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K. Packaging

The packaging area calls for great emphasis on type of construction be-
cause it is particularly sensitive to mix-ups in either product or labeling.
Individual packaging lines should have a minimum separation between each
line of 15 ft. Depending on the equipment used, more space may need to
be utilized. Consideration should be given to the separation of lines by
partitions. The partitions need not be floor to ceiling, but should prevent
migration of product by being closed at the floor, and high enough to
prevent any crossover of product.

Some companies have started their packaging operations with a pre-
staging area large enough to contain all required components for that
packaging operation. This area is separate but adjacent to or in front of
the filling area. The filling area should be equipped, if possible, with
air filtered through absolute filiers, Dust-collector outlets from the central
dust-collector system should be located in the filling area to remove dust
from the filling operation. After cleaning by vacuum, bottles move into
the filling area, are filled, then moved to the area where cottoning, cap-
ping, labeling, etc., takes place. Thus, maximum product protection is
exercised in the filling area while the product is exposed, with lesser
degrees of control being required in the other areas because the product
is now containerized.

Standard operating procedures should be developed for &ll packaging
operations. These include specific procedures for line setup, approval of
line before start of operations, periodic line check during operation,
close out of line, line clearance at end of operation, and reconciliation of
product and components.

Cleaning and Start-Up

Cleaning should be carried out with relative ease and with the use of
standard cleaning materials. Vacuum facilities should be available for
cleaning and contact parts should be wiped down and sanitized utilizing
a sanitizing agent. The equipment should be washed, dried, covered,
and stored in an equipment storage area.

As in the case of manufacturing, the packaging operation starts with
the generation of the packaging order. This consists of the approved
packaging components listed by name and code number, the lot or control
number of each component, the batch number of the product to be pack-
aged, and quantities of each., A supervisor verifies the accurszacy and
completeness of the packaging order, including expiration date, line being
used, and any other speciasl equipment being used for that operation.
These steps are accomplished prior to bringing components to the line.
The complete line area, including all equipment, is verified as being prop-
erly disassembled and cleaned of all product and components from the
previous packaging operation. After the Quality Assurance Department
verifies that the area has been cleared and cleaned, the components are
brought to the line for mechanical setup. After the setup mechanic com-
pletes all the adjustments required, a supervisor oversees the prestart
procedure, which consists of clearing all product used during the setup,
counting labels used in the labler setup, rechecking all components and
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lot numbers, verifying the bottle count, verifying all stamps and lot num-
bers, and signing of the packaging order that all is in readiness to start

packaging operations.

Labeling Operations

Labeling operations must receive very special attention. The use of cut
lgbels in the pharmaceutical industry is rapidly disappearing. Roll labels,
whether they are glue, thermoplastic, or pressure-sensitive are now the
labels of choice. Electronic label counting and verification is the norm with
bar codes, Universal Product Code (UPC), or Health Industry Bar Code
(HIBC) being used more frequently as label identifiers. The storage of
labels for both security and preservation reasons is very important. The
verification of labeling at the final label application point is also becoming
more popular, as the U.S8. Food and Drug Administration (FDA) has
identified labeling errors as the single largest issue in product recalls.
Standard operating procedures must be developed for label accounta-
bility with specific tolerances for accountability spelled out. Provision
must be made for label security, such as locked cabinets on the operating
lines. Accountability sheets for other components must be developed so
that reconciliation between used and finished packages can be developed.
If possible, a cleaning area and shop should be set up for the cleaning of
filters and parts, and the disassembly and assembly of filling machines.

Controls During Run

A packaging department check sheet is prepared each day by the super-
visor for each packaging line (Fig. 9). This check sheet indicates the
components being used, the product name and description, packaging pro-
duction order number, the manufacturing production order number, ex-
piration date, etc. The checklist also includes weight, or tablet count
being filled, line number, appearance of containers, and the effectiveness
of any mechanical controls for detecting empty cartons, missing inserts,
ete, The line and components are checked by the supervisor on all start
ups. In addition, the line and components are checked and initialed ap-
proximately every hour during the run by a supervisor.

End of a Packaging Production Order

When a packaging production order (PPO) is completed, the packaging line
will be cleared of all components which are not transferable to the next
order. Those components which can be transferred to the next PPO (i.e.,
components with identical code numbers) will be marked with a sticker
indicating the new PPO number. The supervisor will fill out a clean card
and indicate in the appropriate space if the changeover is to be a product
changeover or a packaging order changeover (no cross-outs will appear in
this section). Clean cards for equipment that is mobile will be attached
directly to the equipment. A complete reconciliation of all labels and
inserts will be performed and any discrepancies outside predetermined
limits will be investigated immediately. Also, for inventory purposes, all
quantities of all components will be recorded. Also, at this time a final
check of product container labels will be performed and recorded.
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IV, DESIGN OF THE PRODUCT

Other considerations relating to tablet production must now be addressed.
As was the case with formulation development activities, good communication
between research, production personnel, quality assurance, and marketing
are essential to the efficient introduction of a product to the manufacturing
environment. The decisions which must be made and the ideal information
which must be supplied are briefly discussed below.

A. Batch Sizes

Aside from the cobvious limitations of batch size imposed by the capacities
of the processing equipment, logical choices concerning optimum batch
sizes will depend primarily on marketing projections of sales for the prod-
uct. Early establishment of accurate batch size translates to more efficient
introduction to production. In today's regulatory environment, process
validation information is required on standard batch sizes for the subject
product. Without firm batch size definition at the outset, not only will any
validation data which is generated have to be repeated if the batch size
changes, but also subsequent decisions relating to equipment utilized for
batch processing, manpower required, raw materisl procurement/storage
requirements, production scheduling, and a myriad of similar issues will
require redefinition in the case of a change. Therefore, the establish-
ment by the marketing group of a solid sales estimate by unit for any new
product cannot be overemphasized.

An EOQ (economic order guantity) model can be developed to calculate
the theoretical bateh size that will generate the least total costs. It is
created by taking the partial derivative with respect to Q of a total cost
equation. The result is usually in the following form:

_ J2AD
EOQ = po
where EOQ = economic order quantity —that quantity which will generate
the least total cost of carrying costs plus manufacturing
costs
A = set-up costs ($)
D = demand (number of tablets/unit time)

it

total manufacturing costs (raw material + value added)
($/tablet)

r = carrying costs ($/$/unit time)

It is clear from the equation that the forecast (D) will directly impact
the EOQ. The development of an EOQ, however, should be used as only
one of the tools for batch sizing. A sensitivity analysis can also be
derived to determine the additional costs incurred by deviating from the
EOQ [3,8].

Within the batch size requirements established by marketing, produc-
tion, and research personnel is the need to assess operating character-
istics of granulation and tableting equipment to determine the most
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efficient production cycle. An analysis which addresses marketing's prod-
uct requirements linked to a temporal projection provides the basis for the
manufacturing plan, With this assessment and knowledge of the typical
operating cycle time for processing equipment, the impact on existing facil-
ities can be assessed, and the demand for new equipment may be addressed.
Careful consideration should be given at this point in the planning stage
that delivery times for processing equipment purchase, installation, valida-
tion (if required), and similar issues be calculated accurately to assure
smooth introduction of the product.

B. Equipment Considerations

In spite of restrictions applied to production based on development decis-
jons with regard to processing equipment and technology, new equipment
purchases for the production environment should be evaluated and address
the following items.

Construction

Aside from functionality and durability, have the exigencies and growing

concerns around "cleanability" and cleaning validation been addressed in

the design? This consideration is especially important if the equipment is
to be used for multiple products.

Scalability

Does the proposed production equipment operate on the same or similar
principle to the pilot-scale equipment? How linear is the scalability from
size to size? This factor can be pivotal in successful scale up to produc-
tion-size batches.

Capacity /Output Requirements

If this equipment will sugment or supercede existing equipment, will its out-
put meet the required demand? It is wise to remember that in the case of
tablet presses, a factor of 0.6—0.7 times the maximum rated output would
logically provide a value for the optimum output of the equipment. Analy-
sis based on using the manufacturer's stated maximum output will over-
state the machine's practical capabilities in some cases by 30-—40%,

Installation /Operating Requirements

Assess the equipment's space, utility, and any other special requirements
and determine the feasibility of the proposed installation. In addition, if
speclal features (i.e., explosion-proof electrics, etc.) are required, verify
that the equipment vendor's interpretation will address local requirements.

Processing Test

Even though production equipment is technically similar to the R&D equip-
ment used, verify, if possible, that the equipment will perform up to ex-
pectations at production scale. Very careful evaluation should precede
any equipment purchase. An integral step in the prepurchase process
should include actual equipment testing with tests products representative
of typical production batches.
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Availability of Quantitative In-Process Data

The regulatory climate regarding process validation continues to require
ever-increasing amountis of quantitative manufacturing process data.
Whether it is amperage measurements on a high-shear mixer taken during
the granulating process or compression force monitoring from a tablet
press, equipment should be evaluated with the anticipation that this in-
formation will be utilized and likely required at some point during its use-
ful lifetime.

V. DESIGN OF THE FACILITY
A. Layout of Facilities

The overall facility as well as the individual process areas should always
take into consideration the most simplistic route of material flow and the
control of cross contamination. As previously noted, the prime objective
at all stages of inventory is to separate released materials from quaran-
tined or rejected materials. Several typical layouts for pharmaceutical
manufacturing follow,

Figure 10 depicts one of the more popular solid-dosage form layouts.
Basically, the center, or core, of the facility is a storage of warehouse
area for raw materisls, packaging components, and bulk stocks, with the
manufacturing and packaging operations located at the outer perimeter.
As can be observed, the flow of raw materials and components is from
the receiving and quarantine areas into approved storage. Materials are
weighed into batch quantities in dispensing, and then moved into the man-
ufacturing area. After completion of manufacturing, the finished tablets
are placed in quarantine, and moved to bulk stock upon release. When the
packaging run is scheduled, tablets and packaging components are de-
livered from the bulk stock and approved storage areas.

This layout has the advantage of space conservation by virtue of
having the supply areas close to the areas being supplied. However, a
significant disadvantage is the crossover traffic pattern of materials, with
the ensuing potential for contamination or mixup.

A second layout consisting of receiving, approved raw materials and
components storage, and dispensing on one side, with manufacturing,
quarantine, bulk stock, and packaging across a central corridor is de-
picted in Figure 11, The movement of materials from one area to another
is the same as in Figure 10. However, owing to the modified layout, the
flow is basically circular, eliminating much of the crossover traffic pre-
viously shown.

The third layout in Figure 12 consists of a basic straight-line flow
to minimize contamination or mixup, moving the materials along a critical
path. The principal advantage over the other layouts is minimal cross-
over of materials, thus minimizing the potential for contamination or mixup.
One disadvantage is the additional space required to accommodate this

configuration.
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Figure 10 Perimeter manufacturing, center warehouse. (1) Administrative
offices, (2) receiving area, (3) receiving quarantine, (4) tablet coating,
(5) tablet compression, (6) tablet granulation, (7) approved materials
warehousing, (8) in-process quarantine, (9) approved bulk materials,

(10) pharmaceutical dispensing, (11) liquids, creams, ointment manu-
facturing, (12) packaging area, (13) label room operations, (14) shipping

area.
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Figure 11 Circular flow: (1) administrative offices, (2) receiving area,
(3) receiving quarantine, (4) approved materials warehousing, (5) pharma-
ceutical dispensing, (6) tablet granulation, (7) tablet compression,

(8) tablet coating, (9) liquids, creams, ointment manufacturing, (16) ap-
proved bulk materials, (11) in-process quarantine, (12) packaging

area, (13 label room operations, (14) shipping area.
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Figure 12  Straight line flow: (1) administrative offices, (2) tablet
coating, (3) label room operations, (4) tablet compression, (5) tablet
granulation, (6) pharmaceutical dispensing, (7) approved materiasls ware-
housing, (8) receiving quarantine, (9) receiving area, (10) liquids,
creams, ointment manufacturing, (11) approved bulk materials, (12) in-
process quarantine, (13) packaging ares, (14) shipping area.
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B. Control of Cross Contamination

Air-Handling Systems

One of the most important considerations in the design of a solid dosage

facility is the air-handling system. In considering air systems from the

standpoint of CGMPs, one begins with the supply of outside air, and then

moves on to the filtration systems that will be utilized, determining where

positive and negative air pressures are necessary, whether to rvecirculate

or exhaust spent air 100%, and finally dust collection and exhaust systems.
The CGMP regulation 211.46 section ¢ specifically mandates that

Air filtration systems, including prefilters and particulate matter
air filters, shall be used when appropriate on air supplies to pro-
duction areas. If air is recirculated to production areas, measures
shall be taken to conirol recirculation of dust from production. In
areas where air contamination occurs during production, there shall
be sdequate exhaust systems or other systems adequate to control
contaminants [6].

A typical design involves one or more bag or cartridge filters located
close to the area of dust generation. Either of these coarse filtration
units will remove at least 95% of the dust generated from normal pharma-
ceutical manufacturing operations. The prefiltered air is then mixed with
10~15% outside make-up air and passed through a HEPA filter and re-
enters the rooms through the supply plenum diffuser.

Dust Collection

SAMPLING AND WEIGHING. The first area that must be addressed is
the raw material sampling rooms and the pharmacy or dispensing area.
Both these functions can be handled with the same illustration. Figure 13
shows a typical layout for sampling or weighing. The area should be an
enclosed facility with separate booths or hoods where the individual
weighing or sampling can take place. These areas may he designed using
horizontal laminar flow or appropriate hoods and other dust pickup de-
vices. The supply air to these stations will, therefore, ecither be HEPA
filtered at the pickup stations, or HEPA filtered after the dust collector
prior to returning to the general ares or supply air.

GRANULATING. The next area to be addressed is granulating. In
designing & granulating areas the material flow should again be carefully
considered. Easy movement of materials into separate processing rpoms
will minimize the potential of cross-contamination. A typical design is
shown in Figure 14. Here again there are two basgic methods of air-
system design. In this illustration, the mixing rooms are negative to the
main corridor. This prevents airborne particles from escaping into the
main ares and migrating to the other rooms.

COMPRESSION. Figures 15 and 16 illustrate a tablet-compression room
design using slightly negative pressure in the corridors to preclude con-
tamination of other booths through open doorways. Both methods, de-
signed and maintained properly, will work equally as well, The important
point being the supply air is prefiltered through a dust collector and
final filtered through a HEPA filter.
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Figure 13 Dust collection for sampling and weighing stations.
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Figure 14 Layout of mixing and granulating areas.
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Figure 16 Air handling in compression area,

PACKAGING. Some tablet-filling machines are designed with a self-
contained vacuum system that returns the air, filtered through an absolute
filter, back to the packaging area. There should also be some provisions
made at the cottoning stations. If the filling machine being used does not
have an air-filtering system, dust pcikups of approximately 360 cfm
should be provided at the hopper station and 50 CFM at the bottle chute.

C. Humidity/Temperature Controls

From the standpoint of both product protection and employee comfort,
careful consideration must be given to humidity and/or temperature con-
trols, Unless otherwise indicated, conditions of 45% RH and 70°F are
generally adequate for critical manufacturing areas such as compression
and coating. Comfort conditioning should be provided for weighing,
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granulation, compression, and packaging operations. However, tempera-
ture controls should be such that little or no variation will be caused by
external ambient temperatures. Thus, comfortable working conditions are
achieved and there should be no impact on characteristics of in-process
materials, such as granulation, raw materials, etc. Warehousing opera-
tions should have some adequate type of ventilation, particularly in areas
of high storage, either pallet racks or pallet-to-pallet-type storage. The
ventilation could be provided by large roof fans to circulate air. In addi-
tion, some form of supplemental air heating, such as hot-air blowers,
should be provided for cold areas, such as shipping or receiving docks.

D. Water Systems

Although water systems are not covered to any great extent in the CGMPs,
CGMP regulation 211.48 states that the supply of potable water in a plumb-
ing system must be free of defects that could contribute contamination to
any drug product [6]. Thus, an effective water system is a necessity.
In recent years, various techniques have been developed for producing
the high-quality water required in ever-increasing quantities in pharma-
ceutical manufacturing operations. These include ion-exchange treatment,
reverse osmosis, distillation, electrodialysis, and ultrafiltration. In fact,
the United States Pharmacopeia (USP) XXI defines purified water, USP,
as water obtained by these processes or other suitable processes, Un-
fortunately, there is no single optimum system for producing high-purity
water, and selection of the final system(s) is dependent on such factors
as raw-water quality, intent of use, flow rate, cost, ete. [1].

In the pharmaceutical industry, the classes of water normally encount-
ered are well water, potable water, USP (which complies with Public
Health Service Drinking Water Standards), purified water, USP, and spe-
cially purified grades of water, such as water for injection, USP, or FDA
water for cleaning and initial rinse in parenteral areas (as defined in the
CGMPs for large-volume parenteralg). For purposes of this chapter, only
the first three classes will be addressed because these are the clagsifica-
tions encountered in processing for solid- and semisolid-desage forms.

Well Water

Well water, as the title indicates, is water drawn directly from a well.

The water may not be either chemically or microbiologically pure because it
is untreated, Therefore, the use of well water should be restricted to
nonmanufacturing operations, such as lawn sprinklers, fire protection sys-
tems, utilities, and the like.

Potable Water

Potable water, USP, is city water or private well water that has usually
been subjected to some form of microbiological treatment, such as chlorina-
tion, to meet the United States Public Health Service Standard with re-
spect to microbiological purity. Potable water is fit for drinking, and is
generally used in processing operations for cleaning and sanitation pur-
poses. Periodic monitoring of use points should be conducted to ensure
adequate residual chlorine levels and the absence of microbial contamina-
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tion. If necessary, additional chlorine should be added to the water
supply as it enters the plant, or a suitable flushing program should be
implemented to ensure adequate chlorine levels at point of use.

Purified Water

Purified water, USP, is usually prepared from water that meets the potable
water standard. Purified water is treated to attain specified levels of
chemical purity and it is the type of water used in most pharmaceutical
processing operations, However, this class of water is not without prob-
lems in that the requirements of no chlorides presents special concerns
from a microbial contamination standpoint.

Purified water, USP, generally is produced by deionization or distilla-
tion, although reverse osmosis or ultrafiltration systems might be utilized
if the required chemical purity could be achieved. As a starting point in
these processes, water softening or activated carbon filtration frequently
is employed as a pretreatment process to remove calcium and magnesium
ions or chlorine and organic materials. Ion exchange and demineralization
through deionization is a very common method of obtaining the purified
water, USP, used in the pharmaceutical industry.

Water-Treatment Equipment

Deionization equipment should be sized to ensure frequent regeneration and
a recirculating system should be installed on the unit that approaches the
rated flow of the deionization unit. Procedures should be written to en-
sure that all water-treatment equipment is properly operated, monitored,
maintained, and sanitized on a regular basis.

WATER FILTRATION, Water filtration generally is approached on the
basis of two major considerations: prefiltering to prevent large particulates
from entering the system and microfiltering to remove bacteria. Prefilters
are generally the replaceable cartridge type with porosities ranging as
high as 25 y. Microffliering is usually accomplished with a 0.2-yu absolute
filters, which will remove most bacteria.

A proliferation of filters within the system should be avoided, since
what might be implemented as a protective measure could readily develop
into a problem wherein retained bacteria are given the opportunity to
multiply. In any system employing filters for the control of bacteria, the
filters and all of the downstream piping must be effectively sanitized on a
regular basis. There should be procedures written for filter inspection,
replacement, integrity testing, and monitoring on a scheduled basis.

SANITIZATION PROCEDURES. Sanitization is best accomplished
through several methods. After periods of low usage of water, the sys-
tem should be flushed with a supply of water that has residual chlorine.
Periodic hyperchlorination also is recommended. Effective microbial con-
trol can be maintained by storing water at 80°C. However, this approach
is expensive and presents some hazards to personne! and material. Ultra-
violet radiation may be used, but it has limited application because of the
many factors which can reduce its effectiveness, Written instructions
should be developed for sanitization procedures for water-treatment equip-
ment on a regular, prescribed basis.
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E. Plant Pest Control
The CGMP regulation 211.56a states that

Any building used in the manufacture, processing, packing, or
holding of a drug product shall be maintained in a clean and san-
itary condition. Any such building shall be free of infestation by
rodents, birds, insects, and other vermin (other than laboratory
animals). Trash and organic waste matter shall be held and dis-
posed of in a timely and sanitary manner [6].

A pest-control program should be developed that will ensure the in-
tegrity and quality of products produced and comply with existing legisla-
tion. The program should be written to include a general statement of
purpose and the company position. Effectiveness of the program should be
assured by defining the plant individual with overall responsibility for the
program and how the responsibility will be carried out. The training and
experience requirements of the extermination staff should be delineated,
whether they be in-house or subcontracted personnel. Assistance in sup-
porting the program may be gained from other plant personnel by their
pointing out problem areas.

The program should be issued to line management personnel and
periodically updated in order to keep the program current. The program
should contain a list of approved pesticides to be used in the plant. In-
dividual sheets should@ be prepared for each specific item of use [5].
Basic information should be spelled out as follows:

1. 'Trade name of the pesticide

2. Claassification

3. Type of action

4. Chemical name and concentration of active ingredient
5. Effective for:

6. To be used for:

7. Area of usage

§. Mode and frequency of application

9. Toxicities and any specific toxic symptoms, if known
10. Status of government approval

11. Specific restrictions and cautions

The development of sheets as indicated above will serve a twofold pur-
pose. First, the sheets can be subjected to approval by the plant safety
organization to determine if the materials comply with the Occupational
Safety and Health Administration (OSHA) requirements and the require-
ments of other state or local agencies. Second, the sheets would also
facilitate compliance with CGMP regulation 211.%56c, which states the
following:

There shall be written procedures for use of suitable rodenticides,
insecticides, fungicides, fumigating agents, and cleaning and
sanitizing agents. Such written procedures shall be designed to
prevent the contamination of equipment, components, drug prod-
ucts containers, closures, packaging, labeling materials, or drug
products and shall be followed. Rodenticides, insecticides, and
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fungicides shall not be used unless registered and used in accord-
ance with the Federal Insecticide, Fungicide, and Rodenticide Act
(7 U.5.C. 135) [e6].

Written records of regularly scheduled inspections and preventive treat-
ments should be maintained. Emergency or special services should be doc-
umented specifying the type of problem encountered, the service rendered,
effectiveness of the treatment, and any follow-up that might be required.

The program should also specify when production interruptions might
be necessary, either due to the presence of a specific pest or to avoid
possible contamination during the treatment to exterminate a pest.

All manufacturing areas should be constructed using nonporous mate-
risls on the walls and floors, Any protrusions such as pipes and elec-
trical boxes should be minimized. Space should be allocated carefully to
provide sufficient rooms for all operations. There should be adequate
lHghting and the areas should be remote from any openings to the outside.
Care should be taken that adequate training in understanding CGMPs be
given to all personnel. Outside contractors must also be trained and un-
derstand CGMPs before embarking on any construction or remodeling ef-
forts having to do with pharmaceutical manufacturing.

Vi, EQUIPMENT SELECTION
A. Granulation

There are a multitude of equipment manufacturers, each with a specific ad-
vantage. But, more importantly, the initial formulations coming from the
scale-up laboratory should be done in equipment that most closely mimics
the final processing equipment that will be used in production. The suc-
cess or failure of a manufacturing process depends on the time and effort
put into the formulation design and equipment selection.

Selection of equipment for dry blending, dry granulation, or wet
granulation is a process that must start at the time the formulation is first
conceptualized, There are numerous types and designs for each processing
technique.

Dry Blending

The first choice for dry mixing is in tumble-type blenders, and here, as
elsewhere in this section, an effort will be made to identify the more com-
monly used designs and some of the manufacturers of that equipment.

This information is intended as a guide and is not proported to be a com-
plete listing. Figure 17 shows some configurations of a double-cone blend-
er, both straight and offset.

Figure 18 illustrates both the conventional twin-shell or Vee blender,
and the newer cross-flow or short-leg Vee blender. Double-cone and
twin-cone blenders are supplied by Gemco, J. H., Day Corp,, and Patterson
Kelly Co., among others.

The important considerations to take into account when developing a
formulation for these type mixers are deagglomeration of the raw materials
prior to charging the blender, not exceeding the rated capacities which is
approximately 60% of the total capacity, particle size uniformity, dry and
humid conditions, reducing vibration, and avoiding over mixing.
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(a) (b}

Figure 17 (a) Double-cone blender, (b) slant-cone blender.

Ribbon blenders of the type shown in Figure 19 may also be used for
dry blending. However, care must be exercised here when formulating
low-dosage products. Dead spots such as discharge ports must be cleared
and the materials recycled. Samples must be taken from multiple locations
when validating this process. Some ribbon blender suppliers are Marion
Mixers, Inc., J. H, Day Corp., Charles Ross & Son Co., and 8. Howes
Co., among others.

(a) (b)

Figure 18 (a) Vee blender, (b) short-leg vee blender.
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Figure 19 Ribbon blender.

Dry Granulation

Dry granulation is becoming more popular as equipment improvements con-
tinue to accelerate. Moisture-sensitive actives and some heat-sensitive
actives can now be prepared as efficiently as less sensitive products. A
combination of roll compaction and sizing coupled with improved cleanability
of the equipment have encouraged formulators to look at this method more
closely than in the past.

Figure 20 shows a typical design for roll compaction. Again, equip-
ment manufacturers have realized the importance of being able to pre-
cisely control feed rates, compaction force, and particle size, and have
carefully addressed these parameters when scaling from lab equipment to
production equipment. Some roll compaction equipment suppliers are
Vector Corp., Fitzpatrick Corp., Alexanderwerke, and Bepex, among
others.

Wet Granulation

The wet-granulation technique is benefiting from improved processing
equipment. High-shear granulating equipment is being developed and im-
proved upon. Equipment manufacturers are studying changeover times,
clean up, end point measurement, ease of discharge, and many more points
to improve quality and productivity. Granulator/dryer combinations are
also becoming more available. Fluid-bed drying, microwave drying, and
vacuum-drying equipment are rapidly replacing the traditional tray

dryers.

B. Compression

Introduction of the high-speed, computer-controlled tablet press has had a
profound impact on the industry. With capacities of over 800,000 doses/hr,
presses no longer need to be dedicated to a single product. Many prod-
ucts may be manufactured on one machine to utilize excess capacity and fo
justify the high costs. Depending on the manufacturing strategies of a
particular company, different criteria would be used to select their equip-
ment. Large production rate capacities become important as the batch size



406 Connolly, Berstler, and Coffin-Beach

Figure 20 Roll compactor. (Courtesy of Alexanderwerke.)

increases and the number of different products decreases. Cleanability

and change-over time become important as the batch size decreases and

the number of products increases, Some manufacturers claim as little as
4 h for a complete changeover to a different product.

Theory of Computer-Controlled Presses

If every particle and granule were the same size and shape, and if every
die cavity were filled with exactly the same amount, and if every punch
were exactly the same, etc., the compression force for each tablet pro-
duced would be identical from die cavity-to-die cavity, from revolution-to-
revolution, and from the beginning to the end of a batch. Unfortunately,
the particle size distribution may vary slightly from die cavity-to-die
cavity, from revolution-to-revolution, and from the beginning to the end
of a batch. Therein lies one of the sources of variation of weight and
hardness from tablet-to-tablet.
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Consider two identical die cavities, A and B. A is filled with small
particles, whereas B is filled with larger particles, While both die cavities
are filled, the weight of the powder in A is heavier than the weight of
the powder in B. The compression force will be larger for A than for B
as they pass under the same compression rollers. Obviously, the tablet
resulting from A will be heavier than the tablet resulting from B. The
compression forces can therefore be directly correlated to tablet weights.

The basie assumption used by all computer controlling systems is that
all significant variations in compression forces are resultant from the ac-
tial weight of the material being compressed, hence tablet weight. The
target tablet weight can be correlated to a target compression force that is
determined during the setup operation. This target compression force can
then be used to control the compression operation.

During the prestart operation, a target compression force will be de-
termined. As the press begins production, it will warm up and its oper-
ating condition will change. As the punches warm, they will elongate
slightly. As the electronic components warm, their signals may vary
slightly. The sum of the press's varying operating conditions is a drift
in the compression force/target weight correlation.

Until recently, it was up to_the operator to verify that the target com-
pression force correlated to the target tablet. If this was found not to be
the case, an adjustment needed to be made before compression could con-
tinue. With the introduction of tablet measurement/feedback systems,
control is taken a step further and the loop is closed. Compression forces
are periodically referenced to actual produced tablet measurements. All
necessary adjustments, including weight and hardness adjustments, are
then performed automatically and the compression force/tablet weight corre-
lation is adjusted automatically as necessary.

Instrumentation Strategies

There are currently two basic strategies used by the many tablet manu-
facturers to computer-control their presses. The first is to set up the
press to produce tablets with the desired weight, hardness, thickness, fria-
bility, etc. The next step is to convert the compression force signal to a
reference value. This reference value corresponds to the target tablet, and
is usually displayed as an average per revolution of each station's actual
compression force. This reference value must be established at the start
up for each batch and is then used to control the tablet weights, When
the average force value drifts from the reference value and reaches an
adjustment value, a signal is sent to the weight-control motor to adjust the
filling depth appropriately. Some manufacturers provide for the duration
of the weight-control signal to be set so that the adjustment brings the
force value back to the reference value. Compression forces of individual
stations are measured, and if their force values are within a set reject
range, the tablet is accepted as a good tablet. If the force value is out-
gide the reject range, the tablet is rejected as an out-of-spec tablet.

The second strategy, which most tablet manufacturers are using or
moving toward, is the use of internal calibrations so that actual compres-
sion forces are measured and displayed. The benefits include a simplfied
computer setup and a standard/common base by which batches of the same
product can be compared for compression characteristics and statistical
analysis. The adjustment range settings and the reject range settings
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initiate the same responses as they do in the first strategy. The differ-
ence is that they are set and displayed as actual compression forces.

Rejection Strategies

The rejection mechanisms are also of two basic strategies, pneumatic re-
ject and mechanical reject. The pneumatic reject relies on a timed burst
of air to direct a bad tablet to a reject chute. The disadvaniages with a
dusty product are clogging of the jets and inducing airborne dust par-
ticles. Also, depending on the speed of the press, up to six or more
tablets may be rejected for each bad tablet. The advantages are no
moving parts and the timing is fixed and not varied owing to table speed
changes.

The mechanical reject is usually a gate or arm that swings out to di-
vert the bad tablet to the reject chute. The timing is critical and must
be set correctly. As the table speed changes, the timing may need to be
changed. Also, tablets of different sizes and shapes will require different
timings and gate settings. Abrasive dusts can interfere with proper re-
jection by causing sluggishness. On the other hand, mechanical mechan-
isms can be set o reject only one tablet, regardless of speed.

Induced Die Feeder (IDF) Strategies

Another distinguishing feature of high-speed machines is the induced die
feeder (IDF)}. The IDF is basically a mechanism to ensure adequate and
uniform filling of the die cavities as they pass the feeder at high speeds.
It uses a combination of paddles which pushes or plows the powder over
the dies. Virtually every combination of paddle placement and blade con-
figuration is represented by some manufacturer. Different IDF configura-
tions and speeds may induce different compression characteristics of the
same material. Because the IDF agitates the powder, and its speed can
be varied, some additional mixing may be considered to occur in the feeder
for some formulations. This can sometimes become a source of problems
rather than a solution,

Power Delivery Systems

Some manufacturers offer a powder feed controller which maintains a con-
stant level of powder that feeds the IDF. The effects of the sudden in-
crease of weight by adding a scoop full of powder to & hopper can be
seen very clearly on computer monitoring/controlling devices that have
graphical displays. These effects are eliminated by the powder feed con-
troller, and help to create more uniform products by eliminating the
powder level variable.

Future Trends

Most press manufacturers currently have on the market presses and con-
trolling systems which provide a complete loop for controlling all of the
tablet parameters. Tablet sampling and checking systems take a sample of
tablets at specified intervals, automatically perform weight, hardness, and
thickness measurements, perform statistical calculations, and feedback the
appropriate signals to the press to adjust the weight and/or hardness.
These signals include readjusting the target compression force and the
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Manufacturer Elizabeth Kilian Kikusui Korsch Manesty dtokes
Hata
Model AP-38-5¢U T300 Libra Pharmapress Novapress 15 Stokes 454
336
Station No. 38 32 36 36 15 15
Output /Hr:
Max (M) 160 240 2186 216 T 222 270
Min (M) 34.6 9.6 21.6 71.3 54 96
Main Comp 9 80 kX 8 8 6.5 6
Pre Comp 3.5 28 kX 8 2 - 2
Computerized:
Monitoring Y Y Y Y Y Y
Control by Y Y Y Y Y Y
Force
Control by Y Y Y Y Y N
Weight
Figure 21 General comparison of currently available tablet presses.
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window of limits. The target compression force is therefore being con-
stantly verified against actual tablet parameters.

Some manufacturers currently offer systems where all of a product's
parameters are stored on a disk and the operator loads the information
in a computer. The computer will tell the press where the initial settings
are, produce some tablets for automatic testing, make any necessary ad-
justments until the tablets are at target, and then begin production. Fig-
ure 21 is a general comparison of some of the tablet presses currently
available and is not all inclusive.

Vil, PERSONNEL
A. Training

Operators

This group includes the mixing and granulating operators and the compres-
sion operators. The training of the mixing and granulation operators
should include the following:

1. Cleaning procedures

2. Familiarization with and ability to identify the codes and names of
the raw materisls being used in the product being mixed

3. Proper label control and reconciliation

4, Handling, usage, and operation of equipment in area

5. Proper handling of raw materials in each operation

6. Importance of precise mixing times and geometric dilutions

7. Proper labeling and handling of mixed materials

8. Quality assurance and validation procedures

9. Tpraining to observe and look for foreign matter in the raw
materials

10. Product reconciliation

11. Ability to check mathematics required by the formula

The training of the compression operators should include the following:

[y

Cleaning procedures

Ability to identify and distinguish from quarantine and released
materials

Proper label control and reconciliation

Handling, usage, and operation of equipment in the area
Proper handling and hopper loading of mixed material

Proper handling of bulk tablets produced

Quality assurance and validation procedures

Training to observe and look for foreign matter in the mixed ma-
terial and bulk tablets

9. Product reconciliation

10. Ability to check mathematics required by the formula

o]
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Mechanics

Mechanics have specialized training in addition to the same training as the
operators. During their setup operation, mechanics operate the machine
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and, also during periods where there are no setups to be performed, they
may be asked to operate a machine. The training of mechanics, in addi-
tion to operator training, should therefore include the following:

Cleaning procedures for tooling and machinery
Breakdown and setup of machinery

Complete operation of the machines

Proper handling of the tooling

Theory behind computer-controlled tablet presses
Setup and control of ecomputerized units
Maintenance and repair of machinery
Troubleshooting of machinery

CO -3 O U1 i L0 DD b
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Supervisors

Supervisors need to have the necessary training and background to lead
and direct their operators and mechanics. They must have an intimate
knowledge and preferably some hands-on experience of the operators' and
mechanics' jobs. In addition, supervisors must also possess the super-
visory skills necessary to maintain the high standards demanded by the
pharmaceutical industiry.

In addition to the job-specific responsibilities outlined above, all manu-
facturing employees must be versed and trained in CGMPs and in the ap-
propriate standard operating procedures (SOPs) governing their area.

VIill. ROLE OF MANUFACTURING

A. Marketing Support

Marketing is usually the only orgsnizational link to the customer, and any
feedback on the sales impact of quality and delivery comes through as
merketing requests. Also, the direction that applied R&D takes should be
driven by the marketing function., Marketing should encourage the de-
velopment of products that would generate the highest potential revenues
with the greatest margin. Each product developed or produced should fit
into an overall marketing plan. Without insight to the marketing plan, the
R&D and Production Departments might question the wisdom of their direc-
tions, creating unnecessary, undesirable boundaries between departments.

The importance of marking to an organization is obvious. However,
the importance of accurate, timely information from marketing to various
other departments cannot be stressed enough. The role of manufacturing,
therefore, is to support the marketing function. Successful support might
be defined by improving quality, reducing manufacturing lead times, low-
ering costs, and hastening manufacturing response to changing demands.
The role of all other departments in the organization is to support, in one
way or another, manufacturing [7].

B. The Production Plan

A finished goods requirements plan should drive the master production
schedule, which provides a detailed action plan from placing purchase
orders to final packaging schedules.
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The master schedule is the operations statement for production and re-
lated activities. It is a positive commitment to perform certain activities
within the required time span. In the packaging area, the master schedule
states that the Packaging Department will package X amount of a put-up
during week N on day Y. In order to fulfill this commitment, the Quality
Control Department must release the bulk during week N-1. For quality
control to meet its commitment, the Manufacturing Department must have
the bulk produced in time for the former to perform its functions. In
order for the Manufacturing Department to produce the product, approved
materials must be available X number of weeks before the manufacturing is
to be completed, the number of weeks being dependent on the manufactur-
ing cycle time (including dispensing time). Having approved material
available to manufacturing requires that quality control perform their
analysis in the stated time span for quality control lead time, For this to
happen the material must be received as scheduled. The Purchasing De-
partment must, therefore, place the order X weeks before the material is
to be received, where X is the vendor lead time. Purchasing must slso
follow up with the blendor to assure the material will be received on time.
If the material is rejected, purchasing must issue a replacement order. In
order for purchasing to issue the order on time, production planning must
requisition the material at least 1 week before the order is to be placed.

Given the large number of components and materials involved in pharma-
ceutical production operations, the task of manusally performing the above
"time-phasing" routine would be virtually impossible. This time phasing of
the production, quality control, and purchasing processes is one of the
functions performed by materials requirement planning (MRP).

C. Materials Requirement Plan

Materials requirement planning starts with the master schedule. Using the
bill of materials, lead time, capacities, and other product-related database
information, together with information on inventory, open production orders,
and open purchase orders, the materials requirement planning system will
determine the quantity of materials and the date they are needed for each
phase of the production process. The logic used in making the determina-
tion is basically the same as that described under the master schedule.
The master schedule states which put-ups are scheduled to be packaged
during the weekly time periods. By applying the bills of material for the
put-ups to the quantities to be packaged, the system can determine the
quantities of packaging components and bulk that are needed. Working
within the established lead times, the system will show a demand for the
items in the correct time segment. In turn, the system will plan replace-
ment orders to maintain specified levels of inventory. The planned order
will be shown as being available in the time frame needed and will be
placed "on order" by considering the purchasing, production, and quality
control lead times. The procedure is carried out for each phase of pro-
duction and the release of a planned order at one level generates require-
ments at the next level. For example, if finished products were assigned
to 0 level code, items used to produce finished stock would be assigned a
1, products used to produce bulk would be assigned a 2, and so on until
the purchased materials are reached.



Tablet Production 413

The MRP lends itself well to computerization and can perform other
functions, such as alerting management to items with excessgive inventory.
It can suggest corrective actions (such as delaying or canceling open
orders) and can predict inventory levels and investments for each time
period in the planning horizon [2].

D. Production Scheduling

All of the elements previously described could be categorized as planning
elements. From the planning phase one must move into the execution
phase, with the transition being supplied by the master schedule.

The development of a production schedule is of prime importance be-
cause this is the basic means for monitoring production activities, Progress
can be checked and results reported based on the production or planning
period. The production planning schedule forms a basis for decision
making during the production cycle. Production scheduling is one of the
most detailed and demanding tasks in the organization.

Scheduling may be performed in an adequate manner either manually or
mechanically, depending on the size and scope of the organization. Any
scheduling system requires basic input data from the production plan con-
gisting of What?, When?, and How many? Regardless of the circumstances,
monitoring production activities with the production schedule becomes the
key to successful fulfiliment of the production plan., This is the method by
which control is exercised over the production operation. A proper sched-
ule can optimize production and inventory costs by proper sequencing of
order quantities and time phasing. No matter how small the organization,
the development of a sound production schedule is a tool which cannot be
neglected. The production schedule is the cement which creates the
foundation for an effective production organization that can meet sales
demands.

IX. INDUSTRY OUTLOOK

The advances over the next decade in equipment, design, instrumentation,
and process control techniques will certainly be significant. The nature
of these advancements are difficult to predict. Certainly, computer-inte-
grated manufacturing will come into its own in the pharmaceutical manu-
facturing industry as a whole and most assuredly in tablet production.
Statistical process-control techniques will become widespread throughout
the industry. Numerous data-collection devices and computer systems are
currently available and in use as a means of implementing statistical process
control. Computer-controlled tablet presses and automated material
handling devices are available that virtually remove the operator from the
need to control the operation.

The general state of the industry is that there exists many islands of
automation. The challenge for the future is to first integrate these
islands with a computer network so that process data can be easily col-
lected, and so that the inventory position and scheduling can be optimized
on a real-time basis. The second challenge is that of validation of these
systems to the complete satisfaction of the individual manufacturers and of
the U.S. Food and Drug Administration.
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The authors stated in the introduction to this chapter that "ours is an
evolving technology-based science that requires canstant attention.” With
this in mind, the professionals of our industry must stay abreast of cur-
rent practices and recognize the emerging trends. Only in this way, will
the indusiry continue to be profitable and provide an important service in
an increasingly competitive worid market.

APPENDIX: LIST OF SUPPLIERS

A C Compacting Presses Holland-McKinley
North Brunswick, New Jersey Malvern, Pennsylvania
Aeromatic, Inc. Indupol Filtration Assoe., Ine.
Towaco, New Jersey Cresskill, New Jersey (Torit)
Alexanderwerke Inppec, Inc,
Remscheid, West Germany Milford, Connecticut (Kilian)
Bepex Corp. J. H. Day Corp.
3 Crossroads of Commerce Cincinnati, Ohio
Rolling Meadows, Ilinois

Jaygo, Inc.
Charles Ross & Son Co. Mahwah, New Jersey

Hauppauge, New York

Kemutec, Inc.
Diosna Bristol, Pennsylvania
Osnabruck, West Germany

Korsch Tableting, Inc.
Elizabeth Hata Int., Ine. Somerset, New Jersey
North Huntingdon, Pennsylvania

Lightnin Mixing Equipment Co.
Fitzpatrick Corp. Rochester, New York
Elmhurst, Illinois

Littleford Bros., Inc.
Fluid Air, Inc. Florence, Xentucky
Napersville, @linois

Manesty, Thomas Engineering, Inc.

Gemeco (The General Machine Co. Hoffman Estates, Illinois
of N.J.)
Middlesex, New Jersey Marion Mixers, Inc.

Marion, Iowa
Glatt Air Techniques, Inc.
Ramsey, New Jersey Micropul
Summit, New Jersey
Gien Mills, Inc.
Maywood, New Jersey Millipore Corp.
Bedford, Massachusetts
Gral-Collette
Northbrook, [linois Mocon (Modern Conirols, Inc.)
Minneapolis, Minnesota
H. C. Davis Sons Mfg. Co., Inc.
Bonner Springs, Kansas



Tablet Production 415

Natoli Engineering Thomas Engineering, Inc.
Chesterfield, Missouri Hoffman Estates, Hlinois

Patterson-Kelly Co.

East Stroudsburg, Pennsylvania United Chemical Machinery

Supply, Inc.

Raymond Automation Co., Inc, Toms River, New Jersey

Norwalk, Connecticut
(Kikusui)
S. Howes Co., Inc.

Siiver Creek, New York Urschel Laboratories, Inc.

Scientific Instruments & Valparaiso, Indiana

Technology Corp.
Piscataway, New dJersey Vector Corp.
Marion, Iowa
Stokes-Merrill
Warminster, Pennsylvania
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The Essentials of
Process Validation

Robert A. Nash

St. John's University, Jamaica, New York

f. INTRODUCTION

The U.S. Food and Drug Administration (FDA) in its most recently pro-
posed guidelines has offered the following definition for process validation

[13:

Process validation is a documented program which provides a high
degree of assurance that a specific process (such as the manu-
facture of pharmaceutical sclid dosage forms) will consistently pro-
duce a product meeting its predetermined specifications and quality
attributes.

According to the FDA, assurance of product quality is derived from
careful! (and systemic) attention to a2 number of (important) factors, in-
cluding: selection of quality (components) and materials, adequate prod-
uct and process design, and (statistical) control of the process through
in-process and end-product testing.

Thus it is through careful design and validation of both the process
and its control systems that a high degree of confidence can be estab-
lished that all individual manufactured units of a given batch or succession
of batches that meet specification will be acceptable.

According to FDA's Current Good Manufacturing Practices (21CFR

211.110)

Control procedures shall be established to monitor output and to
validate performance of the manufacturing processes that may be
responsible for causing variability in the characteristics of in-

process material and the drug product. Such control procedures

417
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shall include, but are not limited to the following, where appro-
priate [2}:

Tablet or capsule weight variation

Disintegration time

Adequacy of mixing to assure uniformity and homogeneity
Dissolution time and rate

Clarity, completeness, or pH of solutions

m:l:-wwr-a

The first four items listed above are directly related to the manufacture
and validation of solid dosage forms. Items 1 and 3 are normally associated
with variability in the manufacturing process, while items 2 and 4 are
usually influenced by the selection of the ingredients in the product formu-
lation. With respect to content uniformity and unit potency control (item 3)
adequacy of mixing to assure uniformity and homogeneity is considered to
be a high-priority concern.

Conventional quality control procedures for finished product testing
encompass three basic steps:

1. Establishment of specifications and performance characteristics

2. Selection of appropriate methodology, equipment, and instrumenta-
tion to ensure that testing of the product meets specification

3. Testing of the final drug product, using validated analytical and
test methods in order to insure that finished product meets
specifications.

With the emergence of the pharmaceutical process validation concept, the
following four additional steps have been added

4. Qualification and validation of the processing facility and its
equipment

5. Qualification and validation of the manufacturing process through
appropriate means

6. Auditing, monitoring, sampling, or challenging the key steps in
the process for conformance to specifications

7. Requalification and revalidation when there is a significant change
in either the product or its manufacturing process [3]

I, TOTAL APPROACH TO PHARMACEUTICAL
PROCESS VALIDATION

It has been said that there is no specific basis for requiring a separate
set of process validation guidelines since the essentials of process valida-
tion are embodied within the purpose and scope of the present Current
Good Manufacturing Practices (CGMPs) regulations [2]. With this in mind,
the entire CGMP document, from subpart B through subpart M, may be
viewed as being a set of principles applicable to the overall process of
manufacturing, i.e., solid dosage forms or other drug products and thus
may be subjected, subpart by subpart, to the application of the principles
of qualification, wvelidation, control, as well as requalification and revalida-
tion, where appropriate. Although not a specific requirement of current
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regulations, such as comprehensive validation approach with respect to
each subpart of the CGMP document has been adopted by many drug

firms.

A checklist of validation and control documentation with respect to

CGMPs is provided in Table 1.

With the exception of subpart M (steriliza-

tion), the rest of the CGMPs are directly applicable to the manufacture of
solid dosage forms.

Table 1 Checklist of Validation and Control Documentation
Validation and control
Subpart Section of CGMP documentation

A Introduction Establishment of QA & PV functions

B Organization and Establishment and facility installa-
personnel tion and qualification [4,5]

Plant and facility installation and

C Buildings and qualification [4, 5]
facilities Maintenance and sanitation [6]

Microbial and pest control [7])
D Equipment Ingtallation and qualification clean-
ing methods [8]

E Control of raw mate- Incoming components [9]
nals,.m-process Manufacturing non-sterile products
material, product

[10]

F Production and Process control systems [11}
process controls (instrumentation and computers)

G Packapging and Depyrogenation, sterile packaging,
labeling controls filling, and closing [12,13]

H Holding and distribu- Facilities [14]
tion

1 Laboratory controls Analytical methods [15]

J Records and reports Computer systems [16]

K Returned and sal- Batch reprocessing [17]
vaged drug product

L Air and water Water treatment and steam systems

quality

air, heat, and vacuum handling
[18 —20]
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Table 1  (Continued)

Validation and control
Subpart Section of CGMP documentation

M Sterilization LVPs (21,22}
Autoclaves and process
Parametrics [23-25]
Aseptic facilities [26]
Devices [27]
Sterilizing filters [28,29]

Table 2 Process Validation Matrix or Checklist of Activities to be
Considered
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Personnel
{manpower)

(people systems)

Parts

{(components, in-
process, finished
product)

Process
{machines)

(buildings, facilities,
equipment, support
systems)

Procedures
(methods)

(manufacturing and
control, documenta-
tion, records)
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The CGMPs may also be viewed as consisting of the following four es-
sential elements:

1. Personnel. The people system and manpower required to carry
out the various tasks within the manufacturing and control
functions.

2. Parts. The raw materials and components used in connection with
the manufacture and packaging of the drug product as well as the
materials used in association with its conirol.

3. Process. The buildings, facilities, equipment, instrumentation,
and support systems (heat, air, vacuum, water, and lighting) used
in connection with the manufacturing process and its control.

4, Procedure. The paperwork, documentation, and records used in
connection with the manufacturing process and its control.

Thus the four elements of CGMPs listed above may be combined with
the four elements of pharmaceutical process validation (i.e., qualification,
validation, control, and revalidation) to form a 4 x 4 matrix with respect
to all the activities that may be considered in connection with the manu-
facture and control of each drug product. An example of such a process
validation matrix provides a simple checklist of activities to be considered
in connection with the general principles of process validation (Table 2).

1ll. ORGANIZING FOR VALIDATION
The mission of quality assurance in mogt pharmaceutical companies today

has grown in importance with the advent of process validation. The
process validation concept, which started as a subject noun (validation) in

Table 3 Specific Responsibilities of Each Organizational Structure within
the Scope of Process Validation

Engineering Install, qualify, and certify plant, facilities, equip-
ment, and support systems.

Development Design, optimize, and qualify manufacturing process
within design limits, specifications, and/or require-
ments. In other words, the establishment of process
capability information,

Manufacturing Operate and maintain plant, facilities, equipment. sup-
port systems, and the specific manufacturing process
within its design limits, specifications, and/or re-

quirements.
Quality Establish approvable validation protocols and conduct
assurance process validation by monitoring, sampling, testing,

challenging, and/or auditing the specific manufactur-
ing process for compliance with design limits, specifi-
cations, and/or requirements.

Source: Ref. 31.



Validation Progress Gantt Chart

Table 4
Qualification stage Validation stage
Key elements Design stage Installation Operational Prospective Concurrent
Facilities and equipment Engineering phase Manufacturing start-up
\ (Validation (Batch records and
validation documentation)

protocols)

Developmental phase ——= Scale-up phase ———— QA and manufacturing phase
(formula definition (process optimization (full production)
and stability testing) and pilot production)

Process and product

Time line for new product introduction
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the late 1970s, has been turned into an action verb (to validate) by the
quality assuance function of many drug companies. Quality Assurance was
initially organized as a logical response to the need to assure that CGMPs
were being complied with. Therefore, it is not surprising that process
validation became the vehicle through which quality assurance now carries
out its commitment to CGMPs [30].

The specifics of how a dedicated group, team, or committee is organ-
ized in order to conduct process validation assignments is beyond the
scope of this chapter. It is clear, however, that the following respon-
sibilities must be carried out and that the organizational structures best
equipped to handle each assignment is presented in Table 3.

The concept of divided validation responsibilities can be used for the
purpose of constructing a validation progress time chart (Table 4). Such
a chart is capable of examining the logical sequence of key events or mile-
stones (both parallel and series) that take place during the time course of
new product introduction and is similar to a Gantt chart consiructed by
Chapman [32].

In Table 4, facilities and equipment are the responsibility of Engineer-
ing and Manufacturing, while process and product are the responsibility of
the product and process development function(s). The engineering and
development functions in conjunction with quality assurance come together
to prepare the validation protocols during the qualification stage of prod-
uct and process development.

iIV. PROCESS VALIDATION —ORDER
OF PRIORITY

Because of resource limitation, it is not always possible to validate an en-
tire company's product line at once. With the obvicus exception that a
company's most profitable products should be given a higher priority, it is
advisable to draw up a list of product categories that are to be validated.

The following order of importance or priority with respect to validation
is suggested to the reader:

Sierile Products and Their Processes

1. Large-volume parenterals (LVPs)
2., Small-volume parenterals (SVPs)
3. Ophthalmics and other sterile products

Nonsterile Products and Their Processes

4. Low-dose/high-potency tablets and capsules
5. Drugs with stability problems

6. Other tablets and capsules

7. Oral liquids and topicals

V. PILOT—SCALE-UP AND PROCESS VALIDATION
The following operations are normally carried out by the development func-

tion prior to the preparation of the first pilot-production batch. The de-
velopment activities are listed as follows:
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Formulation design, selection, and optimization

Preparation of the first pilot-laboratory batch

Conduct initial accelerated stability testing

If the formulation is deemed stable, preparation of additional
pilot-laboratory batches of the drug product for expanded non-
clinical and/or clinical use

[

The pilot program is defined as the scale-up operations conducted sub-
sequent to the product and its process leaving the development laboratory
and prior to its acceptance by the full-production manufacturing unit.

For the pilot program to be successful, elements of process validation
(i.e., product and process qualification studies) must be included and com-
pleted during the developmental or pilot-laboratory phase of the work.

Thus product and process scale-up should proceed in graduated steps
with elements of process validation (such as qualification) incorporated at
each stage of the piloting program [33].

1. Laboratory Batch. The first step in the scale-up process is the
gelection of a suitable preliminary formula for more critical study and test-
ing based upon certain agreed-upon initial design criteria, requirements
and/or specifications. The work is performed in the development labora-
tory. The formula selected is designated as the (1X) laboratory batch.
The size of the (1X) laboratory batch is usually 3-—5 kg of a solid or semi-
solid, 3-5 liters of a liquid or 3080 to 5000 units of a tablet or capsule.

2. Laboratory —Pilot Batch, After the (1X) laboratory batch is de-
termined to be both physically and chemically stable based upon acceler-
ated, elevated temperature testing (i.e., 1 month at 45°C or 3 months at
38°C or 38°C/80% RH), the next step in the scale-up process is the prep-
aration of the (10X) laboratory —pilot batch. The (10X) laboratory —pilot
batch represents the first replicated scale-up of the designated formula.
The size of the laboratory —pilot batch is usually 30-50 kg, 30-50 liters
or 30,000 to 50,000 units.

It is ususlly prepared in small-size, pilot equipment within a desig-
nated CGMP approved sarea of the development laboratory. The number
and actual size of the laboratory —pilot batches may vary in response to
one or more of the following factors:

a. Equipment availability

b. Active drug substance availability

¢. Cost of raw materials

d. Inventory requirements for clinical and nonclinical studies

Process qualification or process capability studies are usually started in
this important second stage of the pilot program. Such qualification or
capability studies consist of process ranging, process characterization,

and process optimization as a prerequisite to the more formal validation
program that follows later in the piloting sequence.

3. Pilot Production. The pilot-production phase may be carried out
either as a shared responsibility between the development laboratories and
its appropriate manufacturing counterpart—or as a process demonstration
by a separate, designated pilot-plant or process-development function.
The two organizational piloting options are presented separately in Fig-
ure 1. The creation of a separate pilot-plant or process-development unit
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DEVELOPMENT > PILOT «> PRODUCTION
LABORATORY PLANT

JOINT PILOT OPERATION

Pilot Batch

/ Request \

DEVELOPMENT 4 D PRODUCTION

LABORATORY
\ Pilot Batch /

Completion Report

Figure 1 Main piloting options. (top) Separate pilot plant functions—
engineering concept. (bottom) Joint pilot operation.

has been favored in recent years for it is ideally suited to carry out
process qualification and/or validation assignments in a timely manner.

On the other hand, the joint pilot-operation option provides direct com-
munication between the development laboratory and pharmaceutical produc-
tion.

The objective of the pilot-production batch is to scale the produet and
process by another order of magnitude (100x) to, for example, 300500
kg, 300-500 liters, or 300,000-—500,000 dosage-form units (tablets or
capsules) in size. For most drug products this represents a full produc-
tion bateh in standard production equipment. If required, pharmaceutical
production is capable of scaling the product and process to even larger
batch sizes should the product require expanded production output. If
the batch size changes significantly (say to 500x or 1000x) additional
validation studies would be required.

Usually large production batch scale-up is undertaken only after prod-
uet introduction. Again, the actual size of the pilot-production (100x)
batch may vary due to equipment and raw material availability. The need
for additional pilot-production batches ultimately depends upon the sue-
cessful completion of a first pilot batch and its process validation pro-
gram. Usually three successfully completed pilot-production batches are
required for validation purposes.

In summary, process capability studies start in the development lab-
oratories and/or during product and process development continue in well-
defined stages until the process is validated in the pilot plant and/or
pharmaceutical production.

An approximate timetable for new product development and its pilot
scale-up program is suggested in Table 5,
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Table 5 Approximate Timetable for New Product Development and Pilot
Scale-Up Trials

Calendar

Event months
Formula selection and development 2--4
Assay methods development and formula optimization 2—-4
Stability in standard packaging 3-month read-out (1x size) 3~-4
Pilot-laboratory batches (10x size) 1-3
Preparation and release of clinical supplies (10x size) and 1-4
establishment of process qualification
Additional stability testing in approved packaging 3~-4

6 —8-month read-out (1x size)

3-month read-out (10x size)
Validation protocols and pilot batch request 1-3
Pilot-production batches (100x size) 1-3
Additional stability testing in approved packaging 3~4

9—-12-month read-out (1x size)

6 ~8-month read-out (10x size)

3-month read-out (100x size)
Interim approved technical product manual with approxi- 1-3

mately 12-months stability (1x size)

Totals 18 36

Vi. PROCESS CAPABILITY DESIGN
AND TESTING

Process validation trials are never designed to fail, Process validation
failures, however, are often attributable to an incomplete picture of the
manufacturing process being evaluated. Upon closer examination of the
problem, often failures appear to be directly related to an incomplete
understanding of the process's capability or that the process quelification
trials were not properly defined for the job to be done.

Process capability is defined as studies that are carried out io deter-
mine the critical process parameters or operating variables that influence
process output and the range of numerical data for each of the critical
process parameters that result in acceptable process output,

Thus, the objectives of process capability design and testing may be
listed as follows:

1. To determine the number and relative importance of the critical
parameters in a process that affect the quality of process output

2, To show that the numerical data generated for each critical
parameter are within at least statistical quality control limits (i.e.,
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13 standard deviations and that there is no drift or assignable
cause of variation in the process data

If the capability of a process is properly delineated, the process should
consistently stay within the defined limits of its critical process parameters
and product characteristics [34].

Process qualification, on the other hand, represents the actual studies
or trials conducted to show that all systems, subsystems, or unit opera-
tions of a manufacturing process perform as intended. Furthermore, that
all critical process parameters operate within their assigned control limits
and that such studies and trials, which form the basis of process capa-
bility design and testing, are verifiable and certifiable through appro-
priate documentation. Process qualification is often referred to as Opera-
tional or Performance Qualification.

The manufacturing process is briefly defined as the ways and means
used to convert raw materials into a finished product. The ways and
means also include: people, equipment, facilities, and support systems
that are required in order to operate the process in a planned and an
effectively managed way. Therefore, let us assume that all people, equip-
ment, facilities, and support systems that are required to run the process
qualification trials have been themselves qualified and validated beforehand.

The steps and the sequence of events required in order to perform
process capability design and testing are outlined in Table 6.

Using the basic process for the manufacture of a simple tablet dosage
form, we will attempt here to highlight some of the important elements of
the process capability and qualification sequence.

1. Basic information is obtained from the (1x) size laboratory
batch.

a. Quantitative formula is scaled to (10x) size batch and rationale for
inert ingredient selection provided.

b. Critical specifications, test methods, and acceptance criteria for
each raw material used in the formula are provided.

c. List of proposed specifications, test methods, and acceptance cri-
teria for the finished dosage form are provided.

d, Interim stability report on (1x) size laboratory batch is provided.

e. Detailed operating instructions for preparing the (10x) size batch
are provided.

2. Preparation of a simple flow diagram of the process should be pro-
vided. A good flow diagram should show all the unit operations in a
logical sequence, the major pieces of equipment to be used, and the
stages or operations at which the various ingredients are added. The
flow diagram, shown in Figure 2, outlines the sequence of unit opera-
tions used to prepare a typical tablet dosage form by the wet granulation
method. In Figure 3, the enclosed large rectangular modules represent
the various unit operations in the manufacturing process. The arrows
represent transfers of material into and out of each unit operation. Each
large rectangular module or box indicates the particular unit operation,
the major piece of processing equipment employed, and the facility in
which the operation takes place. The sequential arrangement of unit
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Protocol for Process Capability Design and Testing

Objective of piloting
program

Types of process
Typical processes

Definition of process

Definition of process
output

Definition of test
methods

Analysis of process

Review and sanalysis of
data

Pilot batch trials
Pilot batch replication

Need for process capa-
bility redefinition

Process capability of
evaluated process

Final report and
recommendations

Process capability design and festing

Batch, intermittent, continuous
Chemical, pharmaceutical, filling, and packaging

Flow diagram, equipment/materials in-process,
finished produect

Potency, yield, physical parameters

Methods, equipment, calibration traceability,
precision, accuracy

Definition of process variables, influence
matrix, fractional factorial analysis

Data plot (x—y plots, histogram, control
chart) time sequence, sources of variation

Define stable/extended runs, define sample
and testing, remove sources of variation

Different shifts and days, different materials,
different facilities and equipment

Data analysis, modification of influence matrix,
reclassification of variables

Stability and variability of process output, con-
formance to defined specifications, economic
limits of process

Recommended SOP, limits on process adjust-
ments, recommended specifications

operations should be analogous to the major sequential steps in the oper-
ating instructions of the manufacturing process.

3. Using the flow chart (Fig. 2) as a guide, a list of process or con-
trol variables are next drawn up for each unit operation or step in the

process.

assigned to each process variable.

A test parameter or response to be objectively measured is then

The control parameters (i.e., process

variables plus their test parameters) for the manufacture of compressed

tablets by the wet granulation method are shown in Table 7.

According to

the data presented in Table 7, there are six unit operations or processing
steps, with from two to five process variables for each unit operation and,
with the exception of tablet compression (finished tablet analysis), one

key test parameter for each of the processing steps.

Please note that the

first unit operation, i.e., the weighing of active and inert ingredients,

was eliminated from Table 7.
tion in all manufacturing processes.

Weighing operations are a general considera-
Balances and measuring devices are

normally qualified and validated separately on a routine basis as required

by CGMP's guidelines.
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Figure 2 Process flow diagram for the manufacture of a tablet dosage
form by the wet granulation method.

PREBLENDING DRYING BLENDING
%13 %Lo11 % 1517
speed temp speed
load size load
time time time
DOSE
UNIFORMITY
vi
rate
speed force
speed
rate
ABLE'I‘ING
'JC 12—14 % 18,19

Figure 3 A simple "fishbone" diagram of the processing steps and in-
process variables during tablet menufacture that may influence the quality

and consistency of final product-dose uniformity. 29
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Table 7 Control Parameters for the Manufacture of a Tablet Dosage Form
by the Wet Granulation Method

Unit operations Process variables Test parameters

Preblend powders Blending time Assay for blend uniformity
Blender speed

Load size

Granulate blend Granulating time End-point by wattmeter
Granulator speed
Load Size
Liquid addition rate

Amount of liquid

Dry granulation Drying time Moisture content
Inlet temperature
Load size

Size granulation Feed rate Granule size distribution
Mill speed

Screen size

Blend mix Blending time Assay for blend uniformity

Blender speed

Load size

Compress tablets Compression force Dose uniformity
Press speed Weight uniformity
Dissolution time Dissolution time

Disintegration time

Hardness

4, The gquestion arises, how do we determine which process variables
and/or unit operations are critical with respect to the product outcomes or
attributes (i.e., dose uniformity, weight variations, dissolution time, dis-
integration time, and tablet hardness)? Even among these finished tablet
attributes, dose uniformity (potency), dissolution time, and/or tablet hard-
ness are usually considered to be more important than weight uniformity
or disintegration time.

In order to determine the critical process parameters, process char-
acterization and process ranging studies should be carried out in connec-
tion with the performance qualification trials. Process characterization
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represents the methods used to determine the critical processing steps and
process control variables that affect the quality and consistency of the
product outcomes or attributes. While process ranging represents the
studies that are used to identify the critical process or test parameters
and their respective control limits which also will affect the quality and
consistency of the product outcomes or attributes.

There are several ways to determine the critical processing steps and
processing variables that influence product outcomes. One of these, is
to construct a cause and effect or "fishbone" diagram [35].

VIil. CAUSE-AND-EFFECT OR "FISHBONE"
DIAGRAM

The "fishbone" diagram represents all possible relationships and inter-
relationships that may exist among the various process variables (possible
cauges) and the single response or product attribute (effect) affected dur-
ing the manufacture of a tablet dosage form by the wet granulation meth-
od. The central line of the cause and effect diagram shown in Figure 3 is
a composite of gll the possible factors (19 in all) that may influence the
quality and consistency of dose uniformity of the tablet (y; response).
Branches off the central line represent the influence of the six unit op-
erations or process steps. The principle process variables for each
process step that can cause or influence the final outcome are depicted as
sub-branches off each of the six main branches. The diagram shows six
possible critical process steps and 19 possible critical process variables.

If required and using the same 19 factors, similar "fishbone" diagrams
could also be constructed for dissolution time (y9 response) or tablet
hardness (yg3 response).

The unit operations are next broken down into six subsystems for
cause and effect analysis. Where the process variables have been de-
scribed previously and the test parameters listed in Table 7 now serve as
the measured output response (effect) to the various input control var-
iables (causes). In the case of tablet compression, where there are only
two key input variables (compression force and press speed) and five
possible output responses to select from (dose uniformity, weight varia-
tion, dissolution time, disintegration time, or tablet hardness) from experi-
ence, tablet hardness is often chosen as the most representative test
parameter for tablet compression analysis.

VIII. CONSTRAINT ANALYSIS

The factor that makes the subsystem evaluations and performance qualifica-
tion trials manageable is the application of constraint analysis. Boundary
limits of the technology and restrictions as to what constitutes a well-
blended powder, a well-formed granule, or a well-made tablet will often
constrain the number of process variables and product attributes that re-
quire analysis. Constraint analysis will also limit and restrict the opera-
tional range of each process variable or the specification limits of each
product attribute.

Take, for example, the fluid-bed drying of the wet granulation. The
inlet temperature for producing rapid drying of granules without exposing
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Table 8 Constraint Analysis of the Key Process Variables Required in
the Manufacture of & Tablet Dosage Form by the Wet Granulation Method

Control Hmits

Unit operations Process variables Lower Upper
Preblending Blending time (at 10 min 20 min
8 RPM and 50% load)
Granulating Impeller speed 200 RPM 400 RPM
Chopper speed 2000 RPM 4000 RPM
Granulating time
(rapid addition of
5 liter of water)
Drying Inlet temperature 50°C 60°C
Air velocity ratio 7 CFM/Ib 10 CFM/lb
Drying time 20 min 40 min
Sizing Mill speed 1200 RPM 5400 RPM
Feed rate (knives 500 g/min 1000 g/min
forward, no screen)
Blending Blending time (at 10 min 20 min
8 RPM and 50% load)
Tabletinga Compresgion force 1500 ib 2500 1b
Press speed 32 RPM 68 RPM

(7/32-13/32-in,
oval punches)

8Data from the work of Williams and Stiel [36].

the material to undue thermal stress may range between 50 and 60°C.
The air velocity per load ratio may renge between 7 and 10 CFM/Ib,
Therefore, setting inlet air temperature at 55 * 2°C and incoming air vel-
ocity per load at 8.5 + 0.5 CFM/lb should, in most cases, produce ac-
ceptable product (i.e., moisture content below 2%) in a usual drying time
Conducting qualification trials, with different lots of
raw material on different days while exercising contro! of the inlet air
temperature and air velocity, may be all that is required in order to qual-
ify the drying step in the manufacturing process.
Uging the constraint analysis concept, the practical upper and lower
control limits for each of the key process variables associated with each
of the unit operations required to meke simple uncoated tablets by the
wet granulation method are presented in Table 8.

of 30 min + 10 min.
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Table 9 A simplified Analysis of the Input-Qutput Values Expected
During the Manufacture of a Tablet Dosage Form by the Wet Granulation
Method
Unit Key process Selected Measured Expected
operations variables inputs responses outputs
Preblending Blend time 15 min Blend uni- 95-105%
formity L.P.
Granulating Impeller speed 300 RPM Moisture 25-35%
Chopper speed 3000 RPM content
Granulating time 4 min
Drying Inlet tempera- 55°C Moisture Less than
ture content 2%
Air velocity 8.5 CFM
Drying time 30 min
Sizing Mill speed 2700 RPM Granule size Majority
ibuti -6
Feed rate 750 g/min distribution 40—-60 mesh
Blending Blend time 15 min Blend uni- 95—-105%
formity L.P.
Tableting Compression 2000 1b Dose uni- 95-105%
force formity L.P.
Press speed 48 RPM Dissolution t90%
time NMT 15 min
Tablet hard- 14-18 SCU

ness

A comparison of the process variables listed in Table 7 and in

Table 8 indicates that application of constraint analysis reduced the num-
ber of key process variables by seven from 19 to 12. Next, using the
meen or central value in the range that lies between the control limits for
each key process variable or control parameter, Table 9 was constructed
containing average input values for each control parameter and the ex-
pected output response for each unit operation and the final finished

tablet.

IX. QUALIFICATION TRIAL OPTIONS

There are several ways to carry out the process capability qualification
trials. The options are discussed as follows:
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A. Replication of Optimum or Midrange Values

Using the selected midrange input values presented in Table 9, the
process may be run as a pilot-laboratory bateh (10x-size) in accordance
with an agreed upon standard operating procedure and the protocol for
in-process testing. Expected outputs are then measured after each unit
operation and if the results are within in-process specifications, the
process is permitted to continue to the next processing step. After tablet
compression has been successfully completed (i.e., tablet hardness, tablet
weight, and tablet dimensions are within specifications), representative
sample of final finished tablets are next subjected to end produect testing
for dose uniformity and complience with established dissolution time speci-
fications. Having completed an acceptable run, the process may be re-
peated several times more in order to establish process reproducibility,

In the course of this work, if one or more of the processing steps
fail to comply with the expected in-process outcomes, additional develop-
ment time will be spent to get these particular unit operations up to
standard operating conditions., The first option is, therefore, a simple
go—no go approach, where the process qualification proceeds upon the
completion of each unit operation and each pilot batch. In this simple,
straight-forward qualification procedure, control limits are never tested
and critical steps in the overall process are never fully established.

B. Fractional Factorial Design

An experimental design is a series of statistically sufficient qualification
trials that are planned in a specific arrangement and include all processing
variables that can possibly affect the expected outcome of the process
under investigation. In the case of a factorial design, n, equals the
number of factors or process variables, each at two levels (i.e., the
upper- and lower-control limits). Such a simple design is known as a 2
factorial, Using the process variables found in Table 8 we could, for ex-
ample, run 212 or 4096 qualification trials.

The fractional factorial is designed to reduce the number of qualifica-
tion trials to a reasonable number, say eight, while holding the number
of processing variables to be evaluated to a reasonable number as well,
again eight. The technique was developed as a nonparametric test for
process evaluation by Box and Hunter [37} and reviewed by Hendrix
[38].

Each processing variable, however, is studied at both its control
limits, The positive (+) symbol is used for the upper control limit and
the negative (—) symbol is used for the lower control limit, In this way
a full factorial of 28 may be reduced from 256 experiments to only eight
(see the design in Table 10).

Following the design, eight pilot-laboratory batches (10x-gize) are
next prepared for testing and eveluation. Trial No. 1 is run where each
process variable X, through Xg is at its lower control limit (LCL), while
in trial No. 8 each process variable is at its upper control limit (UCL).

The design is so constructed that the total number of +'s and —'s are
the same for each process variable (4&4). With the exception of trail
No. 1 and No. 8, the total number of +'s and —'s is also the same for
each trial run (4&4).
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Table 10 Fractional Factorial Design (8 Variables in 8 Experiments)

Trial

No. X1 XZ X, X4 X5 X6 X7 X8
1 - - - - - - - -
2 + - - - - + + +
3 - + - - + - + +
4 - + - + - + — +
5 + - + - + - + -
6 - + + + + - - -~
7 + - + + - + - -
8 + + + + + + + +

Next eight pilot-laboratory batches (10x size each) of tablets are pre-
pared following the design given in Table 10 and the conditions established
for each trial run in Table 11. For example, according to the conditions
established for trial No. 4, powder preblend time is 10 min, granulating
time is 5 min, inlet temperature in the dryer is set at 50°C, mill speed is
set at 5400 RPM, feed rate to Fitzmill is 500 g/min, blend time is 20 min,
compression force during tableting is 1500 b, and press speed is set at
68 RPM.

Table 11 Process Variables and Control Limits Selected for
Fractional Factorial Design of Eight Qualification Trials

Process variable LCL () UCL (+)
X1 Preblend time 10 min 20 min
X2 Granulating time 3 min 5 min
X3 Inlet temperature 50°C 60°C
X 4 Mill speed 1200 RPM 5400 RPM
X Feed rate 500 g/min 1000 g/min
X 6 Blend time 10 min 20 min
X7 Compressfon force 1500 1b 2500 1b
X8 Press Speed 32 RPM 68 RPM
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Focusing our attention on the key processing variables listed in
Tables 8 and 9, the number selected for analysis have been reduced to
eight in the following manner:

X, = preblend time
= granulating time (at 300 RPM and 3000 RPM)
= inlet temperature (at 8.5 CFM)
= mill speed
= feed rate
= blend time

= compression force

Mo P M M M M
TG S N XA Y

g = press speed

The processing conditions to be evsaluated using a fractional factorial ex-
perimental design are presented in Table 11,

When all trial runs have been completed, the finished tablets are then
subjected to end-product testing for compliance to content uniformity,
weight uniformity, tablet hardness, disintegration time, and dissolution
time specifications. Tablet hardness data were chosen for analysis of
fractional factorial experimentsal design for the following reasons:

1. A direct correlation between tablet hardness and dissolution time
had been previously established for the product

2. Variability for tablet hardness among trial runs was greater than
for the other output parameters

3. Four batches (trial Nos. 3, 4, 5, and 7) were out of specification
with respect to the proposed limits for tablet hardness (i.e., not
less than 12 SCU and not more than 18 SCU)

The results of the analysis of the tablet hardness data are presented in
Table 12.

Simple analysis of the data presented in Table 12 reveals the following
useful information:

1. The mean tablet hardness for all {rial runs is 14 SCU. Three
batches (Nos. 1, 4, and 7) fall below this mean, while three batches
(Nos, 3, 5, and 8) are above the meen. Two batches (Nos. 2 and 6)
have a mean value of 14 SCU. The batches appear to be normally dis-
tributed about the value 14 SCU.

2. If the process variables (Xs) have no effect on the process out-
come and if the experimental design is reasonably balanced, one would
expect that the contrasting sum of + and — tablet hardness values in each
process variable column would approach a minimum numerical value and that
the resultant average contrasting sum would approach a value of zero.
Therefore on this basis, the following process variables appear to have
little or no effect upon tablet hardness. These variables are preblending,
granulating, drying, and press speed. On the other hand, the following
process variables appear to influence the outcome, i.e., tablet hardness.
These latter variables are mill speed and feed rate during comminution,
blending time during lubricant addition, and compression force during
tableting.



Table 12 Nonparametric Analysis of Fractional Factorial Experimental Design Using Tablet Hardness as the Measured
Response

Tablet

Trial No. Xl X2 X 3 X4 X5 X 6 X7 X8 hardness
1 -13 -13 -13 -13 -13 -13 -13 -13 13
2 +14 -14 -14 -14 -14 -14 -14 -14 14
3 —-18 +18 —18 -18 +18 -18 +18 +18 18
4 -10 +10 -10 +10 -10 +10 - 10 +10 10
5 +17 -17 +17 —-17 +17 -17 +17 -17 17
6 —14 +14 +14 +14 +14 -14 -14 —-14 14
7 +11 -11 +11 +11 -11 +11 -11 -11 11
8 +15 +15 +15 +15 +15 +15 +15 +15 15

Sum of column +2 +2 +2 -12 +186 -12 +16 +2

Sum/4 +0.5 +0.5 -3.0 +4.0 -3.0 -3.0 +4.0 +0.5

uo1IDPIDA 859004 JO SP1IULSSY YL

aUas;ing a calibrated electronic hardness tester, mean of 20 representative tablets (rounded to 2 significant numbers) is
reported in Strong Cobb Units (SCU).

The sum of each column is divided by 4, since there are 4 values at each control limit (i.e., 4+'s and 4-'s).

LEF
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3. The overall design does not balance to zero because there is a
constant +2 for each process variable. Since there are, this is due to the
fact that in our design eight —13s in trial No. 1 and eight +15s in trial
No. 8 were created.

The advantage of the fractional factorial experimental design is that,
using No. 8 gualification trial, eight important process variables were
tested at both their lower and upper control limits. In addition, three
processing steps [dry milling, lubricant addition (blending), and tablet
compression] were all shown to be critical with respect to a measured re-
sponse, namely tablet hardness. Since tablet hardness also influences
tablet dissolution, this second outcome was also indirectly evaluated by the
experimental design chosen.

Using a larger fractionsl factoriel experimental design, 12 or even 16
process veriables could be tested by expanding the qualification trials to
say 12 or 16 pilot runs. But in practice, eight pilot-laboratory batches
is most likely the maximum number that is reasonable to produce for this
purpose. Those unit operations that were found, by fractional factorial
experimental design, to be critical with respect to process capability de-
sign and testing (size reduction, blending, and tablet compression) could
then be subjected to more extensive investigation during the laboratory
stage of product and/or process development.

C. Optimization Techniques

Optimization techniques are used to find either the best possible quantita-
tive formula for a product or the best possible set of experimental condi-
tions (input values) that are needed to run the process. Optimization
techniques may be employed in the laboratory state to develop the most
stable, least sensitive formula, or in the qualification and validation stages
of scale-up in order to develop the most stable, least varisble process
within its proven acceptable range(s) of operation, Chapman's so-called
PAR principle [39]

Optimization techniques may be classified as Parametric Statistical
Methods and Nonparametric Search Methods,

Parametric Statistical Methods

Parametric Statistical Methods, usudlly employed for optimization, are
full-factorial designs [40], half-factorial designs [41], simplex design [42],
and Lagrangian multiple-regression analysis [43). Parametric methods are
best suited for formula optimization in the early stages of product develop-
ment. The application of constraint analysis, which was deseribed pre-
viously, is used to simplify the testing protocol and the analysis of ex-
perimental results.

The steps involved in the parametric optimization procedure for phar-
maceutical systems have been fully described by Schwartz [44]. The
optimization technique consists of the following essential operations:

1. Selection of a suitable experimental design
2. Selection of variables (independent Xs and dependent Ys) to be
tested



The Essentials of Process Validation 4389

Table 13 Results of a Three-Components Simplex Design for Tablet
Hardness

Transformed Average
Excipient components proportions tablet
hardness
Run no. X1 X, X3 X1 X, X3 (8CU)
1 55 10 10 1 0 ] 6.1
2 10 55 10 ] 1 0 7.5
3 10 10 55 ] 0 1 5.3
4 32.5 32.5 i0 0.5 0.5 0 6.6
5 32.5 10 32.5 0.5 0 0.5 6.4
6 10 32.5 32.5 0 6.5 6.5 6.9
7 25 25 25 0.33 0.33 0.25 7.3
8 32.5 21.25 21.25 0.5 0.25 0.25 7.2

3. Performance of a set of statistically designed experiments (i.e.,
23 or 32 factorials)

4, Measurement of responses (dependent variables)

5. Development of a predictor, polynomial equation based upon sta-
tistical and regression analysis of the generated experimental data

6. Development of a set of optimized requirements for the formula
based upon mathematical and graphical analysis of the data gen-
erated

According to Bolton, one of the most useful methods of defining op-
timal regions of formulation characteristics is based upon the application
of simplex matrix design [45]. For example, formulations may be con-
structed, using constraint analysis, so that the total amount of excipients
(Xs) to be added to the powder mix is never more than 75 mg of a total
tablet weight of 300 mg. A brief ouiline of the simplex technique, used in
connection with this example is shown in Table 13.

In the transformations shown in Table 13, the highest excipient con-
centration, 55 mg, is assigned a value of one and the lowest excipient
concentration, 10 mg, equals 0 is assigned a value of zero. Coefficients
for X1, X2, and X3 in the following polynomial equation are the hardness
values from run Nos. 1, 2, and 3. Simple equations for calculating coef-
ficients for the following terms: X1 X3, Xj X3, X2 X3, and X1 X2 X3
are given in the reference [45].

where

Y=61X, +75X +5.3X3—0.8X1X2+2.8X1X +2.0X2X

1 2 3 3

+ 15 X1 X2 X3
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Example (run no. 8):

Y = 6.1 (0.5) + 7.5 (0.25) + 5.3 (0.25) — 0.8 (0.125) + 2.8 (0.125)
+ 2 (0.0625) + 15 (0.03125)
Y = 3.05+ 1.875 + 1.325 — 0.1 + 0.35 + 0.125 + 0.47 = 7.1

The best tablet hardness (7.4 value SCU) containing all three excipients
is obtained at X1 = 0.25, X9 = 0.5, and X3 = 0.25, where X1 = 18.75 mg,
X9 = 37.5 mg, and X3 = 18.75 mg.

Nonparametric Search Methods

Nonparametric Search Methods are relatively simple technigques used to fine-
tune or optimize a process by varying the critical process parameters that
were found during the qualification and validation stages of process de-
velopment. The procedure is so constrained that no process variable is
ever permitted to exceed its lower or upper control limit. In searching a
given process, it is assumed that there is optimum peak (set of experi-
mental conditions or inputs) where the process operates most efficiently.
There are two basie search methods that are used for this purpose. The
first method is called evolutionary operation (EVOP) and a second method
is called random evolutionary operation (REVOP). The difference between
the two methods, EVOP and REVOP, is not objectivity but simplicity of the
experimentsal design chosen.

Process Improvement Through EVOP

The process variables whose perturbation or slight change might lead to
improvement in process performance are usually identified during the quali-
fication trials where the operational and control limits for the process

have been developed. Next, initial perturbation steps away from the pres-
ent operational inputs are selected for each of the critical process variables.
These steps must be sufficiently small so that no input goes beyond the
control limits of the process and no output goes out of product and process
specification. In the traditional box EVOP design [46] a simple {wo-factor,
two-level design is created about the present condition or input values (see
Fig. 4).

Analysis of the data presented in Figure 4 shows that the path of
steepest ascent to improve tablet hardness is in the direction of run No. 1
to run No. 4, which is a change of +3 SCU in tablet hardness. A second
two-faetor, two-level box is constructed about run No. 4 where one corner
of the box is the original condition, run No. 1. Following the same pro-
cedure, a series of from 8 to 24 runs, using the path of steepest ascent,
is usually required to ascertain the optimum input values for tablet hard-
ness and rapid tablet dissolution.

By using a simplex EVOP design [47] where connecting triangles are
created from 2 additional experimental conditions, it is possible to com-
plete the optimization search in fewer trial runs than Box EVOP (see
Fig. 5).

Process Improvement Through REVOP

Random evolutionary operation (REVOP) is a comparatively little-used
method for process and product optimization {48]. The technique,
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Figure 4 Optimization by box Evolutionary Operation. Tablet hardness
(SCU shown in parenthesis). Optimum conditions (2000 1bs and 6 min).

developed by F. E. Satterthwaite, employs a random direction of move-
ment under constraint analysis to discover a probable pathway of ascent
to peak process performance. If the linear direction chosen is not prom-
ising, the direction is reversed and the opposite pathway is chosen in an
effort to improve performance. Movement continues along the new path in
direction previously established, as long as the results are positive.
Movement will then proceed at right angles when progress ceases on the
previously chosen pathway. Peak performance is almost always achieved
in less than 20 triasls runs (see Fig. 6).

In summary, process capability studies and qualification trials should
be underaken during the first stage of pilot scale-up, i.e., with the prepa-
ration of the pilot-laboratory batch (10x) size). The objective of such

3000 |— (6) (20) out of specs
2500 —
2000 —

1500 |-

Compression Force (Ibs.) X,

| O IR SN ISV R M
¢ 3 6 95 13 15 18 21

Blend Time (min.) X,

Figure 5 Optimization by simplex evolutionary operation. Tablet hard-
ness (SCU) shown in parenthesis.
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Figure 6 Optimization by random evolutionary operation. Tablet hard-
ness (SCU) shown in parenthesis.

studies is to test the proposed upper and lower control limits and to de-
termine those critical processing steps and process variables that affect
end-product performance. In this connection, nonparametric methods,
such as fractional factorial experimental designs and search methods like
EVOP and REVOP should prove useful in connection with process optimiza-
tion and process capability testing which should be carried out prior to the
start of the more formal process-validation program.

X. PROCESS VALIDATION

The topic, process validation of tablets and other solid dosage forms has
been covered in separate articles by Nash [49,50], Simmons [51], von
Doehren et al. [52], Rudolph [53], and Avallone {10]. Chapman writes
about the possibility of conducting three different types of validation pro-
grams [39]. They may be defined briefly as:

1. Prospective Process Validation. Where an experimentsl plan
called the wvalidation protocol is executed (following completion of the guali-
fication trials) before the process is put to commercial use. Most valida~-
tion efforts require some degree of prospective experimentation in order to
generate validation support data.

2. Concurrent Process Validation. Establishing documented evidence
that the process is in a state of control during the actual implementation
of the process. This is normally performed by conducting in-process test-
ing and/or monitoring of critical operations during the manufacture of each
production batch.

3. Retrospective Process Validation. Where historic data taken from
the records of the completed production batches are used to provide docu-
mented evidence that the process has been in a state of control prior to
the request for such evidence.
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Xi. PROSPECTIVE PROCESS VALIDATION

This particular type of process vglidation is normally carried out in con-
nection with the introduction of new drug products and their manufacturing
processes. The formalized process validation program should never be
undertaken unless and until the following operations and procedures have
been completed satisfactorily.

1. The facilities and equipment, in which the process validation is to
be conducted, meets CGMP requirements {completion of installation
qualification)

2. The operators and supervising personnel, who will be "running"
the validation batch{es), have an understanding of the process
and its requirements

3. The design, selection, and optimization of the formula have been
completed

4. The qualification trials, using (10x-size) pilot-laboratory batches
have been completed, in which the critical processing steps and
process variables have been identified and the provisional opera-
tional control limits for each critical test parameter have been
provided.

5. Detailed technical information on the product and the manufactur-
ing process have been provided, including documented evidence of
product stability

6. Finally, at least one qualification trial of a pilot-production (100x-
size) batch has been made and shows, upon scale-up, that there
were no significant deviations from the expected performance of
the process

The sieps and sequence of events required in order to carry out a
process-validation assignment are outlined in Table 14. The first half of

Table 14 OQutline for Program Process Validation

Objective of program A proving or demonstration that the
process works

Types of validation Prospective, concurrent, retrospective

Typical processes Chemical, pharmaceutical, fabrication
packaging, sterilization

Definition of process Flow diagram, equipment/materials
inprocess, finished product

Definition of process output Potency, yield, physical parameters

Definition of test methods Methods, equipment, calibration

traceability, precision and accuracy

Analysis of process Critical modules and variables defined
by process capability design and test-
ing program
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Table 18 (Continued)

Control limits of critical variables Defined by process capability design
and testing program

Preparation of validation protocol Facility, equipment, process, product
number of validation trials and type
sampling frequency, type, size tests
to be performed, method, criteria
definition of successful validation

Organizing for validation trials Responsibility, authority

Planning wvalidation trials Timetable and PERT chart, availability,
material acquisition and disposal

Validation trials Supervision/administration, process
documentation

Validation findings Data summary, data analysis, con-
clusions

Final report and recommendations Process velidated, further trials,

requires more process capability de-
sign and testing

the procedure is similar to that developed for process capability design and
testing which was shown previously in Table 6. The objective of prospec-
tive validation is to prove or demonstrate that the process will work in ac-
cordance with validation protocol prepared for the pilot-production (100x-
size) trials,

In practice, usually two or three pilot-production (100x-size) batches
are prepared for validation purposes. The first batch to be included in
the sequence may be the already successfully concluded first gqualification
trial at 100x size, which should be prepared under the direction of the
organizational function directly responsible for pilot scale-up activities.
Later, replicate bateh manufacture may be performed by the Pharmaceutical
Production function.

Xil. STRATEGY FOR PROCESS VALIDATION

The strategy selected for process validation should be simple and straight-
forward. The following five points are presented here for the reader's
consideration:

1. The use of different lots of raw materials should be included, i.e.,
active drug substance and major excipients,

2. Batches should be run in succession and on different days and
shifts (the latter condition, if appropriate).

3. Batches should be manufactured in the equipment and facilities
designated for eventual commercial production.
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4. Critical process variables should be set within their operating
ranges and should not exceed their upper and lower control limits
during process operation. Output responses should be well within
finished product specifications.

5. Failure to meet the requirements of the validation protocol with re-
speet to process input and output control should be subjected to
process requalification and subsequent revalidation following a
thorough analysis of process data and formal discussion by the
validation team.

XHI. CONCURRENT VALIDATION

In-process monitoring of critical processing steps and end-product testing
of current produection can provide documented evidence to show that the
manufacturing process is in a state of control. Such validation documenta-
tion can be provided from the following test parameters and data sources:

Test parameter Data source
Average unit potency End-product testing
Content uniformity End-product testing
Dissolution time End-product testing
Powder-blend uniformity In-process testing
Moisture content In-process testing
Particle or granule size In-process testing
distribution

Unit weight variation In-process testing
Tablet hardness In-process testing
Digintegration time In-process testing

Not all of the in-process tests enumerated above are required to dem-
onstrate that the process is in a state of control. Selections should be
made on the basis of the critical processing variables to be evaluated. On
the basis of the example presented in this chapter (Table 12), the critieal
in-process test parameters would be particle or granule size distribution,
blend time, and tablet hardness. Subsequent data analysis of these three
parameters coupled with end-product testing should provide sufficient
documented evidence of concurrent validation.

The following example is taken from my work in solids blending and is
used to illustrate a method for obtaining concurrent validation data [54].

FDA investigators, during their plant inspections, will often ask to
see validation information with respect to solids blending and mixing op-
erations in connection with solid dosapge form manufacture. A simple vali-
datjon protocol has been designed here to supply validation documentation
for the mixing of 40% penicillin G powder and 60% lactose diluent in a
50 ft3 V-shaped production blender. The validation protocol for solids
blending is given in Table 15. If the blending of peniecillin G and lactose
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Table 15 Protocol for the Concurrent Validation of a Solids Blending
Operation in a 50 ft3 V-Shaped Blender

Action
Parts Active/diluent ratio 40% active (assayed as 100%
label potency)
Powder properties Evaluate different lots of ac-
tive and diluent
Preblending option Not required for "high
actives"
Process Blender type V-shaped
Blender size 50 ft"3 equivalent to 1400-liters

working ecapacity

Load size 65% capacity equivalent to 450
kg of powder mix (bulk den-
sity equals 0.6 g/cm3)

Blend speed 8 RPM
Loading pattern Layered (through exit port
inverted)
Intensifier Additional agitation is not
required
Blend time Qualification trials showed that
the best mix was achieved in
15 min
Procedure Assay method HPLC for penicillin content
Sample weight for 350 mg, same as for finished
assay capsule
Sample number for 30
assay
When sampled After powder is dumped into
5 x 90 kg drums
How sampled 6 samples are taken from each
drum for assay (top, middle,
and bottom)
Criterion for The requirement is met if the potency of all 30 samples

batch aceeptance falls within the limits of 75.0% and 125.0% of label
potency and the assay of not less than 27 samples falls
within the limits of 85.0% and 115.0% of label potency
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was determined to be a critical processing step in the manufacture of pen-
icillin hard-shell capsules, then the protocol presented in Table 15 could
be used to monitor blend uniformity on either a regular or intermittent
basis. In either case the in-process test method so devised from the fol-
lowing protocol could be considered to be an example of concurrent
validation.

XIV. RETROSPECTIVE VALIDATION

The retrospective validation option is chosen for established products where
their manufacturing processes are considered to be stable (i.e., long
history state-of-control operation) and where, on the basis of economic
considerations alone and resource limitations, prospective qualification, and
validation experimentation cannot be justified. Prior to undertaking retro-
spective validation, wherein the numerical in-process and/or end-product
test data of historic production batches are subjected to statistical analysis,
the equipment, faeilities, and subsystems used in connection with the man-
ufacturing process must be qualified and validated in conformance with
CGMP requirements,

The concept of using accumulated final product as well as in-process
numerical test data and batch records to provide documented evidence of
product and/or process validation was originelly advanced by Meyers [55]
and Simms [56] of Eli Lilly and Company in 1980. Retrospective validation
has gained wide acceptance since that time, and the topic has been cov-
ered adequately in separate articles by Agalloco [57] and Trubinski and
Majeed [58]. The concept is also recognized in FDA's Guideline on Gen-
eral Principle of Process Validation [1].

Using either data-based computer systems [59,60] or manual methods,
retrospective validation may be conducted in the following manner:

1. Gather the numerical values from the completed batch record and
include assay values, end-product test results, and in-process
data.

2. Organize these data in a chronological sequence, according to
batech manufacturing data using a spread-sheet format.

3. Include data from at least the last 20-30 manufactured batches for
analysis. If the number of manufactured batches is less than 20,
then include all manufactured batches in your analysis.

4, Trim the data by eliminating test results from noncritical proces-
sing steps and delete all gratuitous numerical information.

5. Subject the resultant data to statistical analysis and evaluation.

6. Draw conclusions as to the state of control of the manufacturing
process based upon the analysis of retrospective validation data.

7. 1Issue a report of your findings (documented evidence).

The following output data (measured responses) from the manufactur-
ing process are usually selected for statistical analysis:

1. Individual assay results from content uniformity testing
2. Individual tablet hardness values
3. Dissolution time at t50%
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The statistical methods that may be employed to analyze numerical out-
put data from the manufacturing process are listed as follows:

1. Basic statistics (mean, standard deviation, and tolerance limits)
[45]1

. Analysis of variance (ANOVA and related techniques) [45]

. Regression analysis [45]

. Cumulative sum analysis (Cusum) [61]

.  Cumulative difference analysis [56]

. Control charting (averages and range) [62,63]

v W oo

Control charting, with the exception of basic statistical analysis, is prob-
ably the most useful statistical technique one might use to analyze retro-
spective and concurrent process data. Control charting forms the basis

of modern statistical process control.

XY. CONTROL CHARTING

A detailed discussion of control charting and its use for the analysis of
retrospective production-batch data are given in the following references
[56,63—65]. The control chart is used to decide periodically whether a
process is in statistical coniroi. The use of such a technique facilitates
the detection and possible elimination of assignable causes of process varia-
tion. The use of control charts (for averages) is considered to be the
best statistical tool available for establishing, monitoring, and verifying a
validated product and/or manufacturing process. The control chart, as
devised by Shewhart (Bell Telephone Labs) in 1930, is a graphic presenta-
tion on which the numerical values of the test parameters (process out-
puts) of for example a tablet (potency, hardness, disintegration time, dis-
solution time, or weight variation) under investigation are plotted se-
quentially. -

The control chart consists of a central line or grand average (X) and
a control limit line above (UCL) and below (LCL) the central line. These
two control or action limits represent *3 sigma (standard deviations) about
X. Occasionally 2 sigma warning or inner control limits are used to alert
the user of possible trends or systematic deviations in the process data.
In either case, the distribution of the plotted numerical values (one wvalue
for each lot or batch) with respect to the control limits provides valuable
statistical information about the quality of the process outputs and the
process itself.

In theory, using *3 sigma control limits, if the individual lot of batch
averages were plotted over time on the graph or chart, one would expect,
according to this statistic, that 99% of the individual lot averages would
lie within the control limits. If appreciably more than 1% fell outside these
limits, one could then conclude that the process was not in (statistical)
control on a lot-to-lot or batch-to-batch basis. If, on the other hand, all
of the 99% of the batch averages were within the limits, it then would pro-
vide supportive documented evidence of state-of-control process validation.

In addition, the following rules have been developed to detect shifts or
trends in the process batch-to-batch averages in order to avoid the pos-
sibility of & process tending to go out of control:
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1. Whenever, in seven successive points on the control chart, all are
on the same side of the central line, this is not considered to be
a random occurrence.

2. Whenever, in 18 successive points on the control charts, at least
12 are on the same side of the central line, this too is not con-
sidered to be random occurrence.

3. Whenever, in 20 successive points on the control chart, at least
16 are on the same side of the central line, this too is not con-
sidered to be a random occurrence.

Nevertheless, the above rules for trend analysis may be less instructive
than the occurrence of 2, 3, or 4 data points outside the *3 sigma control
limits.

The mechanics of developing control charts for process data is beyond
the objectives and scope of this chapter. The statistical techniques em-
ployed for control charting, however, are fairly simple and straightforward.
Control charting and its analysis can be done manually or with the aid of a
computer program [66].

The following illustration of control charting is taken from the powder
blending example presented in Table 15. A control chart of blend uniform-
ity was prepared from the results of penicillin G assay data. Each data
point represents the average of six individual assayed samples, expressed
in percent label potency per drum following the 15-minute blend time in the
V-shaped mixer. Five drums containing 90 kg of powder each represents
penicillin G mixed with lactose diluent prior to encapsulation. The averages
for each drum were plotted in accordance with the method of constructing
control charts. The results of five consecutive batches (25 drums) are
presented in Figure 7. None of the data points were found to lie outside
the 3-sigma control limits. Control charts can be used {o monitor and
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Figure 7 Quality control chart of mixing data.
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analyze output data obtained in connection with either concurrent or retro-
spective validation studies. Validated products and processes can be
shown by appropriate statistical means-—such as control charting —to be
uniform within a lot or batch, consistent among lots or batches, and able
to meet design criteria within defined control limits.

XVI, CONCLUSIONS

Process validation represents an important, final stage of a broader, more
fundamental engineering concept called process quality control or statistical
quality control, Pharmaceutical process validation for either sterile or
nonsterile drug products (whether liquid, semisolid, or solid) can never be
completely successful unless prior stages in the product and process de-
velopment seguence have been successful as well. In this connection, en-
gineering as well as statistical principles and practices are used effectively
in order to obtain a desired outcome.

The essential or key steps or stages of a successful product and
process development program are presented in Table 16. According to the
key steps or stages in product and process development shown in Table 16,
pharmaceutical process validation comes only at the end of this sequence as
a simple proving and documenting procedure to show that the process for
the manufacture of the drug product works, i.e., process consistently pro-
duces a product that has characteristics that fall within defined limits of
acceptability [34,39].

Since process validation is a requirement of CGMP regulations for fin-
ished pharmaceuticals (21 CFR parts 210 and 211) and for medical devices

Table 16 Key Stages in Product and Process

Development
Development stage Pilot scale-up phase
Produet design 1x size

Product characterization
Product selection

Process design

Product optimization 10x size
Process characterization
Process optimization

Process qualification

Process qualification 100% size
Process validation

Product certification
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(21 CFR part 820), compliance with CGMPs also can be used to establish
compliance with process validation requirements as well {1].

The reader of this chapter should realize that there is no one way to
establish proof or evidence of process validation (i.e., a product and
process in control). If a manufacturer is certain that its products and
processes are under statistical control and in compliance with CGMP regula-
tions it should be a relatively simple matter to establish documented evi-
dence of process validation through the use of either prospective, con-
current, or retrospective pilot and/or production quality information and
data. The choice of procedures and methods to be used to establish valida-
tion documentation is left with the manufacturer.

The Essentials of Process Validation were written simply to aid the
manufacturer of pharmaceutioal solid dosage forms with respect to the selec-
tion of procedures and approaches that may be employed in order to
achieve a successful outcome with respect to product performance and
process validation.

GLOSSARY OF TERMS

The terminology of validation used in this chapter was developed initially
by Chapman [67].

Acceptable mean range All values of a given control parameter that
fall between proven high and low worst case
conditions.

Batchwise control The use of validated in-process samples and

testing methods in such a way that results
prove the process has done what it purports
to do for the specific batch concerned, as-
suming control parameters have been appro-
priately respected.

Calibration Demonstrating that a measured device pro-
duces results within specified limits of those
produced by a reference standard device
over an appropriate range of measurements.

Certification Documentation by qualified authorities that a
system's qualification, validation, or revalida-
tion has been performed appropriately and
the results are acceptable.

Concurrent process Establishing documented evidence that a

validation process does what it purports to do based on
information generated during actual imple-
mentation of the process.

Control parameters Those operating variables which can be as-
signed values that are used as control levels.

Control parameter range Range of values for a given control param-
eter that lies between its two limits, or con-
trol levels.
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Critical process parameter

Edge-of-failure

GMP
Installation qualification

Module

Operating variables

Operation qualification

Policy
Procedure

Process life cycle

Process parameters

Process validation

Process validation program
Prospective process
validation

Protocol

Quality assurance

Nash

Those process parameters which are deemed
important to product fitness-for-use.

Control parameter value which, if exceeded,
means adverse effect on state-of-control
and/or fitness-for-use.

Good manufacturing practices.

Documented verification that all key aspects
of the installation adhere to approved design
intentions and that manufacturer's recom-
mendations are suitably considered.

Subdivision of system or process into unit
operations or tasks.

All factors, including control parameters,
which may potentially affeet process state-
of-control and/or fithess-for-use of the end
product.

Documented verification that the system or
subsystem performs as intended throughout
all anticipated operating ranges; sometimes
called performance qualifications.

A directive usually specifying what is to be
accomplished.

A directive usuelly specifying how certain
activities are to be accomplished.

Time span from early stages of development
until commercial use of the process is
discontinued.

Those process operating varigbles which can
be assigned values that are used as eontrol
levels or operating limits.

Establishing documented evidence that a
process does what it purports to do.

Collection of activities which include and are
specifically related tc process validation it-
self.

Establishing documented evidence that =2
process does what it purporis to do based on
a preplanned validation protocol.

A prospective experimental plan which, when
executed, is intended to produce documented
evidence that the system has been validated.

The activity of providing, to all concerned,
the evidence needed to establish confidence
that the quality function is being performed
adequately.
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Quality function The entire collection of activities from which
industry achieves fitness-for-use, no matter
where these activities are performed.

Retrospective process Establishing documented evidence that a

validation process does what it purports to do based
on review and analysis of historic informa-
tion. It is important that the terms retro-
active and retrospective are not confused.
Retroactive validation would imply that a
process is validated after its product has
entered the marketplace.

Revalidation Repetition of the validation process or a
specific portion of it.

State-of-controt A condition in which all process parameters
that can affect performance remain within
such ranges that the process performs con-
sistently and as intended.

Sterilization process Treatment process from which probability
of a microorganism's survival is less than

one in a million (10-6),

Validation Establishing documented evidence that a sys-
tem does what it purports to do.

Validation change control Formal monitoring system by which qualified
representatives of appropriate disciplines re-
view proposed or actual changes that might
affect validated status and cause corrective
action to be teken that will ensure that the
system retains its validated state-of-control.

Worst case Highest or lowest value of a given control
parameter actually evaluated in a validation
exercise.
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Stability Kinetics

Samir A. Hanna

Bristol-Myers Squibb Company, Syracuse, New York

I. INTRODUCTION

Moral, legal, and economic reasons have been advanced for the need to
verify the stability of drug products. Tablets of a particular formulation
in a specific container are defined as stable if they remain within their
physiecal, chemical, therapeutic, and toxicological specifications during their
designated shelf life.

II. CURRENT GOOD MANUFACTURING
PRACTICES REQUIREMENTS

The legal requirements stem from the Federsl Food, Drug, and Cosmetic
Act and the Current Good Manufacturing Practices Regulations (CGMPs) as
published in the Federal Register on March 28, 1979, and Title 21, Code of
Federal Regulations. The CGMPs state that there shall be assurances of
stability of the finished product and suitable expiration date, based on ap-
propriate stability studies and related to specific storage conditions placed
on the label. Stability tests are to be performed on tablets in their fin-
ished marketed container using reliable and specific test methods. Effective
September 28, 1979, all drug labels for tablets, prescription and nonpre-
scriptions, are required to state the product's expiration date; i.e., the
time after which the drug can no longer be considered within the legal po-
tency requirement,

Itl., COMPENDIAL REQUIREMENTS

The United States Pharmacopeia/National Formulary (USP/NF) has required
expiration dates on all monograph drugs since January 1, 1976, The

457
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USP/NF states that for pharmacopeia tablets, the label shall bear an ex-
piration date limiting the period during which the tablet may be expected
to retain the full label potency of the active ingredient provided the tablet
is stored as directed. A set of label storage temperatures is provided by
the USP/NF to cover the various types of storage conditions. These in-
clude: store in a freezer not exceeding —10°C, store in a refrigerator
held between 2 and 8°C, store in a cool place between 8 and 15°C, store
at conirolled room temperature between 15 and 30°C, store at room tem-
perature which is the temperature prevailing in a working area, protect
from excessive heat as any temperature above 40°C, protect from light,
protect from freezing, and protect from moisture or keep tightly closed.

IVv. U.S. FOOD AND DRUG ADMINISTRATION
REQUIREMENTS

In 1971, the Food and Drug Administration (FDA) published a set of Guide-
lines: Manufacturing and Controls for IND's and NDA's which defines in
greater detail the stability information required for a new drug application.
The guidelines were subsequently republished as part of the book, FDA
Introduction to Total Drug Quality in November 1973. In July 1976, the
Buresu of Veterinary Medicine published a set of proposed stability study
guidelines in greater detail. As an example of such detailed requirements,
the stability data generated from a tablet formulation under accelerated
conditions must be statistically related to shelf-life storage conditions. It
would be desirable to have the degradation products quantitatively identi-
fied, the precurosors and degradation kinetics presented. Tablet physieal
parameters recommended for testing at IND phase IIl are surface appear-
ance, friability, fragility, hardness, disintegration, color, weight variation,
odor, moisture, and dissolution rate.

In February 1987, the FDA published Guideline for Submitting Docu-
mentation for the Stability of Human Drugs and Biologics. These guide-
lines recommended that tablets stability studies should include tests for ap-
pearance, friability, hardness, color, odor, moisture, strength, and
dissolution.

Stability and expiration dating for antibiotics has been required since
thelr advent in the 1940s. The stability requirements are covered in a gen-
eral way in the federal regulations for each antibiotic. Section 4 (Forms
5 and 6) requests a complete description and data derived from stability
studies of the potency and physical characteristics of the drug. Data were
to be accumulated on at least three batches of the exact formulation. Sep-
arate data on different types of containers, if any, were alsc requested.
The marketing container is to be used for all the stability studies and
under the same conditions of storage and reconstitution time as specified
on the label. A sufficient number of assays must be run at each time in-
terval to establish an accurate result, especially at the initial assay. Ac-
celerated data could be submitted only as supporting evidence.

V. REACTION KINETICS IN SOLID-DOSAGE FORMS

When evaluating the stability of a tablet formulation, both physical and
chemical properties must be thoroughly considered. The chemical causes
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of tablet deterioration are incompatibility, oxidation, reduction, hydrolysis,
racemization, epimerization, and dehydration. The chemical reactions in-
volved occur at definite rates. These rates are influenced by such factors
as temperature, light, pH, humidity, radiation, and pressure. The study
of the rates of change and the factors that influence them is called reac-
tion kinetics. By studying the manner in which the rate of a reaction
varies with the concentration of the reactants, the order of the reaction
can be defined. This process is helpful in evaluating the stability of
tablet formulation, predicting shelf life, and creating optimum storage con-
ditions.

Zero-order, first-order, and pseudo—first-order reaction kinetics are
the most frequently encountered in tablet degradation, although more com-
plex reactions have been also observed. Moreover, for shelf-life calcula-
tions in which the concentration change is generally no more than 10-20%,
the differentiation between orders is relatively unimportant, leading to data
treatment simplification. Therefore, only the zero-, first-, and pseudo-
first-order reactions will be discussed here.

A. Zero-Order Reaction

When the reaction rate is affected not by the concentration of the reacting
substance(s), but by some other limiting property, such as photolysis and
solubility, then the rate is dependent on the zero power of the reactant.
The rate at which a drug decomposes can be written mathematically:

—dCa
a - %o
where Ca = concentration of reactant a
K0 = peaction rate
t = time
Integrating from t = 0 to t = t with Ca = C0 att=20
Ca = C0 - Kot (D

Therefore, for data that follow a zerc-order reaction, a plot of concentration
against time produces a straight line whose slope is equal to Kg, which rep-
resents the quantity of drug that degrades in a given unit of time. The
half-life equation is

0.5C
t =0 (2)
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and the sheif-life equation is

B O.IC0

a0 KO

t

(3)

Example: A zero-order rate of degradation of a vitamin in a mixture of
25 mg per tablet and solubility of 2.5 mg m1-1 (Co) is shown in Figure 1.
Using equation 1:

100"‘\

50—

40

Percent Remaining

301

20—

10

-1%-‘-’-—-——-——«--———--—--—

10 20 30 40

Figure 1  Percent of vitamin remaining as a function of time for a zero-
order reaction.
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where C0 = 2.5 and Ca = 0 at time (t) = 40 h. Then

_2.5-0 _
Ky = = = 0.0625

And using equation 2:

0.500

1/2 KO

_ 0.5 x 2.5 _
= ~p.0623 _ W0nh

And using equation 3:

0.1C
90 K

0

0

0 x 2.5

.1 .
o.0625 ~ ih

B. First-Order Reaction

When the reaction rate depends on the first power of concentration of a
single reactant and the drug decomposes directly intc one or more prod-
ucts, then the reaction rate is direetly proportional to the concentration
of the reactant and can be written mathematically as

—dCa
dt = KCa

by integrating the rate from t = 0 to t = t, where Ca at t = 0 is CO:

InC =1InC_ —-Kt
a 0

Converting from the natural logarithm (In) yields

- _ Kt
log C, =1log Cy ~ 37553

or
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(4)

(%)

(6)

(D
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Table 1 Percent of Alkaloid? in Tablet Formulation

Time (months)

Temperature
(°C) 3 6 9 12
50 98.92 97.83 96.70 95.72
60 96.16 92.47 88.92 85,51
70 88.41 98.16 69.10 61.09

2 nitial 1008.

As log Cg is a constant, then a plot of log (drug concentration) against
time will produce a straight line whose slope is equal to —K/2.303.

The constant, K. is the reaction velocity constant or specific reaction
rate, which expresses the fraction of material that reacts in a given unit
of time expressed in reciprocal seconds, minutes, or hours. For example,
let K = 0.01 h~1; then the rate at which the drug is degrading is 1% h-l,

The haif-life equation is

0.693 (8)

t —-

1727 K
and the shelf-life equation is

_0.105
to = "% (9

Example: A first-order rate of hydrolysis degradation of an alkaloid at
1 mg per tablet manufactured by aqueous wet granulation technique is

shown in Table 1, which, if graphically plotted, should give a straight
line as shown in Figure 2.

C. Pseudo-First-Order Reaction

When the reaction rate depends on the concentration of two reactants or a
bimolecular reaction that is made tc act like a first-order reaction, then it
is called pseudo-first-order reaction, for example, when one reactant is
present in greater quantity then the other or when the first is kept at a
constant concentration in relation to the second. Under these circum-
stances, one reactant appears to control the rate of reaction even though
two reactants are present because the concentration of the second re-
actant does not change significantly during the degradation. An example
of such a reaction is the degradation of sodium hypochlorite tablets in
aqueous solution, which is highly pH dependent and follows a pseudo-first-
order reaction because the hydroxyl ion concentration is high compared to
the concentration of the carboxylic ion.
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Vi. KINETIC STUDIES

Solid-dosage forms that are tablets and capsules constitute a large majority
of pharmaceutical products. However, few kinetic studies and studies on
rates of drug degradation in solid state have been published. Drug solid
degradation in absence of excipients and moisture generally follows a
nucleation chemical reaction rate which may approximate a first-order re-
action rate. In the presence of moisture and excipients, the reaction rate
could be either zero-, first-, or pseudo-first-order. It should be noted
that there is little difference in degradation rates estimated by the zero-
or first-order reactions when less than 15% degradation has occurred.
When the amount of degradation found is in excess of 15% the order of the
reaction which accounts for the degradation should be established.

Stability study at room temperature is the surest method of determining
the actual shelf life of a product. Unfortunately, it is difficult to make an
accurate expiration date prediction until 2 or 3 years of data are gener-
ated, a situation which can be further complicated by the frequent need
for tablet formulation changes that would require additional long shelf-life
study at actual shelf-life conditions.

The pringciples of chemical kinetics for the evaluation of drug stability
are based on the fact that reaction rates are expected to be proportionsal to
the number of collisions per unit time. Since this number increases with
the increase of temperature, it is necessary to evaluate the temperature de-
pendency of the reaction. Experimentally, the reaction rate constant is ob-
served to have an exponential dependence on temperature as expressed by
the Arrhenius equation:

g = al7Ha/RT) (10)
or
_ AH
log K =log A 3.303RT (11)
or
K
1 Ha 1 i
log === oo [ 57— — = (12)
KZ 2.303R 'I‘2 T,
where K = specific rate of degradation
R = gas constant (1.987 cal deg_l mol ™ 1)
A = frequency factor (constant)
T = absolute temperature (t°C + 273,16°C)
Ha = activation energy of the chemical reaction

A plot of log K against 1/T will produce a straight line whose slope is
equal to —AHa/R (2.303), and is known as an Arrhenius plot (Fig. 3).
The resulting line obtained at higher temperatures is extrapolated to obtain
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Figure 3 Arrhenius plot of log K against reciprocal of absolute tempers-
ture.

room temperatures and K g5 is generally used to obtain a measure of the
stability of the drug under ordinary shelf conditions at room temperature;
however, any other desired temperature can be equally obtained.

From Figure 3, log Kgg is 2 and Kg5 will be 100 months or 8.3 years
under shelf conditions at room temperature (25°C) if the original points at
60, 70, and 80°C in the Arrhenius plot were calculated from monthly sta-
bility points. Activation energy can also be calculated from an Arrhenius
plot by using the slope of the line which is equivelent to —Ha/2.303R.
From Figure 3, the slope of the line is —3.5 x 103. Then

3 _ Ha
—3.5 x 10" = 56 1. 087
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and

Ha = (—3.5 x 10%)(2.303)(1.987)

16.0 keal/mol

Arrhenius projection enables predictions to be made that are based on
accelerated data in such & way that any change in the relationship between
the degradation at different temperatures will be detected and estimated.
For example, using equation 10 for the prediction of a tablet product ex-
piration date at shelf storage (25°C) from accelerated stability study at
40°C and activation energy of 10 kcal/mol:

_ .(~Ha/RTyp)
K40 = A
and
_ .(—Ha/RT9)
K25 = A
then
K40 _ A(—Ha/RTl)
K25 A(—Ha/RTz)

Assuming that Ha = 10 kcal/molgl, then T, = 273.15 + 40 = 313.15 and

T2 = 273,15 + 25 = 298.15, 1

K40 ) A—10,000/1,987(313.15)

K25 A—10,000/1.987(298.15)

It

2.24465

Shelf stability at 25°C = 12 x 2,245 = 26.94 months. Tablet product
with 10 kcal/mol-1 activation energy of the chemical reaction and stable at
40°C for 12 months will have an expiration date at shelf life (25°C) of
27 months,

When reactant molecules, e.g., A + B, in a tablet formulation proceeds
to products, e.g., C + D, the energy of the system must change higher
than that of the initial reactant and is defined as the activation energy
(Ha) (Fig. 4).

The usual range for activation energies for tablet formulation decomposi-
tion is about 10-20 kecal/mol™1, except if diffusion or photolysis is rate
determining. Then the rate is about 2 to 3 kcal/mol-1, which rarely occurs
in tablet degradation. For reactions in which the heat activation energies
range is more than 50 kcal/mol-1, the rate of degradation is not of any
practical significance at the temperature of shelf-life storage of tablet
formulations. For tablets with activation energy wvalues higher than
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Figure 4 Activation energy.

20 kcal/molwl, the error in shelf-life prediction will be on the conservative
side. For example, using equation 10, for a tablet product with 20 kcal/
mol-1 activation energy and stable at 40°C for 3 months:

K0 i} A(—Ha/RTl)
Ko A(-—Ha/RTz)

—20,000/1.987(313.15)
—20,000/1.987(298.15)

A
A

A—~32. 14250

A-33. 75960

5.03847
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Shelf stability at 25°C = 3 x 5,03847 = 15 months. For this tablet
product we will predict an expiration date of 15 months at shelf-life storage.
If in reality the activation energy of the chemical reaction of these tablet
product was on the higher side, that is, 25 kcal/mol-l instead of the pre-
viously assumed 20 kcal/mol~ !, then using equation 10

qu A 25,000/1.987(313.15)

K25 A 25,000/1.097(298.15)

7.54867

and the predicted shelf stability at 25°C will be 3 x 7.54867 = 22,5 months,
which indicates that our original prediction of 15 months expiration date was
on the conservative side. On the other hand, if the real activation energy of
the chemical reaction was on the lower side, that is, 15 keal/mol~1 rather
than the originally assumed 20 keal/mol™1, then by using equation 10

K4O _ A—15,000/1.987(313.15)

K25 A-15, 000/1.987(298.15)

= 3.36296

and the predicted shelf stability at 25°C will be 3 x 3.36296 = 10 months,
which indicates that our original prediction of 15 months expiration date was
a risky prediction.

To use the Arrhenius equation, three stability storage temperatures
are obviously the minimum as the more additional temperatures are used the
more the accuracy of extrapolation is enhanced.

Table 2 gives an example of the application of the Arrhenius eguation
to predict the stability of tablet product Z, Lot No. X, containing active
ingredient A.

1. Determine the potency of active A in the tablet product at appro-
priate intervals of time when held at three temperatures, 50, 60, and 70°C,
as shown in Table 2, make two plots to determine if the degradation re-
action is zero- or first-order.

2. First, plot potency (y) against time (t) in weeks for the three tem-
peratures on normal graph paper, as shown in Figure 5. Then plot log
potency (log y) against time (1) in weeks for the three temperatures on
semilogarithmic graph paper as shown in Figure 6.

Table 2 Percent of Active A in Teblet Z Lot No. X

Time (weeks)

Temperature
(°Cc) 0 5 10 15 20 30 40 60 90 120
50 107 -~ - - - 85 - 58 35 10
60 107 - 86 - 60 38 13 - - -

70 107 85 70 40 20 - - - - -
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Figure 5 Zero-order plot for Active A Tablet Z Lot No. X,

3. Draw a straight line of best fit through the five points in both
graphs. Select the plot in which the line most closely fits the determined
points, including the original potency determined at zero time, which should
agree with the potency estimated by extending the degradation lines back
to zero time. In this example, these two conditions are met by the first
plot figure (v versus t or a zero-order reaction).

4. Determine for each of the three temperatures the slope of the
degradation rates (Kg) in units of y (in case of first-order reaction K
in units of log y) by selecting two points lying on the line to determine
the slopes for each of the three temperatures, as shown in Table 3. The
slope of a line is defined as change in y divided by the change in x.

5. Plot the log values of Kg on semilogarithmic graph paper against
the reciprocal of absolute temperature as shown in Figure 7.
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Table 3 Kg Values for Active
A in Tablets Z Lot No. X

Temperature
(°C) K0
50 -0.53
60 ~2,5
70 —4,28

6. Draw a straight line of best fit through the three points and ex-
trapolate it to the lower temperatures.

7. Estimate the rate of degradation at the desired temperature. If
this is 25°C, then the K¢ from the graph is 0.33,

8. Calculate the expiration data (t,) from equation 13.

Log Percent Active A (log y)

— TR T v i) — Y T T T
5 10 15 20 25 30 40 50 60 70 80 90 100 110 120

Weeks (1)

Figure 6 First-order plot for active A Tablet Z Lot No. X,
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Figure 7 Arrhenius plot for Active A Tablet Z Lot No. X.
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tx =¥, - yx/K0 for zero-order (13)
_ initial potency — minimum potency
- reaction rate
or
t = log Yo~ log ylel for first-order (149)

Expiration date at 25°C = (107 —~ 90)/0.33 = 51.5 weeks.

An understanding of the limitations of the collected stability data and
heat of activation values is important in stability prediction, as the ob-
tained data may not fit the Arrhenius relationship. By using the Arrhenius
plot, few assumptions are made regarding linearity extending to room tem-
perature; that is, A and Ha independent of T, and the same chemical reac-
tion is being considered at different stability-elevated temperatures. This
means that it is necessary to obtain the heats of activation for all bi-
molecular rate constants involved in a two or more mechanism of degrada-~
tion at a pH value as the apparent heat of activation is not necessarily
constant with temperature. For example, the rate of degradation after 24 h
of 1% sodium ampicillin in 5% dextrose solution at —20°C is 46%, which is
equivalent to the same depradation at 27°C, whereas the degradation at 0 to
59C is only 28%. In photolysis degradation, no advantage is gained by
higher temperature studies as the activation energy of the reaction is small
and consequently the effect of temperature is small. Many tablet actives
contain functional groups that are derivatives of carboxylic acids, e.g.,
esters as in aspirin or lactones as in penicillin occasionally exhibit complex
degradation reaction.

In lieu of these limitations of the application of the Arrhenius method,
a number of statistical methods for stability prediction, which is easily
adapted to a computer, have been developed. One method is to use simple
linear regression to calculate the regression line for each of a number of
batches. The resulting slopes are pooled if homogeneous and the standard
error of the grand slope is used to establish a confidence slope for stability
prediction.

A second method is to obtain the stability results at various stability
points at room temperature and then calculate the standard error of the
results at each discrete point to estimate confidence in potency being above
a certain value at a given point.

The most commonly used method involves the calculation of the regres-
sion for an ingredient from all batches of a tablet formulation available.
The standard error of the line is then calculated and the confidence shelf
life is determined or the standard error of the predicted value is calculated
whereby the time predicted (tgg) is the time at which the regression line
reaches not less than 90% of potency claimed (Fig. 8).

For example: A vitamin tablet formulation, at a potency of 75 mg per
tablet and overage of 33%, was released initially at 100 mg per tablet. The
batch was put on stability at 40°C and assay results obtained with their
upper and lower limits are tabulated in Table 4. From Table 4 using the
lower limits, we are 95% confident that the average potency of the vitamin
tablet will be not less than 90% of the label claim (67.5 mg per tablet) at
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Potency %

95% Confidence

Figure 8 Plot of In potency against time showing 95% confidence limit line.

Table 4 Vitamin Tablets Stability Confidence
Intervals at 40°C

Time Results Lower Upper
{months) (mg/tablet) limit limit
0 100.0 95.2 104.9
1 91.2 88.7 93.8
3 83.1 79.3 87.3
6 75.8 69.8 82.5
9 69.1 61.2 78.2
12 63.0 53.6 74.0

where estimate of the standard error of regression(s)

yi = predicted value at tj

n = gample size

Sy = standard error of the line

o= 0,1 two-sided
0. 05 one-sided
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6.75 months if the tablets were held at 40°C in a stability storage cabinet.
Knowing that the log of the potency versus time is a straight line, we
interpolate that we are 95% confident that the average potency of the
vitamin tablet will be above the 90% of the label claim at 8.75 months if the
tablet is stored at 25°C.

The covariance analysis statistical method is sometimes chosen over re-
gression anslysis because it gives the average rate of logs for each lot and
allows a statistical test for parallelism of rates of loss prior to the pooling
of lots within a given product line. In the covariance technique the rela-
tionship between potency and time is considered to be a first-order degra-
tion reaction and a minimum of three lots of product is required. The
least-squares line is calculated with three assay points or more in addition
to the original release zero-time point. Four computation steps are required
for mathematical calculation. In step one, for each individual lot calculate
the individual rate of loss (ROL) per month, intercept (a), and residual
mean square (RMS). In step two, determine validity of combining all data
by performing Bartlett's test of homogeneity of variance (x2 test) and
parallelism fest of between versus within mean squares for slopes (F-test).
In step three, calculate for combined lots data the statistically valid ROL

(B) per month variance of B (é‘ %), intercept of combined lots (A), and

variance of average intercept (6 %) In step four, perform the best line
fit (BLF) with 95% confidence levels.

The above-mentioned four computation steps can be mathematically
detailed as follows:

1. Step one (for each lot):

a. Obtain the sums of

Ix, y2, xz, ¥y, and xy

b. Calculate sum squares of x (S__ ), xy (8_ ), y (5_ ), and
residual sum squares XX *y ¥y

_ _ 2
[RSS = SYY (Sxy) /SxX]

¢. Calculate rate of loss [ROL = Sxylsxx]

intercept (a = fr' — bx) and residual mean square for the lot
[RMS = RS§S/(n - 2)]

where x = time of assay (months), y = loss of percent re-
tained, n = number of (x,y) values for a lot.

2, Step two

a. Using Bartlett's test of homogeneity of residual! variances test
the validity of combining all lots data

b. Test for parallelism of loss rates



Stability Kinetics

Table 5A  Single Vitamin Tablet Stability Data at 37°C
Potency assay
Lot No. Months (mg/tablet) X Log Y

A 0 130 - -
2 130 2 0.0000000
4 126 4 —0.0312525
6 129 6 —0.0077220
9 125 9 —0.0392207
12 126 12 —0.0312525
18 130 18 0.0040000
24 132 24 +0.0152674
36 117 36 —0.1053605

B 0 132 - -~
3 123 3 ~0.0706175
6 125 6 —0.0544881
8 122 8 —0.0787808
12 128 12 -0.0307716
18 117 18 —0.1206279
24 115 24 -0.1378697

Cc 0 133 - -
2 137 2 +0.0296317
4 130 4 ~0.0228146
6 133 6 0. 00006000
10 122 10 —0.0863280
12 122 12 —0.0863280
18 124 18 —0.,0700675

D 0 120 - -
2 114 2 —0.0512932
4 131 4 +0.0877055
8 119 8 +0.1177830
12 130 12 +0,0800427

475
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3. Step three

a. Calculate the values of the parallelism and chi-square tests
using the values obtained in 2.a. above.

b. The smallest value for the parallelism test would indicate the
lot data to be deleted. If this value is not significant, the
pooled slope and intercept will be calculated minus the deleted

lot.
4, Step four
a. Calculate the pooled rate of loss and intercept using B, § 2/b,
and A.

b. Calculate and sum for each lot

5. Step five
a. Calculate the best line fit with 95% confidence levels

X =

k
2ox

1
X
Zn

1
where K = the number of lots in analysis.

For example: A single vitemin tablet formulation at a potency of 130
mg per tablet and at 37°C, four different lots were put on stability for
3 years. Stability results are presented in Table 5A. Upper and lower
limits are tabulated in Table 5B and presented graphically in Figure 9.

Table 5B Single Vitamin Tuablet Stability at 37°C
Confidence Intervals

Time Results Lower limit Upper limit
(months) {mg/tablet) (mg ftablet) (mg /tablet)
0 130.00 123.22 137.1%7
6 128.11 121.20 135.42
12 126,25 119.63 133,23

18 124,05 117.09 131,42
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Figure 3 Single vitamin tablet stability at 37°C.

Vil. SOLID-DRUG DEGRADATION

The degradation of pure solid drugs can be illustrated by two equations:
(a) 8Solid — solid + gas
(b) Solid — liquid + gas

In the first equation, the degradation can be initially steep, then slow,
unti! 100% degradation, which is usually due to geometrical contractive con-
sideration, or can start with an induction period, then accelerates, which
is usually due to either nucleation or liquid layer. There are few pub-
lished examples of this, such as the degradation of aspirin anhydride [1].
In the second equation, the degradation is sometimes related to the melting
point of the solid, such as the degradation of p-substituted benzoic acids

[21.

Vvill. SOLID-SOLID DEGRADATION

Active solid —solid or active excipient degradation reactions in tablet formu-
lations have been reported in many cases. Acylation and subsequent loss
of potency has been reported for aspirin —codeine [3] and aspirin—
phenylephrine [4] combinations in solid dosage forms. Dextroamphetamine
sulfate and spray-dried lactose will react quantitatively in solid-dosage
forms {5].
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The stability of various vitamins with different tablet excipients was
studied {6]. The influence of antacid compounds and other excipients in
aspirin, alone or with other actives, has been published [7-10]. The ab-
sorption of some antirheumatics on antacids has been shown [11]. The ef-
fect of excipients on salicylamide [12] and smphetamine [13] sulfate dis-
coloration has been investigated. The influence of tablet excipients on
color fading [14] and other physical tablet parameters, e.g., disintegration
{15), has been demonstrated.

The detection of such active solid —solid or possible execipients inter-
actions or incompatibilities is achieved through tablet preformulation stud-
jes. A detailed program for such studies is given in Volume 1.

IX. SOLID-DOSAGE FORM DEGRADATION

Solid dosage forms are solid heterogeneous systems whereby the active in-
gredents tend to decompose at a slower rate than the liquid heterogeneous
or homogeneous systems. Since most tablet formulations are complex, the
degradation reaction may be complicated by possible interaction of the ac-
tive and inert ingredients in the formulation. Therefore, it is more dif-
ficult to apply chemical kinetics and the Arrhenius relationship to stability
data for tablet systems, and it is sometimes impractical to perform through
basic kinetics studies on the final tablet formulation to predict the shelf
life of the product.

Because of the great structural variety of actives and the complexity
of tablet formulations, many kinds of drug degradation reactions are pos-
sible. Although the degradation of active ingredients in tablet formulations
can occur through several degradative pathways, e.g., oxidation, hydroly-
sis, racemization, and photolysis, perhaps most of those that occur in
tablet degradation are either oxidation or hydrolysis.

X. MECHANISMS THAT AFFECT TABLET
STABILITY

A. Oxidation

Oxidative degradation is one of the major causes of tablet instability. One
of the mein reasons is that oxygen need not present in more than trace
guantities to produce significant degradation. Another aspect is that oxi-
dative reactions are influenced by light and metal ions (copper, iron, co-
balt, and nickel) and many drugs either form colored products or produce
objectionable off-odors. Oxidation cannot happen without reduction.
Oxidation /reduction reactions involve the transfer of one or more oxygen
or hydrogen atoms or the transfer of electrons.

In inorganic compounds, oxidation is a loss of electrons and reduction
is a gain of electrons.

2+ 3+ -

Fe& —— Fe + e
B

Ferrous e ferric + electron
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In organic compounds, oxidation is governed by the number of bonds
from carbon to oxygen., The greater the number of carbon —oxygen bonds,
the more highly oxidized is the molecule and, since oxygen is added, the
aldehyde is more oxidizable than alcohol, Also, in organic compounds a
change in molecular structure, e.g., proton transfer, accompanies the
electron transfer.

Autooxidation which involves a free-radical chain process is the most
common form of oxidative degradation in tablet formulations. The majority
of autoxidation reactions involve any material with molecular oxygen. Free
radicals are atoms or molecules that have one or more unshared valence
electrons. This can be illustrated as in the formation of methyl radicals:

CH3:CH3 2 CH3

These radicals are unsaturated and readily take electrons from other sub-
stances causing oxidation.

The first step in the autoxidation of a hydrocarbon (RH) by a free-
radical chain process is written as

activation initiation
RH i R T+ H ‘ or
light and/or heat . .
induction

The second step, a hydrogen peroxide formation:

R +02——"-R02

RO, + RH ROOH + R° propagation

2

ROOH RO’ + HO’
The final step, the chain break:

R0'2+X

= inactive products
termination

R02 + RO2 m inactive products

where X = free radical inhibitor, such as sulfite, aromatic amine. Some-
times the product of recombination of radicals contains sufficient energy to
redissociate the molecule.

Autoxidation requires only that a small amount of oxygen initiate the
reaction, which is catalyzed by heavy-metal ions possessing a valence of 2
or more. These metals reduce the length of the induction step and in-
crease the maximum rate of oxidation by increasing the rate of formation of
free radicals. As little as 0.0002 M copper ion has been shown to increase
the rate of vitamin C oxidation by a factor of 10,000 [16]. To reduce the
effect of metallic ions on tablet formulations, water used for granulation
should be free of heavy metals, and special manufacturing equipment that
will reduce the direct contact of the tablets during manufacturing with
metals are recommended. Protection from light can also reduce autoxidation.
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The speed of autoxidation reactions depends on temperature, radiation,
oxygen, and drug concentration in addition to the catalyst.

Autoxidation reactions have been reported for tablet formulations of
the following drugs: steroids (e.g., prednisolone [17]), vitamins (e.g.,
vitamins C [18], B7 [19}, A [20], and E [21]), phenothiazine derivatives
{e.g., chlorpromazine [22]), alkaloids (e.g., physostigmine [23]), anti-
biotics (e.g., tetracyclines [24]). Because oxidation reactions are complex
processes and sensitive to many other factors, such as trace metals and
impurities, it is difficult to reproduce them and usually it is difficult to
ecarry out kinetics studies on oxidative processes in a general-stability
program.

B. Hydrolysis

Although the solid-dosage form stabilizes drug hydrolysis by limiting the
access of the drug to water, compounds containing ester or amide linkage
are still prone to hydrolysis even in tablet form.

Drug compounds that possess an acyl group also tend to hydrolysis
degradation reactions.

Acyl compounds can be jllustrated as follows;

o)

I

R—C—X

and the chemical behavior of these compounds depends greatly on the
nature of this X atom or group. The most important groups of such com-
pounds in tablet formulations that facilitate hydrolysis degradation are as
follows:

) 0]
I I

R —C —OR! ester R —C —NHR’ amide
0 0
I I

R —C—O0OH carboxylic acid R —C —Cl acid chloride
(I) o} R—CH-~——C==0 lactam
I | [

R —C—O0C—R acid anhydride (CHZ)ﬁ-— NH

The hydrolysis reaction will involve cleavage of the ¢ —~—X bond and
the acyl transfer to water:

0 0

I i

R—C—X + H20 R—C~—OH + HX

Although hydrolysis can be effected by pure H90, the presence of catalyst,
for example, acid or alkalies that are capable of supplying hydrogen or
hydroxyl ions to the reaction, will enhance the reaction.
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The hydrolysis of an ester for either acid- or alkaline-catalyzed resc-
tion involves the covalent linkage between the carbon atom and the oxygen
atom to form an acid and alcohol as follows:

(o] 0
| . _ i
R—C—OR'+H + OH R—C —OH + HOR
acid alcochol

In case of alkaline-catalyzed reactions:

o] o
[ |

RCOO + R'OH

R—C —OR' + OH — R—C—OR!

l

OH

In case of acid-catalyzed reactions:
0] 0] o)
I

R—C—OH + R'OH

The hydrolysis of an amide is similar to that of an ester-type com-
pound, except that the hydrolytic cleavage in this case will result in the
formation of an acid and an amine:

o o
I |

R—C —NHR' + H20 R—C-—OH + R——NH2

acid amine

The general form of the reaction kinetic equation used to express such
types of hydrolysis is the first- or pseudo-first-order reaction. This is
based on the assumption that the OH or H* concentration is essentially
kept constant or is kept at a considerably higher concentration than the
ester concentration during the reaction.

As previously discussed, hydrolysis degradations are catalyzed by
both hydrogen and hydroxyl ions, the latter usually has the stronger ef-
fect, and pH is an important factor in determining the rate of the reaction.
Therefore, the choice of excipients for any particular tablet formulation
must be made only after a thorough evaluation of the influence of these
excipients on the stability of drug product has been carried out. For ex-
ample, atropine sulfate is most stable at pH 4 and excipients that will im-
part alkalinity to the tablet formulation, for example, sodium phosphate
dibasic or calcium carbonate, should be avoided.

Hydrolysis reactions have been reported for tablet formulation of the
following drugs: atropine [25], aspirin [26], thiamine [27], penicillins
(28], cephalosporins [29], and barbituric acid derivatives [30].
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C. Photolysis

Photolysic is a surface phenomenon and in most cases the interior of the
tablet will be unaffected. Photolysis of a surface molecule should give rise
to first-order degradation. However, many variables may be involved in
photolysis degradation; for example, intensity and wavelength of light,
size, shape, composition and color of container, so that the kinetics of re-
actions is complex and zero-, first-, or pseudo-first-order reactions are
possible. An active will exhibit photolysis degradation if it absorbs radia-
tion at a particular wavelength or the energy exceeds a threshold. Thus,
not all absorbed radiation produces photolysis degradation, as part may
change to heat, induecing a thermal reaction that is identical or opposite or
entirely different from the original photolysis reaction. Sometimes a photo-
lysis degradation may produce a catalyst that will start the thermal degrada-
tion.

The intensity and wavelength of light, size, shape, color, and type of
tablet container will greatly affect the rate of photolysis degradation.
Ultraviolet radiation, which has the greatest energy supply. is more ef-
fective in initiating photolysis degradation.

Free radicals are important in photolysis degradation as they undergo
subsequent reactions. The reaction is said to be photochemical if the mol-
ecules absorbing the radiation react, whereas it is said to be photosensitive
if the absorbing molecules do not participate directly in the reaction but
pass on their energy to other molecules that are reacting.

The method commonly used to protect tablets from light is the use of
colored glass or opaque plastic containers. The USP specifies the light
transmission of different glass and plastic containers. It has been demon-
strated that when fading of tablet surface penetrates to & depth of 0.03 cm,
the tablet surface appears white and the faded layer does not change upon
further light exposure [31-36]1. Drugs that are prone to photolysis degra-
dation are folic acid [37], ascorbic acid [38], benzodiazepines derivatives
{391, sulfonamide [15], and steroids [40].

D. Racemization

Racemization is a reaction whereby an optically active drug substance
changes to an optically inactive mixture of the corresponding dextro and
levo forms. This degradation reaction is important because some actives
are more therapeutically effective in certain optical forms or the optical
jsomer has a different biological effect. For example, l-hyoscyamine is
three times as active as the dl form, atropine., In general, racemization
follows a first-order degradation reaction and is dependent upon tempera-
ture, solvent, catalyst, and light. The racemization of a compound ap-
pears to depend on the functional group bound to the asymmetrical carbon
atom, with aromatic groups tending to accelerate the racemization. Tablet
formulation that contains l-hyoscyamine should be as dry as possible and
avoid the use of alkaline excipients [41]1.

X|. CONTAINER-CLOSURE SYSTEM

Tablet container-closure systems must provide functional protection against
such factors as moisture, oxygen, light, volatility, and drug/package
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interaction. The choice of container and closure system for a tablet prod-
uct can affect the stability of the active's chemical or physical character-
istice. Regulations require that stability data for the solid dosage form be
provided in the container in which it is to be marketed. The Code of
Federal Regulations, Title 21, Section 250.300 restricts the dispensing of
nitrogiycerin tablets to the original, unopened container because of vola-
tility problems encuntered in repackaging this product [42]. The USP/NF
has provided definitions for various types of containers based on their
capability to provide protection: light-resistant, well-closed, and tight-
closed containers.

The USP/NF deseribes quantitative tests to measure the permeation
and/or light resistance of a container-closure system and establishes limits
for each test to define tight, weli-closed, and light-resistant containers
(Table 6). As mentioned before, the compendia have also provided defini-
tions for the storage conditions stipulated in tablet product monographs:
cold, cool, room temperature, excessive heat, and protect from freezing.
There is a wide choice available for tablet packaging from among different
kinds of glass, plastic, unit dose, blister, and closure systems. An un-
derstanding of the properties of the container-closure system and the
types of protection necessary for the tablet product will be needed to
establish the package selection. Glass and plastic are the commonly used
components for tablet packaging.

Glass shows a high degree of chemical inertness, resistance to de-
composition by atmosphereic conditions, and is completely impermeable to
all gases, solutions, and solvents. It is transparent to light when clear or

Table 6 USP/NF Limits for Glass Types I,
I¥, and III and Plastic Classes I to VI Used
for Oral Dosage Forms

Maximum percentage light
transmission at any
wavelength between 290

Nominal size and 450 nm

(ml)a (closure-sealed containers)
1 25
2 20
5 15

10 13

20 12

50 10

aAny container of size intermediate to those
listed above exhibits a transmission not
greater than that of the next larger size con-
tainer listed above. For containers larger
than 50 ml, or type NP glass, the limits for
50 ml apply.
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flint, but amber- or green-shaded glass offers good resistance to ultra-
violet light, and amber glass shows the greater absorbance to infrared
rays. Tablet products that are physically or chemically unstable as an ef-
fect of radiant energy should be packaged in amber glass containers.

Flint glass is transparent to light rays sbove 300 nm, whereas amber glass
shuts out light rays up to 470 nm (Fig. 10). Since photolysis degradation
decreases with increasing wavelength, it is expected that amber glass
would protect tablets against light.

The use of plastic or polymeric material packages for tablets has be-
come very popular, especially with unit-dose hospital packages for which
aluminum foil is sometimes used. Polyethylene, high- and low-density,
polystyrene, polyvinylchloride, and polypropylene are among the commonly
used polymeric materials to fit different shape and sizes of tablet packages.

The USP/NF has provided test procedures and limits for high-density
polyethylene packaging. Polymeric materials sre available in different den-
sities or certain additives which affect its chemical and physical properties.
Stebility data should specify the type, properties, and commercial supplier
of plastic container that was used during tablet stability studies. The
major disadvantage of plastic containers is two-way permeation through the
walls. The degree of permeation varies from one polymeric material to
another. Chemical and physical stability of the tablet dosage form can be
influenced by penetration of atmospheric water vapor or loss of moisture
from the formulation. Gases such as oxygen and carbon dioxide in the air
can permeate the plastic container wallg, catalyzing drug degradation in
tablets vulnersble to oxidation.

Polymeric materials commonly used in strip and blister tablet unit-dose
packages include cellophane, polyethylene, cellulose acetate, polyvinyl-
chloride, polypropylene, vinyl, and fluorinated hydrocarbon. In strip and

100 ¢
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Figure 10 Transmission curves for flint and amber glass,
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blister tablet unit-dose packages aluminum foil is sometimes used to obtain
the desired tensile strength. Aluminum has a number of excellent
properties that can add to tablet product stability: it reflects 90-95% of
infrared radiation and 80-85% of white light and is impermeable to moisture
vapor.

Closure is an important feature of the container and will contribute to
the stability of the product in terms of contamination, or to the ingress of
moisture or oxygen. The primary objective of a closure system is to effect
a seal. This is usually achieved by using adhesives, achieved by fusion
or separate devices such as screw caps. Screw-cap closure seals consist
of a threaded shell containing a liner and facing. Threaded shells may be
fabricated from metals such as tin plate or aluminum or from plastics such
as phenol, urea, or melamine formaldehydes. Liners are generally made
from pulpboard, polymeric material, and aluminum, or any of these combina-
tions with suitable adhesive. In all cases, the facing material which comes
in direct contact with the tablets must be compatible.

Tablet unit-dosage forms are usually sealed by fusion. Fusion is the
welding by heat and pressure of the thermoplastic materials of which the
container itself is made. Strict quality assurance procedures to ensure that
the proper closure system ig always used for a specific tablet product is a
must to attain the maximum shelf life of the product.

Publications on the properties and applications of different types of
container-closure systems, including the relation of the tablet to the pack-
age, are numerous [15,43-51].

Xil. EXPIRATION DATING
A. Stability Studies

Expiration dating on tablets can be based on accelerated stability and/or
long-term storage stability at the recommended label storage condition.
Tablet stability studies can be classified as follows:

1. Research tablets: Initial formulation(s} of new drug substance(s)

2, Proposed tablets: May include investigational new drugs or new
combination of drugs

3. New marketed tablets: Newly marketed tablets for which the first
three production lots are required for stability study

4. Established tablets: Marketed tablets for which at least one lot per
year is required for stability study

5. Revised tablets: Tablets with formulation changes, such as color
replacemernt, new packaging closing system component changes, or
a revised manufacturing process

6. Special tablet studies: Studies used to answer a specific problem
for a tablet product, such as the investigation of the effect of
humidity on special tablet blister packaging, or any item which does
not fall into any of the above five classifications.

Recommended testing stability protocols or appropriate variations for
tablets are as follows.
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A. Research Tablets
5°C 25°C 40°C 50°C 60°C
0, 3, 6, 12, 0, 3, 6, 12, 0 initial 0 initial 0 initial
and yearly 18 months, 12 weeks 4 weeks 4 weeks
thereafter and yearly 6 months 8 weeks 8 weeks
thereafter 12 months 12 weeks 12 weeks
37°C/70% RH 37°C/80% RH Light (600 fe¢)
0 initial 0 initial 0 initial
4 weeks 4 weeks 8 weeks
12 weeks 8 weeks 12 weeks
12 weeks
B. Proposed Tablets
5°C 25°C 40°C 50°C 60°C
0, 3, 6, 12, o, 3, 6, 12, 0 initial 0 initial 0 initial
and yearly 18 months, 12 weeks 8 weeks 8 weeks
thereafter and yearly 6 months 12 weeks 12 weeks
thereafter

37°C/70% RH

37°C/80% RH

Light (600 fc)

0 initial
4 weeks
8 weeks
12 weeks

0 initial
8 weeks
12 weeks

C. New Marketed Tablets

0 initial
8 weeks
12 weeks

Store at controlled room temperature condition (targeted at 25°C) for 1

year after expiration date.

D. Established Tablets

Sample initielly and at yearly intervals.

Store at contirolled room temperature condition (targeted at 25°C) for 1

year after expiration date.

E. Revised Tablets

Sample initially and at yearly intervals.

5°C 25°C 40°C 50°C 60°C
0, 3, 6, 12 0, 3, 6, 12 0 0 0
months, and months, and 4 weeks 4 weeks 4 weeks
yearly yearly 8 weeks 8 weeks 8 weeks
thereafter thereafter 12 weeks 12 weeks

6 months
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37°C/80% RH Light (600 fc)

0 0
8 weeks 8 weeks
12 weeks 12 weeks

Examples of appropriate varjations of the previously mentioned protocols
are given in Tables 7-9.

As a general guideline, the following two principles should be taken
into consideration in formulating such tablet stability protocols:

1. Less stable tablet materials and formulas would require more fre-
guent testing.

2. The amount of testing required for an active or tablet product de-
pends on the amount of data already available.

A stability-indicating assay should be used for testing at the appro-
priate scheduled intervals. Tablets in final packing closure systems in-
tended for marketing will be submitted to such tests. An assay will be
considered stability indicating if it specifically determines the intact active
material or determines the degradation product(s) in the presence of the
intact active material or determines both the intact active material and its
degradation product(s). The ideal approach is the third one. The reason
is mainly that a normal stability-indicating assay will generally have a pre-
cision of +2% coefficient of variation. This means that a difference of 4%
from the initial 100% value will not be detected by analytical variation as it
will be considered statistically insignificant. On the other hand, if an
assay procedure for the degradation was developed with the same coefficient
of variation, then less than 1% variation in the same 4% degradation can be
detected and estimated,

If the stability-indicating assay was initially developed on the intact
active raw material, then it is necessary to show that such an assay pro-
cedure is applicable in the presence of formulation-inactive materials or
their degradation product(s), if any.

F. Label Storage Conditions

The appropriate label storage condition for a tablet product can be based
on a long-term shelf-stability study at the recommended label storage
condition or short-term studies at accelerated stress conditions. Assuming
that the degradation reaction(s) is constant in the range from the highest
temperature studied to the anticipated shelf-storage temperature, tgg,
estimation could be used for calculating the label storage condition.

Data from at least three temperatures are evaluated and the tgg values
are estimated. If each tgy value versus reciprocal temperature point (1/T)
falls above 10 kecal (Fig. 11), or a minimum tgg was achieved after at least
12 weeks at 50°C and 286 weeks at 40°C, then the label storage condition
of store at room temperature is recommended. If one or more tgg value
versus 1/T falls between 10 kcal and 17 keal, or a minimum of tgg was
achieved after at least 12 weeks, but less than 24 weeks at 40°C and more
than 4 weeks at 50°C, then the label storage condition of store at room tem-
perature and protect from temperature above 40°C is recommended. If t90
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Figqure 1t  Accelerated stability plot.

value versus 1/T are above 75 kecal, but one or more is below 17 keal or a
minimum of tgy was achieved after at least 52 weeks at 30°C, then the label
storage condition of store at controlled room temperature is used. If tgp
value versus 1/T is lower than 25 kcal and above 45 keal, or a minimum of
tg0 was achieved after at least 4 weeks at 40°C and 1 week at 50°C, then
the label storage condition of store below 30°C is used, Other label storage
conditions, like protect from freezing or protect from light, should be used
as necessary.

G. Stability During Shipment

Appropriate labeling conditions derived from suitable stability studies must
be described to assure proper protection of tablet products during ship-
ment. Perjods of time that a tablet product may be exposed to extreme
high or low temperature should be determined and appropriate label recom-
mendations are used accordingly, e.g., may be adversely affected by ex-
posure to 50°C more than 3 weeks.
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X1, COMPUTER APPLICATION

Computer programs are an efficient means of assisting in the design of sta-
bility studies, especially complex models, and the interpretation of data.
A typical computer program can provide an efficient control of sample
storage at given conditions, control inventory, schedule test intervals,
sample at schedule intervals, test requirements and analytical procedure
for each sample, determine manpower required for sample testing, review
data, evaluate statistical data, highlight out-of-limits resulis, maximize re-
search and development capabilities, interpret data, plot results, estimate
shelf life, prepare reports for regulatory submission or commitments and
product stability trend analysis. Implementation of computer use in sta-
bility programs will allow efficient statistical evaluation of the kinetic data,
handling of complex administrative functions, organization of voluminous
amounts of data, and reduce the potential for human errors. Seversl sta-
bility computer programs are commercially available from pharmaceutical as
well as specialized computer companies. Example for such computer forms
and stability reports are presented in Figures 12 and 13. Stability data
listed in these two figures are filled according to the instructions per the
coding letter mentioned beneath each requirement as follows:

Computer transaction code

Product list number

Product lot number

Agsay type: chemical or biological, etc.

Assay name

Date of assay as per the stability protocol

Time of the stability point

= Number of assay code as per the written stability-indicating assay
monograph

Number of monograph code as per the written stability-indicating
assay monograph

= % RH

Temperature in °C

Other atability conditions, e.g., light

Date assay was performed

Chemist or technician name/or initial who performed the assay
= Number of tests performed

All results of assay performed

= Average assay results

Previous assay results reported

Unitg the assay is to be run by, e.g., average tablet weight
(ATW)

Number of samples analyzed

Total time for stability study as per the stability protocol
Product release limit

In-house or action limit

Name of supervisor who checked and approved the analysis
Date of supervisor approval
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Scheduled Time of
List Lot Assay Assay assay stability Assay [Mounograph| % Temp.
F/C no. no. type name date point code code R.H. (°C) | Other
Y M D
10 1234 SAH C Vit. A 80 10 21 00 12 00 01 02 40 37 00
a b c d e f g h i )] k 1
Previous
Assay date Result Assay | assay Assay Sample | Stability
Y M D Chemist | Test calculation result | result units no, schedule
80 10 21 HAS 1 81 80 79 80 90 mg/ATW 03 3Y
m n 0 p q T 5 t u
Product In-house Approval
limit limit Approval date
90-110 95-105 SAH 80 10 27
v w y z
Figure 12 Computer stability assay report.

sopaury Ajlrqois

£6¥



414

Report List Lot Months of Stability Assay Monograph
date no, no. Exp. date schedule time code code Chemist Product
80 10 27 1234 SAH 83 09 20 01 3Y 01 02 HAS Vit. tab.
Assay Assay Assay Assay Assay %
name date units results of initial
01 80 10 20 24,90 99.6
Vit. A 02 80 10 20 mg/ATW 25.00 100.0
03 80 10 20 24,30 97.2
01 80 10 21 128.00 102.0
Vvit. E 02 80 10 21 mg/ATW 130.00 104.0
03 80 10 21 128. 00 102,0
Figure 13 Computer stability detail report.
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Quality Assurance

Samir A. Hanna

Bristol-Myers Squibb Company, Syracuse, New York

I. INTRODUCTION

The total control of quality requires the organized effort of an entire
company to assure the specified quality in each lot of drug product manu-
factured. The quality of oral solid-dosage forms as well as any drug
dosage form must be built in during plant construction, product research
and development, purchasing of materials, production, testing, inspection,
labeling, storage, and distribution. It cannot be asgumed that end-prod-
uct testing alone will ensure product quality.

Nearly all drug substances dispensed in the oral sclid-dosage form are
steble under ordinary conditions. The essential gualities of a good com-
pressed tablet are characterized by a number of specifications. These in-
clude the appearance, size, shape, thickness, weight, homogeneity, sta-
bility, hardness, dissolution time, and disintegration time. The appear-
ance, size, shape, and thickness of the tablet are generally used to dis-
tinguish and identify the active ingredients which they contain. The re-
maining specifications assure the manufacturer that the tablets do not
vary from allowable limits within the same lot or from one production lot to
another. All such qualities are designed to ensure a safe, therapeutically
effective oral solid-dosage form.

1. QUALITY ASSURANCE SYSTEM

S8ince manufacturing produces the tablets, they should have prime respon-
sibility for quality results. Removal of the responsibility from manufactur-
ing for producing a quality product results in lackluster product quality
performance. Quality assurance, however, must establish control points
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