms.

All the products are processed through an equipment train. For example, a tablet
product is processed through a granulator, a mill, a blender, and a tablet press. The
amount of contamination that may be present in the finished product is contributed
from each individual piece of equipment in this train. Together with the help of informa-
tion obtained in the previous chapters and equipment trains allocated, shown in the next
chapter, selection of worst case for cleaning validation will be carried out for each and
every category of products. The worst case related to product is the one containing most
insoluble active ingredient, with lowest lethal dose or with highest therapeutic dose.
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18.1 Products/Equipment Train (Tablets, Capsules, and PPS)

18.1.1 Wet Granulation Uncoated Tablets

Product

Equipments

Paracetamol 500 mg tablets
Salbutamol 4 mg tablets
Ketotifen tablets
Sulfamethoxazole DS tablets
Mini glibenclamide tablets
Pseudoephedrine tablets
Glibenclamide tablets
Gliclazide 80 mg tablets
Dimenhydrinate tablets
Antiflu tablets

Chlorohistol maleate tablets
Diazepam 5 mg tablets
Al-Mg hydroxide tablets
Betamethasone 0.5 mg tablets
Carbamazepine tablets
Gliclazide tablets
Indapamide tablets
Loratadine tablets

Enalapril tablets

Furosemide tablets

Al-Mg hydroxide plus tablets
Orphenadrine/acetamol tablets
Amiodarone tablets
Diphenhydramine II tablets
Bromocryptin tablets
Diphenoxylate tablets
Paracetamol (dol) tablets
Ambroxol 30 mg tablets

Granulator, fluid bed dryer, sifter, tumbler, tablet press A
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press A
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press A
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press A
Granulator, fluid bed dryer, sifter, tumbler, tablet press A/B
Granulator, fluid bed dryer, sifter, tumbler, tablet press A/B
Granulator, fluid bed dryer, sifter, tumbler, tablet press A/B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B/C
Granulator, fluid bed dryer, sifter, tumbler, tablet press B/C
Granulator, fluid bed dryer, sifter, tumbler, tablet press A/B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press C
Granulator, fluid bed dryer, sifter, tumbler, tablet press C
Granulator, fluid bed dryer, sifter, tumbler, tablet press C
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press A
Granulator, fluid bed dryer, sifter, tumbler, tablet press C

continued
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Product

Equipments

Tamoxifen tablets
Thiamine 100 tablets
Norfloxacin tablets

Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B
Granulator, fluid bed dryer, sifter, tumbler, tablet press B

18.1.2 Wet Granulation Coated Tablets

Product

Equipments

Bezafibrate 200 mg tablets
Ibuprofen 600 mg tablets
Cimetidine 200/400/800 mg
Erythromycin 500 mg tablets
Ciprofloxacin 250/500/750 mg tablets
Cetrizine tablets
Clarithromycin tablets
Metformin film-coated tablets
Lomefloxacin tablets
Acyclovir tablets

Attapulgite 150 mg tablets
Diclofenac 50 mg tablets
Bromhexine 8 mg tablets
Famotidine 200 mg tablets
Ciprofloxacin 500 tablets
Atenolol 100 mg tablets
Mebendazole tablets
Metronidazole tablets

Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press A, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press B, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press A, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press A, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press A, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press A, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press A, cota
Granulator, fluid bed dryer, sifter, tumbler, tablet press A, cota

18.1.3 Dry Granulation Uncoated Tablets

Product

Equipments

Prednisolone 20 mg tablets
Simethicone 42 mg tablets

Sifter, tumbler, tablet press A
Sifter, tumbler, tablet press A

Vitamin C 500 mg tablets Sifter, tumbler, tablet press A
Aspirin 80 mg tablets Sifter, tumbler, tablet press B
Metoclopramide 10 mg tablets Sifter, tumbler, tablet press A/B

Pyridoxine 40 mg tablets
Folicron 5 mg tablets
Propranolol 40 mg tablets
Captopril tablets
Ranitidine 300 mg tablets
Multivitamin tablets

Sifter, tumbler, tablet press A
Sifter, tumbler, tablet press A
Sifter, tumbler, tablet press A
Sifter, tumbler, tablet press A
Sifter, tumbler, tablet press A
Sifter, tumbler, tablet press A
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18.1.4 Dry Granulation Coated Tablets

Product Equipments

B-complex tablets
Ranitidine 300 mg tablets
Multivitamin M tablets

Sifter, tumbler, tablet press A, cota
Sifter, tumbler, tablet press A, cota
Sifter, tumbler, tablet press A, cota

18.1.5 Sugar-Coated Tablets

Product Equipments

Hyoscine S/C tableSts Granulator, fluid bed dryer, sifter, tumbler, tablet press B, sugar-coating pan

Bisacodyl 5 mg tablets Granulator, fluid bed dryer, sifter, tumbler, tablet press B, sugar-coating pan
Sennoside S/C tablets Granulator, fluid bed dryer, sifter, tumbler, tablet press A, sugar-coating pan
Ibuprofen 200 mg tablets Granulator, fluid bed dryer, sifter, tumbler, tablet press B, sugar-coating pan

In the above tables, products and the corresponding equipment train lists for tablets,
manufactured in the ABC Pharmaceutical Company, were identified. Based on these
matrices, the worst-case product for each piece of equipment will be chosen to conduct
cleaning validation.

As discussed above, for each piece of equipment, more than one product will be chosen
based on less solubility of excipients, high toxicity of APIs, and maximum therapeutic dose.

18.2 Product/Equipment Train (Capsules)

Product Equipments

Indomethacin 25 mg Sifter, encapsulator A

Tetracycline 250 mg Sifter, encapsulator A
Oxytetracycline 250 mg Sifter, encapsulator A
Doxycycline 100 mg Sifter, encapsulator A
Fluoxitin Sifter, encapsulator A
Azythromycin 250 mg Sifter, encapsulator A
Oseltamivir 75 mg Sifter, encapsulator A
Omeprazole 40 mg Sifter, encapsulator B
Carbinoxamine Sifter, encapsulator B
Erythromycin 250 mg Sifter, encapsulator B

Lansoprazole 30 mg
Theophylline 300 mg
Folic acid/iron

Sifter, encapsulator B
Sifter, encapsulator B

Granulator, sifter, encapsulator B
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18.3 Product/Equipment Train (Granules)

Product Equipments
Erythromycin 200 mg/mL Granulator, fluid bed dryer, sifter, powder filling machine
Oseltamivir 12 mg/mL Granulator, sifter, powder filling machine

Azythromycin 200 mg/5 mL Granulator, sifter, powder filling machine
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In the previous chapter, we observed that equipment trains are used for manufacturing
solid dosage forms, based on the respective processes. The objective of this protocol is to
present an overview and the focus of discussion is to correlate the product’s ingredients
and the equipment train to select the worst-case product for each piece of equipment. It is
always better to categorize and subcategorize the products in terms of the difference in
processes to make the selection of worst-case products easy and simple: for example, prod-
ucts matrices based on coated or uncoated tablets or a matrix based on wet granulation or
dry granulation products. Even if the same equipment is being used, there is no harm in
selecting more than one worst-case product for one equipment train due to the difference
in processes as explained above. The worst-case products for tablets, capsules, and PPS are
presented in the following matrices.

19.1 Worst-Case Products (Tablets)

Products Justification for Worst Case

Ciprofloxacin 500 tablet  Six ingredients insoluble in water

Ciprofloxacin HCI (7)

Kolidone (7)

Primogel (7)

Aerocil 200 (7)

Magnesium stearate (7)

Avicel PH-102 (7)
Ketotifen 1.0 mg tablets ~ Therapeutic dose 1.0 mg
Diclofenac 50 mg tablet LD;, 150 mg/kg oral rat
B-complex tablets Largest batch size (682 kg)

83



84

Your Company’s Logo

19.1.1 For Coating Machines Only

Cleaning Validation Manual

Your Company’s Name

Products

Justification for Worst Case

Ciprofloxacin 500 tablet
Cetirizine 10 mg tablet
Diclofenac 50 mg tablet
B-complex tablets

Six ingredients insoluble in water
Less therapeutic dosage (10.0 mg)
Toxicity. LD5, 150 mg/kg oral rat
Largest batch size (682 kg)

19.1.2 Sugar-Coated Products (for Conventional Coating Pans)

Products

Justification for Worst Case

Sennoside 12 mg tablets

Bisacodyl 5 mg tablets
Ibuprofen 200 mg
Ibuprofen 200 mg

Three ingredients insoluble in water
Avicel (7)

Magnesium stearate (7)

Aerocil 200 (7)

Minimum therapeutic dose (5 mg)
Largest batch size (495 kg)

Toxicity. LDs, 636 mg/kg oral rat

After having done the selection of worst-case products for tablets based on product
grouping and equipment train matrices, the same exercise will be carried out for all other
products from various dosage forms, as shown in the following tables.

19.2 Worst-Case Products (Capsules)

19.2.1 For Encapsulator A

Products

Justification for Worst Case

Oxytetracycline

Doxycycline 100 mg capsule
Indomethacin 25 mg capsule

Three ingredients insoluble in water
Aerocil 200 (7)

Magnesium stearate (7)

Talc fine (7)

Maximum potency (100 mg)
Largest batch size (1,000,000)
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19.2.2 For Encapsulator B

Products Justification for Worst Case

Lansoprazole 30 mg capsule Maximum potency (30 mg)
Erythromycin 250 mg capsule  Insoluble in water (7)
Folic acid/iron capsule Largest batch size (1,000,000)

19.3 Worst-Case Products (Granules)

Products Justification for Worst Case

Erythromycin 200 mg/5mL  Two ingredients insoluble in water
Erythromycin (7)
Simethicone (7)

Azithromycin 200 mg Second largest batch size (200.8 kg)
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In the tables given in the previous chapter, products and the corresponding equipment
train lists for tablets, capsules, granules, suspensions, syrup, injectables and suppositories
products, manufactured in ABC Pharmaceutical Company, were presented. Based on
those matrices, the worst-case product for each piece of equipment was also chosen to
conduct cleaning validation.

Basically, the Master Validation Plan is completed at this stage. The only thing remaining
is to attach the schedule of all the validation activities to be carried out in the company. The
validation professionals are to establish the schedule, maintain and update it on need basis.

Once all these prerequisites are identified, it is time to set about validating the proce-
dures. The most significant document related with this event is the Validation protocol.
Based on the information collected in the Master Validation Plan in the preceding chapters,
and as per the worst-case products selected for each dosage form, we are presenting some
generic protocols for the most commonly used equipments in the manufacturing areas.

The content of each protocol should be comprised of, as a minimum, scope, objective,
responsibilities, cleaning procedure of the corresponding equipment, sampling plan,
analytical methodology and acceptance criteria.

20.1 Protocols for Tablets Manufacturing Equipment

The worst-case products for tablets as identified in the Chapter 9, are as follows:

Products Justification for Worst Case
Ciprofloxacin 500 mg Six Ingredients non-soluble in water
tablets Ciprofloxacin HCI (7)
Kolidone (7)
Primogel (7)
Aerocil 200 (7)

Magnesium stearate (7)
Avicel PH-102 (7)

Ketotifen 1.0 mg tablets Therapeutic dose 1.0 mg
Diclofenac 50 mg tablets LD50 150 mg/kg oral rat
Sulphamethoxazole tablets Largest batch size (682 kg)

The cleaning procedures for all the equipments used in the manufacturing of the four
products given in the above table, will be validated as per this Master Validation Plan.
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ABC Pharmaceutical Company

CLEANING VALIDATION PROTOCOL

Equipment Name

Issued on

Date

Protocol Number

CLVS 000

Location

Granulation Area

Room No.000

Equipment

Name of the Equipment

Model

XYZ

Manufacturer

Company Name and Country

Written by
Validation Officer

Reviewed by
QA Manager

QC Manager

Production Manager (Tablets)

Approved by

Production Director

Authorized by
QA Director

Signature & Date

Signature & Date

Signature & Date

Signature & Date

Signature & Date

Signature & Date
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20.1.1 Objective

The objective is to demonstrate that the cleaning procedure ABC-001 will successfully and
consistently reduce the level of residues to a predetermined level of acceptability, so as to
prevent contaminants (products or cleaning process related) from adversely affecting the
safety and quality of the next product manufactured.

20.1.2 Scope

This protocol will cover cleaning validation of the fluid bed dryer used for the wet granu-
lation of tablet products.
As per the MVP grouping matrix, products are divided into various groups based on their

a. Water solubility

b. Therapeutic dosage
c. Toxicity

d. Batch size (in kg)

From each group, one worst-case product is considered for cleaning validation.
Table 20.1.1 lists the worst-case products for the fluid bed dryer (Figure 20.1.1).

20.1.3 Responsibility

The following personnel are responsible for the execution of this protocol:

Validation officer/QA officer/production officer/QA inspector/QC chemist/machine
operator.

For details, please refer to Attachment I

TABLE 20.1.1

Worst Case for Fluid Bed Dryer

Products Reason for Selecting as Worst Case
Ciprofloxacin 500 mg tablets Six ingredients are insoluble in water
Ketotifen 1.0 mg tablets 1.0 mg minimum therapeutic dose
Diclofenac 50 mg tablets LD;,150 mg/kg oral rat

Sulfamethoxazole tablets Largest batch size (682 kg)
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FIGURE 20.1.1
Fluid bed dryer.

20.1.4 Description of the Cleaning Process
The fluid bed dryer is to be cleaned as per SOP No. ABC-001.

41 Fix “UNDER CLEANING” label
4.2 Wrap the electrical panel with a polythene sheet
4.3 Remove the bowl and dismantle the filter set

44 Soak the filter set in a 200-L drum filled with water overnight and then send it
to laundry for washing and drying

4.5 Flush the bowl from both sides with water for 5 min

4.6 Clean the bowl with a nylon brush dipped in liquid soap
4.7 Flush the bowl with water for 3 min

4.8 Spray the bowl with 70% alcohol

49 Flush the fluid bed dryer from outside and inside and the filter basket and
rinse with water for 5 min

410 Fix the filter set
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4.11 Operate the fluid bed dryer as described in SOP No. ABC-002 for 1 h at 60°C to
dry the filter set. Check the sleeves of the filter set for integrity

4.12 Clean the electrical panel and ducts with a wet towel
4.13 Remove accumulated water from the floor
414 Label the machine “CLEAN” as per site SOP

4.15 Make entries in the equipment cleaning, maintenance, and utilization logbook
asper site SOP.

20.1.4.1 Difficult-to-Clean Parts

i. Filter set
ii. Inside bottom corner of the bowl

iii. Filter basket and ring

20.1.5 Description of the Sampling Process
20.1.5.1 Sampling Technique

The surface swab sampling technique will be used to take samples from the fluid bed
dryer.

20.1.5.2 Sampling Precautions

Before taking the sample, wear

i. Gloves
ii. Face mask

Surface swabs (swabs with diluents including a suitable neutralizing agent)

20.1.5.3 Procedure for Sampling
20.1.5.3.1 Surface Swabs

Samples for the internal surfaces will be taken by moistening the swab (ready-made
sterile cotton swab) with a suitable solvent (DIW). Sample a 25-cm? area (refer to Figures
20.1.2 through 20.1.7) and place the swab in a test tube containing 10 mL of a suitable
solvent. Swab samples from each part of the fluid bed dryer will be collected as per
Table 20.1.2.
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TABLE 20.1.2

Surface Swabs Sampling Description

Description Sample Location Sample ID Reference
Fluid bed dryer Bowl bottom left edge S1 Figure 20.1.2
Bowl bottom center edge 52
Bowl wall grove S3
Bowl wall center S4
Bowl bottom edge right S5
Bowl wall right S6
Bowl outer surface edge left S7 Figure 20.1.3

Bowl outer surface edge right S8
Filter bottom surface left S9 Figure 20.1.4
Filter bottom surface center S10
Filter bottom surface right S11

Fluid bed dryer  Dryer inside surface left S12 Figure 20.1.5
Dryer inside surface right S13
Filter bags position 1 S14 Figure 20.1.6
Filter bags position 2 515
Filter bags position 3 S16
Dryer bottom surface left S17 Figure 20.1.7
Dryer bottom surface center S18
Dryer bottom surface right S19

(] [(=1[] [#] [%]

FIGURE 20.1.2
Bowl.
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FIGURE 20.1.3
Bowl.

FIGURE 20.1.4
Bottom of the filter bags.
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FIGURE 20.1.5
Inside wall.

FIGURE 20.1.6
Outer surface of filter bags.
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FIGURE 20.1.7
Inside surface of the lower part of fluid bed dryer.

20.1.5.4 Handling of Samples
i. The swabs samples collected for maximum allowable carryover (MAC) will be
kept in the refrigerator.
ii. Analysis of swab samples on HPLC will be completed within 24 h after collection.

iii. HPLC samples should be kept at room temperature for at least 2 h before testing
starts.

20.1.6 Test Functions
a. Visual inspection: Visual inspection of the fluid bed dryer will be performed as per
SOP No. ABC-003.

b. Maximum allowable carryover: The test for MAC limits of the swab will be per-
formed as per the HPLC method suitable for each product residue.
Notes:
e By pooling the 10 mL swab extraction for specific analysis, analysis will be
carried out.

e The validated HPLC test method will be used for the determination of chemical
residues. Standard test method (STM) Nos are as follows:
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c. Bio-burden test: The test for bio-burden will be performed as per STM No. MC-0001
by the QC Microbiology section.

d. Swab recovery challenge test: The swab recovery challenge test will be performed
as per Parenteral Drug Association (PDA) Journal of Pharmaceutical Science and
Technology.

e. Detergent detection: The test for detergent detection will be performed as per
procedure ABC-004.

20.1.7 Verification of Documents

i. Verify the fluid bed dryer cleaning procedure.
ii. Verify the fluid bed dryer cleaning logbook records.
iii. Verify the cleaning operators and analyst training record (refer to Attachment V).

20.1.8 Documentation

i. All analysis results will be recorded in the analysis logbook.

ii. Printouts and chromatograms will be attached to the validation report and a copy
of each will also be attached to the analytical logbook.

iii. All analysis and data have to be verified by a second analyst.
iv. The cleaning validation officer will check all training records.
v. The final report for cleaning validation will be prepared by the QA officer.

20.1.9 Acceptance Criteria

a. Visual inspection: The visible internal equipment surfaces and all critical and
difficult-to-clean parts are optically free from residue and the color of the final
rinse water is comparable to DIW.

b. Maximum allowable carryover: The active ingredient calculated (Z) is either equal to
or less than the MAC.

Z <MAC

_ TD x BS x SF
MAC = ~—1DDb
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where MAC is the maximum allowable carryover, TD is a single therapeutic dose,
BS is the batch size of the next product to be manufactured in the same equipment,
SF* is the safety factor (0.001), and LDD is the largest daily dose of the next product
to be manufactured in the same equipment.

The calculated value will be the maximum amount of active ingredient of worst
product that is allowed to be carried over to the next batch.

Calculation:

Y = X x surface area,

where Y is the active ingredient on the corresponding equipment part, X is the
active ingredient recovered from 25 cm? by swab from the corresponding equip-
ment part, and surface area is the area of the corresponding equipment parts A-S

Z=Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8+Y9+ Y10+ Y11
+Y12+ Y13+ Y14+ Y15+ Y16 + Y17 + Y18 + Y19,

where Z is the total active ingredient recovered from the machine, Y1 is the active
ingredient recovered from part A, Y2 is the active ingredient recovered from part
B, Y3 is the active ingredient recovered from part C, Y4 is the active ingredient
recovered from part D, Y5 is the active ingredient recovered from part E, Y6 is the
active ingredient recovered from part F, Y7 is the active ingredient recovered from
part G, Y8 is the active ingredient recovered from part H, Y9 is the active ingredi-
ent recovered from part I, Y10 is the active ingredient recovered from part J, Y11 is
the active ingredient recovered from part K, Y12 is the active ingredient recovered
from part L, Y13 is the active ingredient recovered from part M, Y14 is the active
ingredient recovered from part N, Y15 is the active ingredient recovered from part
O, Y16 is the active ingredient recovered from part P, Y17 is the active ingredient
recovered from part Q, Y18 is the active ingredient recovered from part R, and Y19
is the active ingredient recovered from part S.
Acceptance criteria:

Z <MAC.

c. Bio-burden: The bio-Burden should not be more than 33 cfu/25 cm? for the swabs.

d. Swab recovery challenge test: The swab recovery challenge test should be NLT 70%
of the known concentration of standard spiked.

e. Detergent detection: No foam was detected on the top of the sample after testing.

* 1/100 to 1/1000 of a normal daily dose for oral products (PDA Guideline).
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20.1.10 List of Attachments

Attachment I Description of equipment and product
Attachment IT Cleaning/testing responsibilities
Attachment III Sampling and testing plan
Attachment IV Calculations for surface swabs
Attachment V Training record verification
Attachment VI Swabs analysis results

Attachment VII Swab sampling recovery challenge test results



100 Cleaning Validation Manual

Your Company’s Logo Your Company’s Name

Attachment |

Description of Equipment and Product

Equipment Name:

Serial No.: Worst-Case Products

[0 Ciprofloxacin tablet 500 mg
Capacity: .

[ Ketotifen tablet 1.0 mg
Calibrated on: [J Diclofenac 50 mg tablets
Validated on: [ Sulfamethoxazole tablets
Location:
Room No.:

Previous Product:

B. No. of the Product:

Next Product to Be Manufactured in the Same Equipment:

Manufacturing Date:

Active Ingredient:

Therapeutic Group:

Cleaning Date:

Cleaning SOP No. Revision No.

Sampling Technique: Test Method Reference:
Cleaning Sample Analysis Date/Time: Result:

Limit of Detection: Reference Analytical Logbook:

Safety Factor:
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Attachment I1

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[ Ketotifen tablet 1.0 mg
[ Diclofenac 50 mg tablets

[] Sulfamethoxazole tablets

Cleaning/Testing Responsibilities

Cleaning/Testing Done By Recorded On Checked By
Equipment cleaning ~ Machine operator Equipment usage/  Production supervisor
cleaning logbook

Visual inspection Validation officer Analytical logbook —

Swab sample Machine operator/ Sampling sheet Validation officer
validation officer

Detergent Validation officer/QC  Analytical logbook QA /QC officer

determination analyst

MAC Validation officer/QC Analytical logbook  QC officer
analyst

Bio-burden Microbiologist Analytical logbook  QC assistant manager,

microbiology
Swab recovery Analyst Analytical logbook  Senior analyst

challenge test
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Attachment I11

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[ Ketotifen tablet 1.0 mg
[ Diclofenac 50 mg tablets

[] Sulfamethoxazole tablets

Sampling and Testing Plan

Less Than
Sample | Surface or Equal | Bio-Burden

S. Visual Detergent | Identification | Area Area to Limit of NMT Testing
No. | Inspection | Detection Labeling (cm?) (cm?) | MAC | Detection | 33 cfu/swab Method
1. S1 25 3333 STM-MC-001
2. S2 25 3333

3. S3 25 3360

4. S4 25 3360

5. S5 25 3333

6. S6 25 3360

7. S7 25 5040

8. S8 25 5040

9. S9 25 15,833

10. 510 25 15,833

11. S11 25 15,833

12. 512 25 5000

13. S13 25 5000

14. S14 25 15,833

15. 515 25 15,833

16. S16 25 15,833

17. 517 25 3333

18. 518 25 3333

19. 519 25 3333
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Attachment IV

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[ Ketotifen tablet 1.0 mg
[ Diclofenac 50 mg tablets

[] Sulfamethoxazole tablets

Calculation for Surface Swabs

_ TD x BS x SF
MAC = ~—1DD

Calculation:
Y = X x surface area,

where Y is the active ingredient on the corresponding equipment part, X is the active
ingredient recovered from 25 cm? by swab from the corresponding equipment part, and
surface area is the area of the corresponding equipment parts A-S.

Z=Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8+Y9+ Y10+ Y11
+Y12+ Y13+ Y14+ Y15+ Y16 + Y17 + Y18 + Y19,

where Z is the total active ingredient recovered from machine, Y1 is the active ingredient
recovered from part S1, Y2 is the active ingredient recovered from part S2, Y3 is the active
ingredient recovered from part S3, Y4 is the active ingredient recovered from part 54, Y5 is
the active ingredient recovered from part S11, Y6 is the active ingredient recovered from
part S12, Y7 is the active ingredient recovered from part S13, Y8 is the active ingredient
recovered from part S14, Y9 is the active ingredient recovered from part S5, Y10 is the
active ingredient recovered from part S15, Y11 is the active ingredient recovered from part
S6, Y12 is the active ingredient recovered from part S7, Y13 is the active ingredient recov-
ered from part S8, Y14 is the active ingredient recovered from part S9, Y15 is the active
ingredient recovered from part S10, Y16 is the active ingredient recovered from part S16,
Y17 is the active ingredient recovered from part S17, Y18 is the active ingredient recovered
from part S18, and Y19 is the active ingredient recovered from part S19.
Acceptance criteria:

Z <MAC.
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[0 Ciprofloxacin tablet 500 mg
[ Ketotifen tablet 1.0 mg
[ Diclofenac 50 mg tablets

[] Sulfamethoxazole tablets

Worst-Case Products

Training Record Verification (Production Staff)

The following staff found trained on cleaning of the equipment.

Using SOP No. ABC-006; Revision No; Issued on; Date

Name: ID No. Sign. Date
Name: ID No. Sign. Date
I

Training Record Verification (Analyst)

The following analyst trained on STM No.

Name: ID No. Sign. Date
Performed by: Checked by:

Date: Date:
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Attachment VI

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[ Ketotifen tablet 1.0 mg
[ Diclofenac 50 mg tablets

[] Sulfamethoxazole tablets

Swab Analysis Results

Sampling
Location

Visual
Inspection

Detergent
Detection

Bio-Burden
Test NMT
33 cfu/swab

Carryover
Carryover 25 cm? X Surface Area
HPLC Result per Total Carryover
25 cm? (X) Y=Xx(A-S)

S1

S2

S3

54

S5

S6

S7

S8

S9

510

S11

512

S13

S14

515

S16

517

518

519
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Swab Sampling Recovery (Challenge) Test

Name of
Active
Material

Concentration
of Standard
Solution

Type of
Swab

Total Area
of Swab

% Recovery
of Active
Ingredient

% Recovery as per
Limit NLT (70%)

Y

N
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Equipment Name

Issued on

Date

Protocol Number

CLVS 000

Location

Granulation Area

Room No.000

Equipment
Model

Manufacturer

Written by
Validation Officer

Reviewed by
QA Manager

QC Manager

Production Manager

Approved by

Production Director

Authorized by
QA Director

Equipment Name
Model/Number

Name and Country

Signature & Date

Signature & Date

Signature & Date

Signature & Date

Signature & Date

Signature & Date
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I

20.2.1 Objective

The objective is to demonstrate that the cleaning procedure No. ABC-001 will successfully
and consistently reduce the level of residues to a predetermined level of acceptability, so as
to prevent contamination (product or cleaning process related) from adversely affecting
the safety and quality of the next product manufactured.

20.2.2 Scope

This protocol will cover cleaning of the mixer for tablet products.
As per CVMP grouping matrix, products are divided into various groups based on their

a. Water solubility

b. Therapeutic dosage
c. Toxicity

d. Batch size (in kg)

From each group one worst-case product is considered for cleaning validation (Table
20.2.1) of the Mixer (Figure 20.2.1).

20.2.3 Responsibility

The following personnel are responsible for the execution of this protocol:
Validation officer/production officer/QA inspector/QC chemist/machine operator.

For details, please refer to Attachment II.

TABLE 20.2.1

Worst Case for the Mixer

Products Reason for Selecting as Worst Case
Ciprofloxacin 500 mg tablets Six ingredients are insoluble in water
Ketotifen 1.0 mg tablets Minimum therapeutic dose (1.0 mg)
Diclofenac 50 mg tablets LD5,150 mg/kg oral rat

Sulfamethoxazole 20 mg tablets Largest batch size (1000 kg)
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FIGURE 20.2.1
Mixer with stand.

20.2.4 Description of the Cleaning Process
The mixer is to be cleaned manually as per SOP No. ABC-001.

4.1 Label the equipment “UNDER CLEANING” as per SOP No. ABC-002
4.2 Disconnect the power supply by removing the plug out from the socket

4.3 Clean the impeller, shaft motor, and stand using soft sponge soaked in 1% deter-
gent solution

4.4 Flush the shaft, impeller, and stand with 10 L of water using a 1 L jug

4.5 Wipe up the motor and stand with a cotton cloth soaked in 70% alcohol

4.6 After sanitation, cover the stirrer rod with a clean polybag up to half-length
4.7 Label the mixer “CLEAN"

20.2.4.1 Difficult-to-Clean Parts

i. Impeller
ii. Shaft

I
20.2.5 Description of the Sampling Process
20.2.5.1 Sampling Technique

The surface swab sampling technique will be used to take the sample from the mixer.
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FIGURE 20.2.2
Mixer.

20.2.5.2 Sampling Precautions

Before taking the samples, wear

i. Gloves
ii. Face mask

20.2.5.3 Procedure for Sampling

Samples for the internal surfaces will be taken by moistening the swab (ready-made sterile
cotton swab) with a suitable solvent (DIW/alcohol-water—alcohol). Sample a 25-cm? area
(see Figure 20.2.2) and place the swab in a test tube containing 10 mL of solvent (suitable
solvent). The swab sample from each part of the mixer will be collected as per Table 20.2.2.

TABLE 20.2.2
Surface Swabs Sampling Description
Description Sample Location Sample ID Reference
Mixer Impeller 1 S1 Figure 20.2.2
Impeller 2 S2
Impeller 3 S3
Shaft bottom S4

Shaft top S5
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20.2.5.4 Handling of Samples

i. After collecting swab samples for MAC, they are kept in the refrigerator.

ii. Swab samples for the HPLC analysis were collected at the time of manufacturing;
analysis should be completed within 24 h after collection.

iii. HPLC samples should be kept at room temperature for at least 2 h before
testing.

20.2.6 Test Functions

a. Visual inspection: Inspection of the mixer will be performed visually at the end of
the cleaning procedure.

b. Maximum allowable carryover: The test for MAC of the final rinse/swab will be
performed as per the HPLC method suitable for each product residue.
Notes:
¢ By pooling the 10 mL swab extraction for specific analysis, analysis will be
carried out.

¢ The validated HPLC test method will be used for the determination of chemical
residues.
c. Bio-burden test: The test for bio-burden will be performed as per STM No. MC-0001,
by QC Microbiology section.
d. Swab recovery challenge test: The recovery challenge test of the swab sample will be
performed as per PDA Journal of Pharmaceutical Science and Technology.

e. Detergent detection: The test for the detergent detection will be performed as per the
procedure No. ABC-003.

20.2.7 Verification of Documents

i. Verify the mixer cleaning procedure
ii. Verify the mixer cleaning logbook records
iii. Verify the cleaning operators and the analyst training record (refer to Attachment V)

20.2.8 Documentation

i. All analysis results will be recorded in the analysis logbook.

ii. Printouts and chromatograms will be attached to the validation report and a copy
of that is also attached to the analytical logbook.
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iii. A second analyst will verify all analyses and data.
iv. A quality assurance officer will check all training records.
v. The final report for cleaning validation will be prepared by the QA officer.

20.2.9 Acceptance Criteria

a. Visual inspection: The visible internal equipment surfaces and all critical and diffi-
cult-to-clean parts are optically free from residue and the color of the final rinse
water is comparable to DIW.

b. Maximum allowable carryover: The active ingredient calculated (Z) is either equal to
or less than the MAC.

Z <MAC

_ TD xBS xSF
MAC = DD .

where MAC is the maximum allowable carryover, TD is the a single therapeutic
dose, BS is the batch size of the next product to be manufactured in the same
equipment, SF* is the safety factor (0.001), and LDD is the largest daily dose of the
next product to be manufactured in the same equipment.

The calculated value will be the maximum amount of active ingredient of worst-
case product that is allowed to be carried over to the next batch.
Calculation:

Y = X x surface area,

where Y is the active ingredient on the corresponding equipment part, X is the
active ingredient recovered from 25 cm? by swab from the corresponding equip-
ment part, and surface Area is the area of the corresponding equipment parts
A-E.

Z=Y1+Y24+Y3+Y4+Y5

where Z is the total active ingredient recovered from the machine, Y1 is the
active ingredient recovered from part S1, Y2 is the active ingredient recovered
from part S2, Y3 is the active ingredient recovered from part S3, Y4 is the active
ingredient recovered from part 54, and Y5 is the active ingredient recovered
from part S5.

* 1/100 to 1/1000 of a normal daily dose for oral products (PDA Guideline).
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Acceptance criteria:

Z <MAC.

c. Bio-burden: The bio-burden should not be more than 33 cfu/25 cm? for the
swabs.

d. Swab recovery challenge test: The swab recovery challenge test should be NLT 70%
of the known concentration of standard spiked.

e. Detergent detection: No foam was detected on top of the rinse sample after
testing.

20.2.10 List of Attachments

Attachment I Description of equipment and product
Attachment II Cleaning/testing responsibilities
Attachment III Sampling and testing plan
Attachment IV Calculations for surface swabs
Attachment V Training record verification
Attachment VI Swabs analysis results

Attachment VII Swab sampling recovery challenge test results
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Attachment |

Description of Equipment and Product

Equipment Name:

Worst-Case Products

Serial No.:

[J Ciprofloxacin 500 mg tablets
Capacity: .

[ Ketotifen 1.0 mg tablets
Room No.: [ Diclofenac 50 mg tablets

Product Name: [] Sulfamethoxazole D/S tablets

Batch No. of the Product:

Next Product to Be Manufactured in the Same Equipment:

Manufacturing Date:

Active Ingredient:

Therapeutic Group:

Cleaning Date:

Cleaning SOP No.: Revision No.:
Sampling Technique:

Cleaning Sample Analysis Date/Time: Result:
Test Method Reference: __ Reference Analytical Logbook:

Limit of Detection:

Safety Factor:
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Worst-Case Products
[J Ciprofloxacin 500 mg tablets
[ Ketotifen 1.0 mg tablets
[ Diclofenac 50 mg tablets
[ Sulfamethoxazole D/S tablets

Cleaning/Testing Responsibilities

Cleaning/Testing Done by Recorded on Checked by
Equipment cleaning Machine operator Equipment usage/ Production supervisor
cleaning logbook

Visual inspection Validation officer Analytical logbook —
Swab sample Machine operator/validation Sampling sheet —

officer
Detergent Validation officer/QC analyst Analytical logbook QA /QC officer
MAC Validation officer/QC analyst Analytical logbook Validation officer
Bio-burden Microbiologist Analytical logbook Manager QC, microbiology
Swab recovery QC analyst Analytical logbook Senior analyst

challenge test




116 Cleaning Validation Manual

Your Company’s Logo Your Company’s Name

Attachment I11

Worst-Case Products
[J Ciprofloxacin 500 mg tablets
[ Ketotifen 1.0 mg tablets
[ Diclofenac 50 mg tablets
[ Sulfamethoxazole D/S tablets

Sampling and Testing Plan

Less than
or Equal to | Bio-Burden
S. Visual Detergent | Identification Sample Surface Limit of | NMT33cfu/ | Testing
No. | Inspection | Detection Labeling Area (cm?) | Area (cm?) | MAC | Detection 2.5 cm? Method
S1 25 1000 STM-MC-
0001
S2 25 1000
S3 25 1000
S4 25 1000
S5 25 1000
Performed by: Checked by:

Date: Date:
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Attachment IV

Worst-Case Products
[J Ciprofloxacin 500 mg tablets
[ Ketotifen 1.0 mg tablets
[ Diclofenac 50 mg tablets
[ Sulfamethoxazole D/S tablets

Calculation for Surface Swabs

_ TD x BS x SE
MAC = ~—1DD

Calculation:
Y = X x surface area,

where Y is the active ingredient on the corresponding equipment part, X is the active
ingredient recovered from a 25 cm? by swab from the corresponding equipment part, and
surface area is the area of the corresponding equipment parts A-E.

Z=Y1+Y2+Y3+Y4+Y5,

where Z is the total active ingredient recovered from the machine, Y1 is the active ingredi-
ent recovered from part S1, Y2 is the active ingredient recovered from part S2, Y3 is the
active ingredient recovered from part S3, Y4 is the active ingredient recovered from part
54, and Y5 is the active ingredient recovered from part S5.

Acceptance criteria:

Z <MAC.
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[J Ciprofloxacin 500 mg tablets
[ Ketotifen 1.0 mg tablets

[ Diclofenac 50 mg tablets

[ Sulfamethoxazole D/S tablets

Worst-Case Products

Training Record Verification (Production Staff)

The following staff found trained on cleaning of the equipment.

Using SOP No. ABC-006; Revision No; Issued on; Date

Name: ID No. Sign. Date
Name: ID No. Sign. Date
I

Training Record Verification (Analyst)

The following analyst trained on STM No.

Name: ID No. Sign. Date
Performed by: Checked by:

Date: Date:
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Attachment VI

Worst-Case Products
[J Ciprofloxacin 500 mg tablets
[ Ketotifen 1.0 mg tablets
[ Diclofenac 50 mg tablets
[ Sulfamethoxazole D/S tablets

Swab Analysis Results

Carryover
Bio-Burden Carryover 25 cm? X Surface Area

Sampling Visual Detergent Test NMT HPLC Result Total Carryover
Location Inspection Detection 33 cfu/25 cm? per 25 cm? (X) Y=Xx(A-E)

S1

S2

S3

S4

S5




120

Your Company’s Logo

Attachment VII

Cleaning Validation Manual

Your Company’s Name

Swab Sampling Recovery (Challenge) Test

Name of
Active
Material

Concentration
of Standard
Solution

Type of
Swab

Total Area
of Swab

% Recovery
of Active
Ingredient

% Recovery as per
Limit NLT (70%)

Y

N
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20.3.1 Objective

The objective is to demonstrate that the cleaning procedure No. ABC-001 will successfully
and consistently reduce the level of residues to a predetermined level of acceptability, so as
to prevent contamination (product or cleaning process related) from adversely affecting
the safety and quality of the next product manufactured.

20.3.2 Scope

This protocol will cover cleaning of the granulation machine used for the tablet products.
As per CVMP grouping matrix, products are divided into various groups based on their

a. Water solubility

b. Therapeutic dosage
c. Toxicity

d. Batch size (in kg)

From each group one worst-case product is considered for cleaning validation
(Table 20.3.1).

20.3.3 Responsibility

The following personnel are responsible for the execution of this protocol:

Validation officer/production officer/QA inspector/QC chemist/machine operator.

For details, please refer to Attachment II.

TABLE 20.3.1

Worst-Case Products for Granulation Machine

Products Reason for Selecting as Worst Case
Ciprofloxacin 500 mg tablets Six ingredients are in soluble in water
Ketotifen 1.0 mg tablets Minimum therapeutic dose (1.0 mg)
Diclofenac 50 mg tablets LD;, 150 mg/kg oral rat

Sulfamethoxazole D/S tablets Largest batch size (825 kg)
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20.3.4 Description of the Cleaning Process

The granulation machine will be cleaned manually as per SOP No. ABC-001.

41 Remove the “UNDER CLEANING” label

4.2 Dismantle the rotor of each machine

4.3 Take out the sieve from each machine

44 Take out the sieve holder bars, and deflectors

4.5 Dismantle the rigid screen-support

4.6 Clean the sieve as per SOP No. ABC-002

4.7 Flush the dismantle parts with water and clean each part with a sponge dipped
in liquid soap

4.8 Flush the dismantled parts with water for 2 min

49 Place a 200-L stainless steel drum under the machines

4.10 Flush the inside of the machines with water for 1 min

4.11 Clean the inside of the machines with a sponge dipped in liquid soap

4.12 Flush the inside of the machines with water for 2 min

4.13 Clean the outside of the machine with a wet clean towel

4.14 Spray the dismantle parts and the inside of the machines with 70% alcohol

415 Assemble the parts to the machine

4.16 Label the machine “CLEAN”"

4.17 Make entries in the equipment cleaning, maintenance, and production logbook
as per SOP

20.3.4.1 Difficult-to-Clean Parts
i. Sieve

ii. Sieve holder bars

20.3.5 Description of the Sampling Process
20.3.5.1 Sampling Technique

The surface swab sampling technique will be used to take samples from the granulation
machine.
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TABLE 20.3.2

Surface Swabs Sampling Description

Description Sample Location Sample ID Reference
Granulation machine Powder loading surface S1 Figure 20.3.1
Granulator surface 52
Outlet surface of bowl S3
Granulator surface left S4 Figure 20.3.2
Granulator surface center S5
Bowl outlet surface left S6 Figure 20.3.3
Bowl outlet surface center S7
Bowl outlet surface right S8
Sieve S9

20.3.5.2 Sampling Precautions

Before taking the sample, wear

i. Gloves

ii. Face mask

20.3.5.3 Procedure for Sampling

Samples for the internal surfaces will be taken by moistening the swab (ready-made sterile
cotton swab) with a suitable solvent (deionized water/alcohol-water—alcohol). Sample a
25-cm? area (see Figures 20.3.1 through 20.3.3) and place the swab in a test tube containing
10 mL of solvent (suitable solvent). Swab samples from each part of the granulation machine
will be collected as per Table 20.2.2.

20.3.5.4 Handling of Samples

i. After collecting swab samples for MAC, they are kept in the refrigerator.

ii. HPLC samples should be kept at room temperature for at least 2 h before testing
starts.

20.3.6 Test Functions

a. Visual inspection: Inspection of the granulation machine will be performed visu-
ally, after the cleaning procedure.
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FIGURE 20.3.1
Granulator type A.

FIGURE 20.3.2
Outer surface of the granulator.
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FIGURE 20.3.3
Opening of the granulator.

b. Maximum allowable carryover: The test for MAC of the final swab will be performed
as per the HPLC method suitable for each product residue.
Notes:
* By pooling the 10 mL swab extraction for specific analysis, analysis will be
carried out.
® The validated HPLC test method will be used for the determination of chemical
residues.
c. Bio-burden test: The test for bio-burden will be performed as per STM No. MC-0001,
by QC Microbiology section.
d. Swab recovery challenge test: The recovery challenge test will be performed of the
swab sample as per PDA Journal of Pharmaceutical Science and Technology.

e. Detergent detection: The test for the detergent detection will be performed as per
procedure No. ABC-003.

20.3.7 Verification of Documents
i. Verify the granulation machine cleaning procedure
ii. Verify the granulation machine cleaning logbook records
iii. Verify the cleaning operator and analyst training record (refer to Attachment V)
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20.3.8 Documentation

i. All analysis results will be recorded in the analysis logbook.

ii. Printouts and chromatograms will be attached to the validation report and a copy
of that is also attached to the analytical logbook.

iii. A second analyst will verify all analyses and data.
iv. A cleaning validation officer will check all training records.

v. The final report for cleaning validation will be prepared by the QA officer.

20.3.9 Acceptance Criteria

a. Visual inspection: The visible internal equipment surfaces and all critical and diffi-
cult-to-clean parts are optically free from residue and the color of the final rinse
water is comparable to DIW.

b. Maximum allowable carryover: The active ingredient calculated (Z) is either equal to
or less than the MAC. Based on the “worst-case” concept,

Z <MAC.

_ TD xBS xSF
MAC = LDD !

where MAC is the maximum allowable carryover, TD is a single therapeutic dose,
BS is the batch size of the next product to be manufactured in the same equipment,
SF* is the safety factor (0.001), and LDD is the largest daily dose of the next product
to be manufactured in the same equipment.

The calculated value will be the maximum amount of active ingredient of worst-
case product that is allowed to be carried over to the next batch.

Calculation:

Y = X x surface area,

where Y is the active ingredient on the corresponding equipment part, X is the
active ingredient recovered from 25 cm? by swab from the corresponding equip-
ment part, and surface area is the area of the corresponding equipment parts A to L

Z=Y1+Y2+Y3+Y4+Y5+Y6+Y7+ S8+ 59,

*1/100 to 1/1000 of a normal daily dose for oral products (PDA Guideline).
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where Z is the total active ingredient recovered from the machine, Y1 is the active
ingredient recovered from part S1, Y2 is the active ingredient recovered from part
S2, Y3 is the active ingredient recovered from part S3, Y4 is the active ingredient
recovered from part 54, Y5 is the active ingredient recovered from part S5, Y6 is the
active ingredient recovered from part S6, Y7 is the active ingredient recovered
from part S7, and Y8 is the active ingredient recovered from part S8.

Acceptance criteria:

Z <MAC.

c. Bio-burden: The bio-burden should not be more than 33 cfu/25 cm? for the swabs.

d. Swab recovery challenge test: The swab recovery challenge test should be 70% of the
known concentration of standard spiked.

e. Detergent detection: No foam was detected on top of the sample after testing.

20.3.10 List of Attachments

Attachment I
Attachment II
Attachment III
Attachment IV
Attachment V
Attachment VI
Attachment VII

Description of equipment and product
Cleaning/testing responsibilities
Sampling and testing plan
Calculations for surface swabs
Training record verification

Swabs analysis results

Swab sampling recovery challenge test results
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Attachment |

Description of Equipment and Product

Equipment Name:

Worst-Case Products

Serial No.:

[0 Ciprofloxacin tablet 500 mg
Location:

[ Diclofenac tablet 50 mg
Room No.: [ Ketotifen 1.0 mg tablets

Product Name: [] Sulfamethoxazole DS tablets

Batch No. of the Product:

Next Product to Be Manufactured in the Same Equipment:

Manufacturing Date:

Active Ingredient:

Therapeutic Group:

Cleaning Date:

Cleaning SOP No.: Revision No.:
Sampling Technique:

Cleaning Sample Analysis Date/Time: Result:
Test Method Reference: __ Reference Analytical Logbook:

Limit of Detection:

Safety Factor:
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Attachment I1

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[ Diclofenac tablet 50 mg
[ Ketotifen 1.0 mg tablets

[] Sulfamethoxazole DS tablets

Cleaning/Testing Responsibilities

Cleaning/Testing Done by Recorded on Checked by
Equipment cleaning Machine operator Equipment usage/ Production supervisor
cleaning logbook
Visual inspection Validation officer Analytical logbook —
Swab sample Machine operator/validation Sampling sheet —
officer

Detergent determination  Validation officer/QC analyst Analytical logbook QA /QC officer

MAC Validation officer/QC analyst Analytical logbook QC officer

Bio-burden Microbiologist Analytical logbook QC manager,
microbiology

Swab recovery challenge  Analyst Analytical logbook Senior analyst

test
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Attachment I11

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[ Diclofenac tablet 50 mg
[ Ketotifen 1.0 mg tablets

[] Sulfamethoxazole DS tablets

Sampling and Testing Plan

Sample | Surface Areain Bio-Burden
S. Visual Identification Area Contact with | Detergent NMT Testing
No. | Inspection Labeling (cm?) Product (cm?) Test MAC | 33 cfu/25 cm? | Method
1. S1 25 2205
2. S2 25 2205
3. S3 25 225
4. S4 25 662
5. S5 25 662
6. S6 25 225
7. S7 25 225
8. S8 25 225
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Attachment IV

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[ Diclofenac tablet 50 mg
[ Ketotifen 1.0 mg tablets

[] Sulfamethoxazole DS tablets

Calculation for Surface Swabs

_ TD x BS x SF
MAC = ~—1DD

Calculation:
Y = X x surface area,

where Y is the active ingredient on the corresponding equipment part, X is the active
ingredient recovered from 25 cm? by swab from the corresponding equipment part, and
surface area is the area of the corresponding equipment parts A-L

Z=Y1+Y2+Y3+Y4+Y5+Y6+Y7+Y8+Y9,

where Z is the total active ingredient recovered from the machine, Y1 is the active ingredi-
ent recovered from part S1, Y2 is the active ingredient recovered from part S2, Y3 is the
active ingredient recovered from part S3, Y4 is the active ingredient recovered from part
54, Y5 is the active ingredient recovered from part S5, Y6 is the active ingredient recovered
from part S6, Y7 is the active ingredient recovered from part S7, and Y8 is the active ingre-
dient recovered from part S8.

Acceptance criteria:

Z <MAC.
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Attachment V

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[ Diclofenac tablet 50 mg
[ Ketotifen 1.0 mg tablets

[] Sulfamethoxazole DS tablets

L]
Training Record Verification (Production Staff)

The following staff found trained on cleaning of the equipment.

Using SOP No. ABC-004; Revision No.; Issued on; Date

Name: ID No. Sign. Date
Name: ID No. Sign. Date
L]

Training Record Verification (Analyst)
The following analyst trained on STM No.

Name: ID No. Sign. Date

Performed by: Checked by:

Date: Date:
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Attachment VI

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[ Diclofenac tablet 50 mg
[ Ketotifen 1.0 mg tablets

[] Sulfamethoxazole DS tablets

Swab Analysis Results

Sampling
Location

Visual
Inspection

Detergent
Determination
(No Foam)

Carryover
HPLC Result
per 25 cm? (X)

Carryover
25 cm? X Surface Area
Total Carryover Bio-Burden Test
Y=Xx(A-1) NMT 10 cfu/25 cm?

S1

S2

S3

S4

S5

S6

S7

S8
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Swab Sampling Recovery (Challenge) Test

Name of
Active
Material

Concentration
of Standard
Solution

Type of
Swab

Total Area
of Swab

% Recovery
of Active
Ingredient

% Recovery as per
Limit NLT (70%)

Y N







CLV-20.4

Cleaning Validation Protocol for Powder Bins

Your Company’s Logo

Your Company’s Name

ABC Pharmaceutical Company

CLEANING VALIDATION PROTOCOL

Equipment Name
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Date CLVS-000
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Blending Area
Room No.000
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20.4.1 Objective

The objective is to demonstrate that the cleaning procedure will successfully and consis-
tently reduce the level of residues to a predetermined level of acceptability, so as to prevent
contaminants (products or cleaning process related) from adversely affecting the safety
and quality of the next product manufactured.

20.4.2 Scope

This protocol will cover cleaning of the powder bins for the tablets products.
In the grouping matrix, products are divided into various groups based on their

a. Water solubility

b. Therapeutic dosage
c. Toxicity

d. Batch size (in kg)

From each group one worst-case product (Table 20.4.1) is considered for cleaning valida-
tion of bin-washing station (Figures 20.4.1 and 20.4.2).

20.4.3 Responsibility

The following personnel are responsible for the execution of this protocol:
Cleaning validation officer/production officer/QA inspector/machine operator.

For details, please refer to Attachment II.

TABLE 20.4.1

Worst-Case Products for Powder Bins

Products Reason for Selecting as Worst Case
Ciprofloxacin 500 mg tablets Six ingredients are insoluble in water
Ketotifen 1.0 mg tablets Minimum therapeutic dose (1.0 mg)
Diclofenac 50 mg tablets LD5,150 mg/kg oral rat

Sulfamethoxazole DS tablets Largest batch size (825 kg)
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FIGURE 20.4.1
Bin-washing station.

FIGURE 20.4.2
Bin.
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20.4.4 Description of the Cleaning Process

The powder bins are washed by bin-washing station, which is operated as per SOP
No. ABC-002.

20.4.4.1 Difficult-to-Clean Parts
i. Top loading
ii. Inside corner portion

iii. Bottom unloading

20.4.5 Description of the Sampling Process
20.4.5.1 Sampling Technique

The surface swab sampling technique will be used to take samples from the powder bins.

20.4.5.2 Sampling Precautions

Before taking the sample, wear

i. Gloves
ii. Face mask

20.4.5.3 Procedure for Sampling

Samples for the internal surfaces will be taken by moistening the swab (ready-made
sterile cotton swab) with a suitable solvent (DIW/alcohol-water—alcohol). Sample a
25-cm? area (refer to Figures 20.4.3 and 20.4.4) and place the swab in a test tube contain-
ing 10 mL of a solvent (suitable solvent). Swab samples from each part of the powder bins
will be collected as per Table 20.4.2.

20.4.5.4 Handling of Samples
i. After collecting swab samples for MAC, they are kept in the refrigerator.

ii. Swab samples for the HPLC analysis were collected at the time of manufacturing;
analysis to be completed within 24 h after collection.

iii. HPLC samples should be kept at room temperature for at least 2 h before
testing.



Cleaning Validation Protocol for Powder Bins 141

Your Company’s Logo Your Company’s Name

TABLE 20.4.2
Surface Swabs Sampling Description
Description Sample Location Sample ID Reference
Powder bin Bin neck right S1
Bin neck right S2
Bin neck right S3 Figure 20.4.3
Inside surface middle left S4
Inside surface middle left S5
Powder loading left S6
Powder loading right S7 Figure 20.4.4
Powder loading center S8
I

20.4.6 Test Functions
a. Visual inspection: Inspection of powder bins will be performed visually at the end
of the cleaning procedure.

b. Maximum allowable carryover: The test for MAC of the swab will be performed as
per the HPLC method.

FIGURE 20.4.3
Bins loading inside sampling locations.
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FIGURE 20.4.4
Bins offloading sampling locations.

Notes:
* Analysis will be carried out by pooling the 10 mL swabs extraction for specific
analysis.

¢ The validated HPLC test method will be used for the determination of chemical
residues.
c. Bio-burden test: The test for bio-burden will be performed as per STM No. MC-0001
by QC Microbiology section.
d. Swab recovery challenge test: The recovery challenge test of the swab sample will be
performed as per PDA Journal of Pharmaceutical Science and Technology.

20.4.7 Verification of Documents

i. Verify the powder bin cleaning procedure
ii. Verify the powder bin cleaning logbook records
iii. Verify the cleaning operators and analyst training record (refer to Attachment V)
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I
i. All analysis results will be recorded in the analysis logbook.

20.4.8 Documentation

ii. Printouts and chromatograms will be attached to the validation report and a copy
of each will also be attached to the analytical logbook.

iii. A second analyst will verify all the data.
iv. A cleaning validation officer will check all training records.
v. The final report for cleaning validation will be prepared by the validation officer.

20.4.9 Acceptance Criteria

a. Visual inspection: The visible internal equipment surfaces and all critical and
difficult-to-clean parts are optically free from residue and the color of the final
rinse water is comparable to DIW.

b. Maximum allowable carryover: The active ingredient calculated (Z) is either equal to
or less than the MAC. Based on the “worst-case” concept

Z <MAC

_ TD x BS xSF
MAC = ~—1DD "

where MAC is the maximum allowable carryover, TD is a single therapeutic dose,
BS is the batch size of the next product to be manufactured in the same equipment,
SF* is the safety factor (0.001), and LDD is the largest daily dose of the next product
to be manufactured in the same equipment.

The calculated value will be the maximum amount of active ingredient of worst-
case product that is allowed to be carried over to the next batch.

Calculation:

Y = X x surface area,

where Y is the active ingredient on the corresponding equipment part, X is the
active ingredient recovered from 25 cm? by swab from the corresponding equip-
ment part, and surface area is the area of the corresponding equipment parts A-H.

Z=Y1+Y2+Y3+Y4+Y5+Y6+Y7+7Y8

*1/100 to 1/1000 of a normal daily dose for oral products (PDA Guideline).
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where Z is the total active ingredient recovered from the machine, Y1 is the active
ingredient recovered from part S1, Y2 is the active ingredient recovered from part
S2, Y3 is the active ingredient recovered from part S3, Y4 is the active ingredient
recovered from part 54, Y5 is the active ingredient recovered from part S5, Y6 is the
active ingredient recovered from part S6, Y7 is the active ingredient recovered
from part S7, and Y8 is the active ingredient recovered from part S8.

Acceptance criteria:

Z <MAC.

c. Bio-burden: The bio-Burden should not be more than 33 cfu/25 cm? for the swabs.

d. Swab recovery challenge test: The swab recovery challenge test should be NLT 70%
of the known concentration of standard spiked.

20.4.10 List of Attachments

Attachment I Description of equipment and product
Attachment II Cleaning/testing responsibilities
Attachment III Sampling and testing plan.
Attachment IV Calculations for surface swabs.
Attachment V Training record verification
Attachment VI Swabs analysis results

Attachment VII Swab sampling recovery challenge test results
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Attachment |

Description of Equipment and Product

Equipment Name:
. Worst-Case Products

Serial No.:

[ Ciprofloxacin tablet 500 mg
Capacity: [ Diclofenac tablet 50 mg
Location: [ Ketotifen 1.0 mg tablets

[ Sulfamethoxazole DS tablets
Room No.:

Product Name:

Batch No. of the Product:

Next Product to Be Manufactured in the Same Equipment:

Manufacturing Date:

Active Ingredient:

Therapeutic Group:

Cleaning Date:

Cleaning SOP No.: Revision No.:
Sampling Technique:

Cleaning Sample Analysis Date/Time: Result:

Test Method Reference: Reference Analytical Logbook:

Limit of Detection:

Safety Factor:
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Cleaning/Testing Responsibilities

Cleaning/Testing Done by

Recorded on

Checked by

Equipment cleaning ~ Machine operator

Visual inspection Validation officer
Swab sample Machine operator/

validation officer

MAC Validation officer/
QC analyst
Bio-burden Microbiologist

Swab recovery
challenge test

Analyst

Equipment usage/
cleaning logbook
Analytical logbook

Sampling sheet

Analytical logbook
Analytical logbook

Analytical logbook

Production supervisor

QC officer

Manager QC,
microbiology
Senior analyst
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Attachment I11

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[ Diclofenac tablet 50 mg
[ Ketotifen 1.0 mg tablets

[] Sulfamethoxazole DS tablets

Sampling and Testing Plan

Surface Area Less Than
Sample | in Contact or Equal to Bio-Burden
S. Visual | Identification | Area | with Product Limit of | Testing NMT Testing
No. | Inspection Labeling (cm?) (cm?) MAC | Detection | Method | 33 cfu/25 cm? | Method
1. S1 25 27,240
2. 52 25 27,240
3. S3 25 27,240
4. 54 25 27,240
5. S5 25 27,240
6. 56 25 27,240
7. S7 25 27,240
8. S8 25 27,240
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Attachment IV

Calculation for Surface Swabs

_ TD xBS xSF
MAC = LDD

Calculation:
Y = X x surface area,

where Y is the active ingredient on the corresponding equipment part, I is the active ingre-
dient recovered from 25 cm? by swab from the corresponding equipment part, and surface
area is the area of the corresponding equipment parts A-H.

Z=Y1+Y2+Y3+Y4+Y5+Y6+ Y7+ Y8,

where Z is the total active ingredient recovered from machine, Y1 is the active ingredient
recovered from part S1, Y2 is the active ingredient recovered from part S2, Y3 is the active
ingredient recovered from part S3, Y4 is the active ingredient recovered from part 54, Y5 is
the active ingredient recovered from part S5, Y6 is the active ingredient recovered from
part S6, Y7 is the active ingredient recovered from part S7, Y8 is the active ingredient recov-
ered from part S8.

Acceptance criteria:

Z <MAC.
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Training Record Verification (Production Staff)

The following staff found trained on cleaning of the equipment.

Using SOP No. ABC-004; Revision No. Issued on; Date

Training Record Verification (Analyst)

The following analyst trained on STM No.

Name: ID No. Sign. Date
Name: ID No. Sign. Date
Name: ID No. Sign. Date
Performed by: Checked by:

Date: Date:
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Attachment VI

Worst-Case Products
[0 Ciprofloxacin tablet 500 mg
[] Diclofenac tablet 50 mg
[ Ketotifen 1.0 mg tablets

[] Sulfamethoxazole DS tablets

Swab Analysis Results

Carryover 25 cm? X Surface
Sampling Visual Bio-Burden Test | Carryover HPLC Result Area Total Carryover
Location Inspection | NMT 33 cfu/swab per 25 cm? (X) Y=Xx(A-H)

S1
S2
S3
S4
S5
S6
S7
S8
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Attachment VII

Swab Sampling Recovery (Challenge) Test

% Recovery

Name of Concentration AR
as per Limit NLT 70%

Active of Standard Type of | Total Area of | % Recovery of Active
Material Solution Swab Swab Ingredient Y N
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Date

Protocol Number
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ABC Pharmaceutical Company
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20.5.1 Cleaning Validation Protocol for Tablet Press Type A
20.5.1.1 Objective

The objective is to demonstrate that the cleaning procedure No. ABC-001 will successfully
and consistently reduce the level of residues to a predetermined level of acceptability, so as
to prevent contaminantion (product or cleaning process related) from adversely affecting
the safety and quality of the next product manufactured.

20.5.1.2 Scope

This protocol will the cover cleaning process of the tablet compression machine located in
room 000.
As per the MVP grouping matrix, products are divided into various groups based on their

a. Water solubility

b. Therapeutic dosage
c. Toxicity

d. Batch size (in kg)

From each group, one worst-case product is considered for cleaning validation
(Table 20.5.1.1).

20.5.1.3 Responsibility
The following personnel are responsible for the execution of this protocol:

QA officer/production officer/QA inspector/QC chemist/analyst/machine operator.
For details, please refer to Attachment II.

20.5.1.4 Description of the Cleaning Process
The tablet compression machine is to be cleaned manually as per SOP No. ABC-001.

TABLE 20.5.1.1

Worst-Case Products of Compression Machine

Products Reason for Selecting as Worst Case
Ciprofloxacin 500 mg tablets Six ingredients are insoluble in water
Ketotifen 1.0 mg tablets Minimum therapeutic dose (1.0 mg)
Diclofenac 50 mg tablets LD5,150 mg/kg oral rat

Sulfamethoxazole DS tablets Largest batch size (825 kg)
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41 Label the machine “UNDER CLEANING”

4.2 Run the machine and the Fill-O-Matic for 1 min to clear out the powder from the
hopper and Fill-O-Matic

4.3 Open the machine door

44 Remove the excess powder inside the machine by a vacuum cleaner
4.5 Remove the hopper
4.6 Remove the Fill-O-Matic
4.7 Remove the scraper
4.8 Remove the tablet-discharge chute and panels
49 Remove the tablet deduster and hoses
410 Dismantle the fill cam

411 Take out the upper and lower punches with the help of the mobile control box
and keep them in a suitable tray, or take out die plate subassembly as per SOP
No. ABC-003 if required

412 Unscrew the die fixing screws and lift out the dies and keep them in a tray
4.13 Clean the inside of the machine thoroughly with white sprite by means of brushes
414 Blow the die plate with compressed air

4.15 Clean the upper and lower punches of dies and fill cam with white sprite by
means of brushes, apply oil, and keep them in a plastic cover, and arrange them
in a plastic tray

416 Wipe the die plate, die holes, upper and lower punches holes, and the inside of
the machine with a clean towel

417 Clean the inside glass doors with a clean towel wetted with white sprite
4.18 Close the machine door

4.19 Clean the upper side of the machine and the outside of the machine with a clean
wet towel

420 Clean the control panel with a clean wet towel

4.21 Shake the dust extraction unit and collect the powder from it in a polythene bag
and label it as a pharmaceutical waste

4.22 Clean the powder collector tray of the dust extraction unit with water and dry it
with compressed air

4.23 Clean the outside and the upper side of the dust extraction unit with a clean wet
towel

424 Collect the broken tablets from the check master and label them as a pharmaceutical
waste

4.25 Clean the check master from inside and outside and the glass collector with a
clean wet towel
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FIGURE 20.5.1.1
Compression machine type A.

4.26 Clean the hopper, Fill-O-Matic, tablet-discharge chute, hoses and uphill tablet
deduster parts with water and dry them with compressed air

4.27 Clean the outside parts of the tablet deduster with a clean wet towel
4.28 Assemble the machine for the required product as described in the SOP
4.29 Label the machine “CLEAN"

4.30 Make entries in the cleaning, maintenance and production usage logbook as
per SOP

20.5.1.5 Difficult-to-Clean Parts

i. Powder hose

ii. Disc below punches
iii. Powder hopper
iv. Rubber mold

v. Fill-O-Matic

20.5.1.6 Description of the Sampling Process
20.5.1.6.1 Sampling Technique

The surface swab sampling technique will be used to take samples from the tablet com-
pression machine.
Surface swabs (swabs with diluents including a suitable neutralizing agent).
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20.5.1.6.2 Sampling Precautions

Before taking samples, wear

i. Gloves

ii. Face mask

20.5.1.6.3 Surface Swabs
20.5.1.6.3.1 Procedure for Sampling

Samples for the internal surfaces will be taken by moistening the swab (ready-made sterile
cotton swab) with a suitable solvent (DIW/alcohol-water—alcohol). Sample a 25-cm? area
(see Figures 20.5.1.2 through 20.5.1.7) and place the swab in a test tube containing 10 mL of
solvent (suitable solvent). Swab samples from each part of the compression machine will be
collected as per Table 20.5.1.2.

20.5.1.7 Test Functions
a. Visual inspection: Inspection of the tablet compression machine will be performed
visually.

b. Maximum allowable carryover: The test for MAC of the final swab will be performed
as per the HPLC method suitable for each product residue.

Notes:

¢ Analysis will be carried out by pooling the 10 mL swabs extraction for specific
analysis

¢ The validated HPLC test method will be used for the determination of chemi-
cal residues

TABLE 20.5.1.2

Surface Swabs Sampling Description

Description Sample Location Sample ID Reference
Tablet Body surface left S1 Figure 20.5.1.2
compressi