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compounds (Asahara et al. 1990). Thus, oxygen-sensitive substances should be screened for
their compatibility with a range of antioxidants. It should also be noted that bisulphite has
also been known to catalyse hydrolysis reactions (e.g., Munson et al. 1977),

Trace metal ions can affect stability and can arise from the bulk drug,

>

through complexation, a favourable reaction pathway,

Metal ions can also act as degradation catalysts by being involved in the production of
highly reactive free radicals, especially in the presence of oxygen. The formation of these rad-
icals can be initiated by the action of light or heat, and propagate the reaction until they are
destroyed by inhibitors or by side reactions that break the chajn (Scott 1988). Free radical OXy-
gen species can be generated by transition metals in solution such that reactions can be initi-

ated, illustrated by the potentiation of the auto-oxidation of dopamine by metal ions (Poirier
et al. 1985).

Ethylenediaminetetraacetic Acid (EDTA) and Chelating Agents

Because of the involvement of metal ions in degradation reactions, the inclusion of a chelat-
ing agent is often advocated. The most commonly used chelating agent are the various salts of
EDTA. In addition, B-hydroxyethylenediaminetriacetic acid (HEDTA), diethylenetriamine-
pentaacetic acid (DTPA) and nitrilotriacetate (NTA) have been assessed for their efficiency in
stabilizing, e. g., isoniazid solutions (Ammar et al. 1982).

EDTA has pK, values of PK| =2.0,pK, =2.7, pK, = 6.2 and PK, = 10.4 at 20°C. Gener-
ally, the reaction of EDTA with metal ions can be described by

MY 4 Y4 py(4n)+ (9)

In practice, however, the disodium salt is used because of its greater solubility, hence

M™ + HyY — My(n=9+ 4 o+ (10)

From equation 13, it is apparent that the dissociation (or equilibrium) will be sensitive to the
PH of the solution, therefore, this will have implications for the formulation.

The stability of the complex formed by EDTA-metal ions is characterized by the stability
or formation constant, K. This is derived from the reaction equation and is given by

[(MY) “"”J

[Mn+:’[y4~} (1)

Stability constants (expressed as log K) of some metal i
Table 6.9, and an example of a metal ion-E

K=

on-EDTA complexes are shown in
DTA complex is shown in Figure 6.16.
Equation 14 assumes that the fully ionized form of EDTA% js present in solution hawr

ever at lawur wIT ael o .
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Table 6.9
Metal ion—-EDTA stability constants.
fon log K Log Ky fon log K Log Ky fon log K L(])j 1KH
Ag* 73 -4.2 Co?*+ 16.3 43 Fe3* 25.1 .2
?r 28 -9.2 NiZ* 18.6 6.6 Y3+ 18.2 6.
:a‘f 17 -103 CuZ* 18.8 6.8 cré* 24,0 1 22
MgZ* 8.7 -33 ZnZ+ 16.7 47 Ced* 159 3.7
Cag2+ 106 -14 CdZ+ 16.6 4.6 La3* 15.7 § .1
Sre+ 8.6 -3.4 Hg?+ 219 9.9 Scf: 23.1 8.5
BaZ* 78 -4.2 PbZ+ 18.0 6.0 Ga 205 12.9
MnZ* 138 18 AR+ 16.3 4.3 In3+ 249 " .2
FeZ* 14.3 23 B+ 270 15.0 Th4+ 232 .
Note: Log K} values calculated for pH 2.5.
o = [EDTA]allforms (12)
L [EDTAY]
Thus
(13)

Ky =£ or Ky =log K—o
oy,

Figure 6.16 Structure of metal-EDTA complex.
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any formulations that do not contain lactose and magnesium stearate should be successful!

Other investigators may have different experiences and may not have access to a compaction
simulator.
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PRODUCT OPTIMISATION PURPOSE AND SCOPE

The major objective of the product optimisation stage is to ensure that the product selected
for further development (the intended commercial product) is fully optimised and complies
with the design specification and critical quality parameters described in the Product Design
Report (refer to Chapter 5). The key outputs from this stage of development will be

.

a quantitative formula defining the grades and quantities of each excipient and the
quantity of candidate drug;

*  defined pack;

defined drug, excipient and component specifications; and

*  defined product specifications.

The approach to product optimisation will depend on the nature of the product to be de-
veloped. It will always involve testing a range of options, for example: a variety of excipients
from different sources, with different grades and concentrations, and in different combina-
tions, or a range of pack sizes or different packaging materials. Additionally, it could involve
testing a range of particle size distributions of the candidate drug or of the excipients. Parti-
cle size may be critical for drug delivery or formulation processing. For example, material
with a mean particle size distribution of 2-5 pm will be required for effective pulmonary de-
livery of aerosol suspensions and dry powders, whereas an even smaller particle size range

(nanoparticles) may be required for the dissolution of poorly water soluble drugs in par-
enteral formulations.

Exh. 1014



Exh. 1014



Exh. 1014



300 Pharmaceutical Preformufation and Formulation

harmonise or unify the different requirements for some excipients in the three major phar-
macopoeias, Europe, Japan and the United States. This programme is referred to as ICH, or
International Conference on Harmonisation of drugs. However, the process of establishing
agreed international excipient specifications has proved to be extremely slow. Inevitably, some
excipients for which pharmacopoeial standards are in conflict may be discounted from con-
sideration, even though they perform well in terms of functionality.

Another issue for global marketing is the differences of opinion about the safety of some
excipients in different countries. For example, ethylenediaminetetraacetic acid (EDTA) is per-
mitted in most countries for use in intravenous (IV) injections as a metal ion sequestering
agent, but not in Japan. Colours, artificial sweeteners and bovine-derived products are other
examples where safety concerns vary significantly from country to country (Tovey 1995). All
dyes available for food and drug use are banned in at least one country. However, it may be es-
sential to add a colouring agent to a product to distinguish one product from another or to
differentiate between a number of product strengths.

Colouring agents may also be required for developing placebos to match coloured prod-
ucts for blinding in clinical trials. Nedocromil sodium nasal, ophthalmic and respiratory prod-
ucts are examples which all required colour matching because of the inherent yellow colour of
the drug substance. This can be especially challenging when a range of drug concentrations is
required, with each concentration having a different colour intensity. For the above reasons, it
is not always possible to develop a single formulation for the world-wide market. '

The sourcing of excipients can be another important selection and optimisation crite-
rion. It is generally desirable to have excipient sources available in the country where product
manufacture is taking place, to avoid stockpiling material to compensate for possible trans
port and import delays. Even better is if there are multiple sources of the same type of excip
ient so that if one supplier fails to deliver or discontinues delivery, an alternative can be use
This might rule out the use of some suppliers or excipients. In order to cater to different man

_ufacturing sites in different countries which might use slightly different equipment, it is im
portant that the product and process developed are robust enough to cater to small difference
in excipient characteristics and performance from different sources. ~

In conclusion, during product optimisation, excipients will be selected based on a varie
of acceptance criteria. The quantities included in the formulation will be finalised, based o
the performance characteristics of the excipient in the final product. At this stage it is impo
tant to fix the specifications of the excipients to ensure that the materials used, and hence th
product, will be consistent throughout development. Setting specifications is discussed i

following section.

Pack Selection and Optimisation Considerations

A logical approach to packaging optimisation s, first of all, to define the packaging funct]
followed by selection of the materials, then testing the performance of the packaging t
sure that it will meet all the product design and functional requirements that were identi
in the Product Design Report. ’

Product optimisation of the pack should initially focus on defining the primary pa
ing (sometimes referred to as “primary container” or “immediate container”). This is mo
evant to regulatory authorities because it is the primary packaging that is in direct contac
the drug product, including the closure, liner, and any other surface contacting the prod

The secondary packaging is that outside the primary pack, and by definition is not
rect contact with the drug product. Secondary packaging is often a carton or a blister,
may also function to protect the product from light or moisture. For example, it m
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. .
plr1 fterable‘tf) use a carton and a clear ampoule or vial, rather than an amber container for a
p ot ose.n51tt'1ve parenteral product, to allow users to inspect the contents of the package for
contamination or signs of instability. There ma i
_ . y be a requirement to have sterile seconda
. . r
pa(c):kag;ﬁg, fﬁr example, for a sterile product likely to be used in an operating theatre by a surY
eon. i 1 i
Ign on. 1t et }E’e armzcetitlgal company developing such a product should identify this require-
product design stage to ensure that the pack ilisati
t : and sterilisation
considered during development. In th jori ; Moy ok
nsid . e majority of cases, the purpose of the second
agin, i o . ndary pack-
ging is mmplx to l?e elegant in its appearance, provide clear labelling instructions and roi
a good marketing image. profec

ImpOItant SeleCthn and Optlml riteria 1o € y
sation crit i
- 1 1 T th prlmar paCkaglng may lnclude the

Satisfies environmental and legislative requirements for world-wide markets

*  Availability of a DMF
Ability to source from more than one supplier/country

Acceptable cost of goods (particularly if a sophisticated device)

+  Consistency of dimensions
+ Consistency of pack performance

Ability to meet function/user tests, customer requirements and specifications

Counli(:; ts:me e}t(apile“;ts, the gfltobal acceptability of some packaging materials varies from
country. This can often stem from environmen
. tal concerns and the negative im-
E:ec;[l fr(?(rinlthe need to dispose of packaging waste. For example, polyvinyl chloridt:.g (PVQC) is
widely to manufacture bottles and blisters for pharmaceutical products, but there is a
. . . ’
gﬁ)w.mtghconcefrn a(l;out its safe use and disposal in some countriés (Hansen 1999). Incinera
1on 1s the preferred method of disposal for PVC, wi i i : y
‘ , with the downside that i i
Materials that are readily bi rrod. This s o o1
y biodegradable, or that can be recycl is i
. . ycled, are preferred. Th -
ways possible with some types of synthetic materials. P ot
Mult; . - .
desmbl;ingle sourcmgh of SOI’;’lC synthetic polymeric materials may not always be possible, or
:, , because each supplier may have its own ran it i ;
' . ge of additives for the basic packagi
3 . ackagin
p,rztj‘rlil.tlﬁ is tberefore dlmport:lmt that, once the packaging material has been establi]zhed fgor g
: » there 1s an understanding between the pharmaceutical i
e the sty : It ical company and the supplier not
’ a or processing conditions without ¢ Itati
0 . ‘ onsultation. Any changes
- }lﬁglt _becocrlne apparent if the supplier has filed a DMF with the regulatory authoriZies Soﬁqe
gnar lcztel . drug delivery systems, such as valves for metering pumps used for nasal and pul-
s yI t elivery, can contain a multitude of components made of different materials and
-It1s important that the pharmaceutical company is made aware of any changes during

velopment so that the implicati
plications for product performance and stabili i
The role of the pack will include the following: bty canbe considered

tC;(:?tammer-lt and protection of the product: to ensure stability over shelf-life, pro-
. . ’

: ion to w1thstan?1 the influences of climate, distribution, warehousing and storage

uring use, protection for child safety. °

Presentati i
e dtatlc?? to‘the user (e.g., doctors, patients, parents): provides relevant informa-
> Identification, visually attractive appearance and assurance against tampering

Adminicteati . .
ministration of the product: provides convenient and consistent dose delivery.
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Protection of the Product

The formulation must be protected from the environmental elements of heat, light, moisture,
gaseous and sometimes chemical or microbial attack, as well as physical protection during
transport and handling. A product licence will not be granted unless the product quality,
safety and stability of the formulation in the commercial pack of choice over the declared
shelf-life has been demonstrated to the regulatory authorities. They will be looking for ac-
ceptable stability data when the product is stored under anticipated normal conditions, in ad-
dition to acceptable data from “accelerated” or stressed conditions. This might include, for
example, storage of the product in different orientations or in adverse conditions of extremes
of temperature and humidity. Appropriate stressed stability studies should demonstrate the
integrity of the container and closure and any possible interaction between product and con-
tainer. However, there is a possibility that components may be leached from packaging under
accelerated/stressed conditions, which may not occur under normal conditions of use. Accel-
erated studies can be very useful for compatibility testing and screening materials, but they
should be accompanied by long-term stability studies under normal conditions of use to con-
firm the suitability.

Other stress tests worth considering to establish the robustness of the product and pack
include vibration and impact testing. Successful testing should instil confidence that the
product can be transported and, to some extent, be physically abused (dropped) in the hands
of users.

Two specific instances where the regulatory authorities will usually request extensive in-
formation are sorption of active(s) or excipient(s) from liquid and semi-solid formulations
and leaching of pack components into liquid or finely divided solid preparations, over the
proposed shelf-life of the product.

Plastics and rubber materials used in containers and closure systems can contain certain
additives, for example, plasticisers, stabilisers, lubricants and mould-release agents. It is
worth asking the material suppliers what polymer additives are involved so that these can be
analysed when conducting compatibility studies. The regulatory authorities require that
these additives should not be capable of extraction into the formulation or leach from the
container/closure to contaminate the product. Mercaptobenzothiazole (MCBT) is a common
additive to rubber compositions used in closures for multidose parenteral containers, which
is extremely toxic. For synthetic polymeric materials, the leaching of additives can result in
morphological changes to the packaging materials. These changes may in turn affect physi-
cal properties such as hardness, stiffness, tensile strength or viscoelasticity, which can be vital
for pack performance. Leaking can be a problem because of the viscoelastic nature of some
injection closure compositions. Other less obvious properties may also be affected, such as_
gas permeability and absorption. Permeation of gases or water vapour through the containe
material can affect formulation stability if the candidate drug is susceptible to hydrolysis or
oxidation.

Drug and excipient interactions with the container may involve leaching, permeation
sorption, chemical reaction or modification of the physical characteristics of the polymer o
the product. During product optimisation, formulation factors, such as the pH, concentratio
of ingredients, composition of the vehicle (solvents and surface active agents), area of contac
and contact time, will need to be evaluated. Also, processing variables such as temperatur
might be important. There are cases where the drug may absorb into components of the pack
This can be a particular problem with protein/polypeptide drugs onto glass and plastic pack
aging components. The best known example of excipient adsorption or absorption is the los
of antimicrobial preservative from solutions to container/closure systems, most notably th
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rubber bungs of multidose injection containers, or the rubber gaskets used in metered dose
nasal pumps. The effective concentration in solution can be reduced to such an extent that the
product is no longer protected from microbial growth.

There is also the possibility of constituents from label adhesives migrating through poly-
ethylene or polypropylene containers. This is something to be aware of when carrying out
stressed compatibility testing and long-term stability testing. ¢

‘ Packagi{lg for sterile products must be effectively contained and sealed to prevent micro-
bla.l contamination, and must be robust enough to withstand any sterilisation process re-
quired. The sterilisation process can affect the leaching of components from the container into
the product or affect the physical properties of the container. For example, autoclaving can
soften plastic containers, and gamma irradiation can cause certain polymers to cross link

Other protective elements have also become important in recent years, namely thosé of

child resistance and tamper evidence. Child-resistant packaging originated in the United
States in the 1970s and was then introduced into Europe, adopted mainly in the United King-
dom and Germany. There has been an ongoing debate between pharmaceutical manufactur-
ers, container suppliers and regulatory authorities on how to ensure that there is a practical
balance between child safety and the pack being sufficiently user-friendly so that the elderly
and arthritic can obtain their medication. Tamper-evident containers are closed containers
ﬁtted V\{ith a device that shows irreversibly whether the container has been opened. Tamper ev-
idence is particularly important for sterile products, and has become increasingly desirable for
other products, to demonstrate that the product has not been interfered with.

. The FDA has published comprehensive information on container closure systems in a
guidance for industry document, “Submitting Documentation for Packaging for Human
Prugs and Biologics” (February 1987), shortly to be superseded by a new draft guidance for
industry, “Submission of Documentation in Drug Applications for Container and Closure
Systems used for the Packaging of Human Drugs and Biologics” (July 1999).

I

Presentation to the User/Administration of the Product

For traditional dosage forms, such as tablets and capsules, the role of the pack is mainly for
pr‘otection of the product during storage and presentation to the user. The design is not so
cr¥ti.cal for administration of the dose or performance of the product in the hands of the ad-
ministrator (doctor or patient). For other dosage forms, such as inhalers for respiratory drugs
and self-injection devices for parenteral products (e.g., insulin), the pack is an integral part if
Fhe drug product. These are often referred to as “drug delivery systems” because the packag-
Ing system or device in the hands of the administrator provides a means of ensuring that the
correct amount of active drug product is delivered to the site of action as easily,
conveniently as possible. ,

With metered dose inhalers (MDIs) for example, the FDA consider the drug product to
be the canister, the valve, the actuator, the formulation, any associated accessories (
ers) :flnd any protective secondary packaging. This is because the clinical efficacy of MDIs may
be dlre.ctly dependent on the design, reproducibility and performance characteristics of the
pac'kagmg and closure system. For these types of products, and other more sophisticated drug
fiehvery systems, it is important that these product performance aspects are addressed dur-
Ing t.he product optimisation stage. During development and before initiating critical clinical
studies, the performance characteristics of the MDI (e.g., dosing and particle size distribution

f)f the spray), in addition to the compatibility with the formulation, need to be thoroughly
Investigated.

reliably and

e.g., spac-
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Table 8.2 _
Information technology (IT) sources of information and development guidelines.

Comments

Information

Source

Food and Drug Administration Guidance for industry notes on Web site: http://www.fda.gov/
(FDA) various aspects of

pharmaceutical product

development, registration in the

USA and inspections

Web sites: http://www.eudra.org/
emea/cpmp and http://www.eudra.
org/w3/emea.html

Guidance for industry notes on
various aspects of product
development and registration in
Europe, e.g., “Excipients in the
dossier for application for
marketing authorisation of a me-
dicinal product (111/3196/91)"

Committee for Proprietary Medicinal
Products (CPMP) and European
Medicines Evaluation Agency
(EMEA)

Web site:
http://www.nihs.go.jp/

Guidance notes on registration
of pharmaceutical products in
Japan

National Institute of Health
Sciences, Japan

Web sites:
http://www.ifpma.org and
http://www.chugai.co.uk

Guidelines and information on
harmonised requirements for
product development and
registration

International Conference on
Harmonisation (ICH)

Web site for other regulatory Local regulatory guidance http://www.pharmweb.net/

authorities

UK Medical Devices Agency (MDA)  Medical device regulations and
guidance notes for industry on
European Directives for med-

ical devices

Web site: http://www.
medical-devices.gov.uk/

Book edited by M. E. Donawa.
Published by Interpharm

International Medical Device
Registration

A compilation of all the
regulations affecting medical
device registration world-wide

PDA Archive containing
research papers, technical
reports and conference
proceedings available on
CD-ROM; updated annually

Parenteral Drug Association (PDA)
and British Parenteral Society (BPS)

Technical reports and guidelines
prepared by industry on various
parenteral topics, e.g., Sterile
Pharmaceutical Packaging,
compatibility and stability (PDA)

Web site: http://www.mcc.ac.uk/
pharmweb/ifpma.html

International Federation of
Pharmaceutical Manufacturers
(FPMA)

information on pharmaceutical
manufacturers
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Several different definitions for an expert system have been used (Partridge and Hussain

1994; Turban 1995). They all state that an
expert system is an advanced computer program that mimics the knowl-
edge and reasoning capabilities of an expert in a particular discipline.

In essence, the programmer will build a system based on the expertise of one or more experts
so that it can be used by the layperson to solve difficult or ambiguous problems. The intent of
an expert system is not to replace the human expert but to aid or assist that person.

An expert system consists of three main components:

1. The user interface,

which is necessary for the expert system to interact with the user
and vice versa

2. The inference engine, the procedure which generates the consequences, conclusions,

or decisions from the existing knowledge extracted from the knowledge base

The knowledge base, the set of production rules that is supplied by the human expert
and encoded into rules so that the system can understand the information

Expert systems can be developed using a variety of techniques including conventional
computer languages (PASCAL and C), artificial intelligence languages (PROLOG, LISP and
SMALLTALK), and specialised tools known as shells or toolkits.

Expert systems shells are computer programs written in both conventional and spe-
cialised languages which are capable of forming an expert system when loaded with the rele-
vant knowledge. The development time of an expert system using a shell is much faster than
using conventional languages and has therefore proved to be the method of choice. Shells used
in product formulation vary from the relatively small and simple systems, such as Insight 2+
and Knowledge Pro, to the large and flexible Product Formulation Expert System (PFES) from
Logica (UK). PFES was developed from research work conducted by a consortium of Shell Re-
search, Logica (UK) and Schering Agrochemicals under the UK Alvey programme, 1985-1987
(Turner 1991).

To build a pharmaceutical formulation expert system, the formulation process has to be

broken down into a number of discrete elements in order to provide distinct problem-solving
tasks, each of which can be reasoned about and manipulated. However, as the formulation
process is so complex, none of these tasks can be treated independently. A means of repre-
senting interactions and communicating information between tasks is therefore required. For
example, one task may result in certain preferences that must be taken into account by subse-
quent tasks. To achieve this level of communication between tasks, the information in an ex-
pert system has to be highly structured and is therefore often represented as a series of
production rules. An example of a production rule is as follows:

IF (condition)

THEN (action)
UNLESS (exception)
BECAUSE (reason)
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Using a pharmaceutical example, this production rule would read:

IF the drug is insoluble
THEN use a soluble filler

UNLESS the drug is incompatible with the filler
BECAUSE instability will occur

The knowledge used in the production rules can come from many sources, including
human experts, textbooks, past formulations, company Standard Operating Procedures
(SOPs) and development reports. The knowledge contained within these can be broken down
into different types: facts which are the objects and concepts about which an expert reasons,
and rules and heuristics, which are often referred to as the expert’s rules of thumb. The dif-
ferences between rules and heuristics is that rules are always true and valid, whereas heuristics
are the expert’s best judgement in a particular situation and therefore may not always be true
(Rowe 1997). The knowledge will be input into the expert system shell by a knowledge engi-
neer. The knowledge engineer is an information technology expert who, through a series of
interviews with the formulation experts, will capture all the steps involved in the formulation
process. The knowledge engineer will then encode these tasks into a series of production rules
which he will build into the expert system. This process of knowledge acquisition can be very
time consuming and therefore very expensive.

Reference to the use of expert systems in pharmaceutical product formulation first ap-
peared on 27 April 1989 in the London Financial Times (Bradshaw 1989). This article was
closely followed by one in the same year by Walko (1989). Both these authors were describing
the work being undertaken by ICI (now Zeneca) Pharmaceuticals and Logica UK Ltd. to de-
velop an expert system for formulating pharmaceuticals using PFES. Since these first publica-

tions, many companies and academic institutions have published on work being conducted in
this area, as shown in Table 8.3.

Table 8.3
Published work on pharmaceutical formulation expert systems.

Formulation Company

System Reference

PFES

Tablets

ICI (now Zeneca) Rowe (1993a,b)

Cadila Laboratories PROLOG Ramani et al. (1992)
University of Heidelberg (GSH) C/SMALLTALK

Capsules Sanofi Research Division PFES Bateman et al. (1996)
Capsugel/University of London C Lai et al. (1995, 1996)
University of Heidelberg (GSH) C/SMALLTALK

Parenterals ICI (now Zeneca) PFES Rowe et al. (1995)
University of Heidelberg (GSH) C/SMALLTALK

Aerosols University of Heidelberg (GSH) C/SMALLTALK
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A flow diagram of the Zeneca tablet formulation expert system is shown in Figure 8.1.
The formulator enters the physicochemical information known about the drug, the specifica-
tion for the formulation and the formulation strategy (e.g., whether to use one or two fillers
in the product). The system then goes through a series of steps from which the filler, the
binder, the lubricant, the disintegrant, the glidant and the surfactant and their relative pro-
portions will be chosen. A formulation will then be recommended to the formulator. A series
of defined tests can be carried out on the formulation in order to ensure that it meets the orig-
inal specification. If it fails to satisfy the necessary requirements, the formulation can be opti-
mised by feeding back the results into the system. The system has been designed to give a
report on the decision processes used, that is, the production rules that fired during the de-
velopment of the formulation.

The following benefits have been seen from the development and use of formulation ex-
pert systems (Rowe and Upjohn 1993):

Protection of commercial knowledge. The expert system acts as a knowledge archive
for formulation information, thereby overcoming the problems of staff turnover.

Harmonisation of formulation processes and excipient usage, giving a guarantee of a
consistent approach to formulation within the same company.

Training aid for novice formulators. Inexperienced formulators can quickly learn
about a product or formulation area using an expert system. A spin-off from this is

to release the time of more experienced formulators currently involved in the train-
ing process.

+  Cost reduction. Based on the reduced time required for formulating and speed of de-
velopment, Boots claim that they have saved 30 formulator days per year since the in-
troduction of their sunscreen formulation expert system (Wood 1991).

+  Improved communication. The formulator and decision-making process is trans-
parent to everyone in the company.

In spite of the many perceived benefits, the development of expert systems per se over re-
cent years has been surprisingly slower than one would expect. One possible explanation for
this is that when the systems were first introduced, their capabilities were overestimated and
they were seen as the panacea to all formulation problems. This was obviously not the case,
but as a result, the systems are viewed with some degree of scepticism. Several reviews on the
issues and limitations with the development of an expert system have been published (Dewar
1989; Tinsley 1992; Rees 1996).

Further information on expert systems and the use of artificial intelligence software in
pharmaceutical formulation can be found in the literature (Rowe and Roberts 1998).

EXPERIMENTAL DESIGN

The concept of experimental design originated in the agricultural industry and was developed
by Sir Ronald Fisher. His first article appeared in the Journal of the Ministry of Agriculture in
1926, followed by a book The Design of Experiments in 1935. The concept of experimental de-
sign gradually spread to other industries, with the first publication of pharmaceutical rele-
vance appearing in 1952 (Hwang 1998). The popularity of experimental design techniques




310

Pharmaceutical Preformulation and Formulation

Figure 8.1 Flow diagram of the Zeneca tablet formulation.
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within the pharmaceutical sciences can perhaps be gauged by the number of relevant publi-
cations appearing in the pharmaceutical press; a search of International Pharmaceutical Ab-
stracts elicited 41 publications since 1990 in which design of experiments (DOE) techniques
were used for either formulation or process optimisation.

Pharmaceutical scientists are now almost universally aware of the disadvantages of tra-
ditional “one factor at a time” experimentation and recognise the advantages of a structured
statistical approach to product development, as described below. Despite this, the routine use
of experimental design in pharmaceutical development has only recently become wide-
spread. The slow uptake of DOE techniques may have been a consequence of the lack of suit-
able user-friendly software packages. Until recently, scientists were forced to rely on
SAS-literate statisticians, with the mechanics of data analysis being something of a “black
box”. This situation is changing with a number of easy to use software packages, such as
Modde and Design Expert, being available. The impact of this development cannot be over-
stated; with relatively little statistical training, scientists are able to build their own experi-
mental designs and analyse their data. Good statistical support remains of paramount
importance, however, for all but the simplest of experimental designs, so that potential pit-
falls are not overlooked. The key message from experience of using experimental design in

pharmaceutical development is the importance of the pharmaceutical scientist and the stat-
istician working side by side.

Benefits of Experimental Design

The potential benefits of using a structured statistically valid experimental design rather than
using traditional “one factor at a time” experimentation are summarised below and are illus-
trated by the examples given later in this section.

Savings in time, money and drug substance. This is particularly important in early for-
mulation development when both time and drug substance are usually at a premium.
The use of a suitable screening design, such as a fractional factorial, can allow the main
effects of a number of variables to be evaluated in a minimal number of experiments.

* Identification of interaction effects. One of the most important benefits of experimen-
tal design is that interaction effects between variables can be identified and quanti-
fied, as well as the main effects of the individual variables. This is vitally important
in instances where the effect of one variable is dependent on the level of another.

* Characterisation of response surface. By defining how a response variable responds to
changes in process variables, a process can be selected that is in a plateau region, thus
avoiding carrying out a process close to an optimisation precipice. In addition, a
knowledge of how a process responds to changes in one or more operating variables
is invaluable in instances where process deviations occur.

The Practical Use of DOE Techniques

A detailed discussion of the statistical principles underlying DOE techniques is beyond the
scope of this book. Rather, some literature examples are presented which serve to illustrate the
potential utility of DOE in all stages of pharmaceutical development.
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quality parameters considered to be important, such as the organoleptic and aesthetic prop-
erties of the product.

Stability studies are carried out during all stages of development of new drug substances,
formulated products, and where appropriate, novel formulation excipients. However, the sta-
bility design and type of testing will depend on the stage of the development process a'nd the
nature of the drug and product under test. The types of stability studies carried out during de-
velopment will typically include the following:

* Accelerated stress stability testing
+ Stability to support safety and clinical studies

Stability to support product licence applications

Accelerated Stress Stability Testing

These are studies in which samples are stored under conditions designed to stress the drug
substance or product. Techniques that can be used, and test conditions, are further discussed
in Chapter 6, “Preformulation Studies as an aid to Product Design in Early Drug Develop-
ment”. Generally, samples are exposed to extremes of temperature or humidity. Also, exposure
to intense light, metal ions and oxygen may be investigated. The aim of these studies is to pro-
vide information about the possible routes of degradation of the drug substance and what
chemical and physical factors will affect degradation. For the drug product, the compatibility
of the candidate drug with potential formulation excipients and packaging, routes of degra-
dation in potential formulations and the identity of the major degradation products can be
established. This information will provide important guidance to the formulator on the for-
mulation factors that will affect product stability. Stability data from accelerated studies can
also be used to predict shelf-lives at ambient conditions as discussed below.

Stability to Support Safety and Clinical Studies

Although real-time data provide the ultimate test of the defined shelf-life, the Prediction of
stability by the use of accelerated stress stability studies is vital in reducing the time tg estab-
lish shelf-lives for products used in safety and clinical studies. By applying the principles of
chemical kinetics to data from accelerated storage tests, predictions can be made of the rate of
decomposition at ambient temperatures. The Arrhenius relationship is often assumed for Fhis
modelling. However, this approach can sometimes fail to give good predictions when a.lpphed,
because more complex decomposition is occurring, involving both chemical and physical fac-
tors. In these cases, more complex predictive models can be applied, but it may be that only
real-time data can be used.

The regulatory authorities recognise that modifications are likely to be made to the

method of preparation of the new drug substance and formulation, and changes to the for-

mulation itself, during the early stages of development (Phases I and II). The emphasis should
generally be placed on providing information to develop a stable formulation, and to support :

a shelf-life suitable for the duration of the initial clinical studies. B
During Phases I and II, stability testing is required to evaluate the stability of formula-
tions used in these clinical studies. The duration of the stability study will depend on the

length of the clinical studies, usually 1-2 years. Data generated should be of the appropriate
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quality for submission to regulatory authorities, to support a Clinical Trials Application
(CTA) or Investigational New Drug (IND) submission, for example. The information may
also be used to provide supporting data for a Product Licence Application. These stability
studies will monitor changes in product performance characteristics and identify formulation
degradants produced under actual conditions of storage. Stability data should be sufficient to
obtain the additional information needed to develop the final formulation, and to select the
most appropriate primary container and closure.

Stability to Support Product Licence Applications

In stability testing to support a product licence application (usually conducted during Phase
III), the emphasis should be on testing the proposed commercial formulation stored in the
proposed market packaging, and using the final manufacturing process at the proposed com-
mercial production site. Alternatively, the process must be representative of the final manu-
facturing process at a scale which should be at least 10 percent of that proposed for full
commercial scale manufacture. Ideally, drug substance used should be synthesised using the
final process. Stability data will be required on at least three batches of drug substance, and for
product batches made from three different batches of drug substance and different batches of
excipients and packaging materials. If packaging components in contact with the product are
obtained from more than one supplier, and they are not considered to be equivalent, then
product packed in components from both suppliers should be tested.

Detailed regulatory guidelines are available to provide assistance to companies making
regulatory submissions, including recommendations regarding the design, conduct and use of
stability studies. These guidelines include, for example, the FDA guidance “Submitting Docu-
mentation for the Human Drugs and Biologics” (February 1987), shortly to be superseded by
the FDA draft guidance for industry “Stability Testing of Drug Substances and Drug Products”
(June 1998) and the Committee for Proprietary Medicinal Products (CPMP) notes for guid-
ance on “Stability Testing: Testing of New Drug Substances and Products” (CPMP/ICH/
380/95). Information is readily available from the Internet Web sites of various national and
international regulatory authorities and manufacturers’ associations:

* FDA (http://www.fda.gov/cder/guidance/index.html)
* CPMP (http://www.fda.gov/cder/ guidance/index.html)
* ICH (http://www.ifpma.org)

Much progress has been achieved by ICH in harmonising the requirements for stability
testing in the three areas of Europe, Japan and the United States. Thus, information generated
in any one of these three areas should be mutually acceptable in both of the other two areas,
thereby avoiding unnecessary duplication of effort. The FDA has incorporated many of the
ICH recommendations into its own guidance for industry document “Stability Testing of
Drug Substances and Drug Products” Examples are included where bracketing or matrixing
could be acceptable—for different strengths of the same product, different pack sizes and dif-
ferent batch sizes, for example. A bracketing design can be usefully adopted to reduce the
number of product strengths to be tested, but still cover the range of commercial product
strengths. Similarly, a carefully designed matrix of testing can be used to reduce the number
of product variants and time points tested, saving a lot of time and resource.
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DEVELOPING SPECIFICATIONS

A specification is defined by ICH as

The initial concept and basic requirements for both excipient and packaging specifica-
tions should have been identified at the product design stage. For example, the design re-
quirements for an antioxidant to be used in an IV injection may be of parenteral grade, GRAS
status or previously approved for use by regulatory authorities but must be compatible with
the active pharmaceutical ingredient under development. Similarly, the primary pack should
meet the basic product design requirements and be acceptable to regulatory authorities, avail-
able from multiple sources and reputable suppliers, a suitable volume for use and sealed to
maintain sterility; the container-closure system should be compatible with the formulation.

If compatibility testing of the pharmaceutically active ingredient, excipients and primary
packaging components are satisfactory, development specifications are prepared for excipients
and packaging materials to be used. These will contain essential information about the mate-
rials to be used, including the grade, proposed use, specific physical properties and any testing
required for investigational purposes. The quality of the raw materials used is vital to the ef-
fectiveness and quality of the finished product.

At the early stages of development, for example, to support Phase I studies, pharmaceu-
tical companies often accept excipient and packaging raw materials based on a certificate of
analysis (CofA) or Certificate of Conformance provided by the supplier. This is especially the
case if it is a reputable supplier of an established material used by the industry. This reduces
the pressure on the pharmaceutical company’s Analytical Department to develop methods to
test the materials at this early stage. The supplier may also provide useful information such as
details of the critical dimensions and drawings for packaging materials.

With a new supply source or a new material, a pharmaceutical company will usually want
to audit the supplier, prior to accepting the material on a CofA. They may even want to repeat
some of the tests on the CofA until there is confidence on compliance with the specification.
The pharmaceutical company will want to seek assurance from the supplier that they are qual-
ity conscious at every stage of their process, and have the facilities and internal systems and
procedures in place to be able to support this. .

As product development progresses, the critical qualities of the raw materials will be iden-
tified which affect final product quality, and results of investigational studies will be obtained,
to enable the specifications to be developed and refined.

Typical tests performed on raw materials, including the active pharmaceutical ingredient,
excipients and packaging components, are as follows:

a list of tests, references to analytical procedures, and appropriate accept-
ance criteria which are numerical limits, ranges, or other criteria for the tests
described. It establishes the set of criteria to which a drug substance or drug
product should conform to be considered acceptable for its intended use.

Specifications will be required for the pharmaceutical active ingredient, any excipients
used in the formulation, packaging components, and for the finished product (at time of
manufacture and over the shelf-life). In all cases, the specifications tests and limits will evolve
during development, as illustrated in Table 8.4. It is clearly beneficial to have full specifications
in place for the start of the Phase III pivotal clinical studies, when the product and process
should have been optimised, to ensure that there is equivalence between the product used in
Phase IIT and the commercial product.

Raw Material Specifications

The requirements for developing, testing and setting of specifications for raw ma‘te?ials,
whether they are New Chemical Entities (NCEs), pharmacopoeial active materials, excipients
or packaging materials, are essentially the same. Most emphasis is placed on establishing ex-
cipient and packaging specifications here because this usually involves an external supplier
and the pharmaceutical company working together.

Table 8.4
Development of specifications.

Commercial
Product

Phase | Phase H Phase Ili

Active Batch analysis; Draft specification; Full specification; Full specification;
certificate of analysis; test methods test methods test methods
test methods developed and developed and developed and

developing validated validated validated

Appearance, e.g., visual inspection, free from visible contamination

Identity tests, e.g., comparison with a standard or by direct analysis, conformance
with supplier’s drawing

Excipient Certificate of analysis Draft specification; Full specification; Full specification; . Chemical tests where appropriate, e.g., for active, related substances, impurities
and methods test methods test methods test methods
developing on developed and developed and developed and .

Microbiological tests where appropriate, e.g., bioburden, absence of specific micro-

functional properties organisms

being validated validated validated

Packaging Certificate of analysis Draft specification; Full specification; Full specificatio
and limited testing test methods test methods test methods
depending on developing and developed and developed and

functional properties being validated validated validated

Relevant physical properties, e.g., leak test, tensile strength, moisture vapour trans-
mission, closure removal torque

Dimensional analysis, e.g., for filling tolerances

Finished Batch analysis; draft Refined draft Full specification; Full specification; * Investigational tests, e.g., reproducibility of dosing devices, particle size distribution
Product specification; test specification; test test methods test methods of excipients

methods being methods developed developed and developed and- p

developed (provisional) and validated validated

partially validated Official compendia may provide tests and standards for listed excipients and for glass and

Plastic containers.
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Table 8.5
Process design considerations.

Factor Requirement Purpose
GMP
» Space Health and safety

* Organisation and layout

Facility

* Environmental control Product sensitivity to:

» Temperature * Temperature
* Humidity * Moisture
« Air quality * Particulates/micro-organisms

« Electrical zoned (flame proof) Allow solvents for cleaning

* Barrier protection Operator protection

Equipment » Type and design, e.g., bottom- or top- Suitability for process
mounted mixing elements, baffles, Mixing efficiency
heating/cooling jacket, etc.

+ Materials of construction Compatibility, extractives

« Range of sizes Ease of scale-up

« Access to internal parts Ability to clean/maintenance

Material Transfer * Product protection Clean/sterile product

Transfer *Operator protection Hazardous materials

Manufacturing variables + Order of addition of active and excipients Mixing effectiveness

+ Temperature Stability/dissolution
+ Speed Mixing effectiveness
« Time Mixing effectiveness

- Differences in excipient batches Robustness of process

Other process design factors to consider are the need for any in-process controls during
manufacture, with details of the tests and proposed limits. For example, the thickness, hard-
ness, friability and weight of tablets might be measured during the filling of a tablet product.
The tests and limits applied will be based on experience gained from product development;
optimisation and stability studies. Depending on the product being developed and type of
process, it may be necessary to conduct preliminary feasibility studies before the Process De-
sign Report can be written.

Process Optimisation

Process optimisation will define and investigate critical process parameters, varying these
within practical constraints to establish limits for the process parameters, within which ac-
ceptable product can be manufactured. Depending on the product being developed and type
of process, it may be necessary to conduct preliminary feasibility studies before proceeding to
process optimisation.
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A useful approach to process optimisation is to identify all the critical process parameters
that could potentially affect product quality or performance and prepare a Process Optimisa-
tion Protocol. Typically, data used to identify critical process parameters will be derived from
laboratory or pilot-scale batches, and do not need to be confirmed on full-scale batches un-
less the control of the particular parameter can only be evaluated on a production scale. There
is good incentive to use the production facilities at the earliest opportunity, drug availability
permitting, to iron out any transfer difficulties. Manufacture of the stability batches to sup-
port Phase III studies, and also the Phase III clinical batches, at the final commercial site
should minimise any questions from the FDA during PAI about possible differences between
R&D and Production process used.

The Process Optimisation Protocol should outline the programme of work required to
evaluate the effect of changes in the critical variables on product quality. This is in order to es-
tablish the working limits within which the process consistently produces product which
meets specification. Critical parameters may include

+  defining the order of addition of the active and excipients;

*  defining the optimum equipment settings, e.g., mixing speed;
*  optimising time-dependent process parameters;

*+  defining the optimum temperature range;

*  evaluating the effects of different excipient/active batches (within specification);
*+  setting in-process targets and controls; and

*  development of cleaning procedures for the process.

On completion of the work programme, a Process Optimisation Report should be writ-
ten. This will summarise the results of the activities specified in the protocol and provide a ra-
tionale to define the operating limits for the process and the critical parameters affecting
product quality or performance. The report should also conclude that the specifications for
the raw active, excipients, components, in-process and product can be met.

Process Capability and Robustness

Several pitfalls that are sometimes encountered with process development can hinder suc-
cessful technology transfer to production, i.e., if the process has not been designed or opti-
mised with production in mind or a representative scale of production has not been used for
the optimisation studies. For example, the sterilisation of a viscous ophthalmic gel by auto-
claving at R&D on a 2 kg scale did not require any mixing of the bulk product for efficient
heating and cooling. However, when transferred to production at a 100 kg scale, the heating
and cooling times were found to be extensive and the bulk contained hot spots because no
stirring mechanism had been specified in the vessel.

Another pitfall is to design a process where the operating limits for one or more critical
parameters are too narrow and cannot be consistently achieved. It is not acceptable if the
process can be performed only by “experts” in R&D. Many pharmaceutical companies apply
some measurement of process and equipment capability to demonstrate the reproducibility and
consistency of the process in meeting specification limits. The Process Capability Index (CpK)
is often used to measure the reproducibility as a function of the specification limits. It is nor-
mally, calculated from either of the two equations below, whichever gives the lowest number:
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Table 9.1
Buffers used in approved parenteral products.
Buffer pH Range
Acetate 3.8-58
Ammonium 8.25-10.25
Ascorbate 3.0-5.0
Benzoate 6.0-70
Bicarbonate 40-11.0
Citrate 2.1-6.2
Diethanolamine 8.0-10.0
Glycine 8.8-10.8
Lactate 2.1-4.1
Phosphate 3.0-8.0
Succinate 3.2-66
Tartrate 2.0-53

Tromethamine (TRIS, THAM) 71-91
Data abstracted from Powell et al. (1998), Flynn (1980) and Strickley (1999).

Tonicity Considerations

Wherever possible, parenteral products should be isotonic; typically, osmolarities between 280
anq 290 mOsm/L are targeted during formulation. Isotonicity is essential for LVPs, but again,
a wider range of osmolarities can be tolerated in SVPs, since either rapid dilution with blood

tration. Hypertonic solutions are preferable to hypotonic solutions because of the risk of
haefnolysw associated with the latter, Fortunately, hypotonic formulations can be easily
avoided by the use of excipients, often sodium chloride, to raise osmolarity. Mannitol, dex..

quently 'have dual functionality; for example, mannitol often functions both to increase th
osmolarity and to act as a bulking agent in lyophilized formulations,

. to bear in mind when formu-
lating parenterals is the “keep it simple” principle. Wherever possible, formulations should be
developed using excipients which have an established use in parenteral products administered
by the same route as the product under development. Both the excipient concentration, ra
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of administration and total daily dose should fall within the boundaries established by prece-
dent in existing marketed products. The (U.S. Food and Drug Administration) EDA Inactive
Ingredient Guide is a good place to start a search for information about a potential excipient,
as it consists of an alphabetical list of all excipients in approved or conditionally approved
drug products, and includes the route of administration of the products containing them. The
Physicians’ Desk Reference (PDR) provides an essential source of detailed information on
products available on the U.S. market and includes the quantitative formulation of each prod-
uct. This enables both the rate of administration and total daily dose of excipients in existing
products to be calculated. The PDR can be obtained in a CD-ROM format which has a word
search facility, thus providing a convenient means of searching for products containing a spe-
cific excipient. The PDR is also available in a web-based format, but unfortunately, this ver-
sion does not have the word search capability. In addition to these reference sources, two
excellent recent publications have specifically examined excipient usage in parenteral products
on the U.S. market. Powell et al. (1998) have developed a compendium which provides a com-
prehensive list of excipients present in commercial formulations, together with their concen-
trations and the routes of administration of products containing them. Nema et al. (1997)
carried out a similar review; their article presents the data as summary tables, enabling the fre-
quency of use and concentration range of a particular excipient to be obtained at a glance. As
this book goes to press, the first part of a review article entitled “Parenteral Formulations of
Small Molecule Therapeutics Marketed in the United States (1999)” has been published in the
PDA Journal of Pharmaceutical Science and Technology (Strickley 1999). This article provides
information similar to the publications of Powell et al. and Nema et al., but collates the infor-
mation in terms of formulation type and includes the structure of the active ingredients. It
also lists the concentration of excipients administered following dilution as well as the con-
centration in the supplied preparation, thus saving formulators the trouble of performing
these calculations themselves! Subsequent parts of this article are awaited with interest.

The information sources described above thus provide an invaluable resource to the par-
enteral formulator, The publications of Nema et al., (1997), Powell et al. (1998) and Strickley
(1999) provide an instant, comprehensive and up-to-date reference source on U.S. licensed
formulations, which can save the formulator many hours of trawling through the Physicians’
Desk Reference! It is unfortunate that the same level of detail is not available for products out-
side the United States where manufacturers are not obliged to disclose the quantitative details
of their formulations.

When considering the use of unusual excipients, or exceptionally high concentrations of
“standard” excipients, it is important to bear in mind the indication for which the product is
intended. An excipient which may be acceptable as a last resort in a treatment for a life-threat-
ening condition should not be considered for a product to be administered chronically or for
aless serious condition. A good example of this is the use of the solvent Cremophor EL in par-
enteral formulations of cyclosporin. This surfactant is associated with a range of toxic effects,
and its use would not be envisaged unless all other more acceptable formulation strategies had
been exhausted and the potential benefit of the treatment is such that the risk associated with
the excipient is outweighed.

Another important consideration for excipients to be used in parenteral products is their
quality, particularly in microbiological terms. Commonly used parenteral excipients can often
be obtained in an injectable grade which will meet strict bioburden and endotoxin limits.
Pharmacopoeial grades of other excipients may be acceptable, but it is prudent to apply in-
house microbiological specification limits, where none are present in the pharmacopoeias. For
non-pharmacopoeial excipients, the best approach is always to purchase the highest grade
available and apply internal microbiological specification limits.
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STERILITY CONSIDERATIONS

The requirement for sterility in parenteral products is absolute and must be borne in mind at
all stages of formulation and process development. The regulatory environment now requires
that parenteral products be terminally sterilized unless this is precluded, usually by reason of
instability (see the section “Manufacturing of Parenteral Products”).

For a solution product, one of the earliest investigations carried out during formulation
development will be a study of the stability to moist heat sterilization. The results of this study
may impact the formulation selection; for example, the stability to autoclaving may be af-
fected by solution pH. Where stability is marginal, attempts should be made through the for-
mulation process to stabilize the product such that it can withstand the stresses of moist heat
sterilization. The regulatory authorities will expect to see good justification for new products
that are not terminally sterilized. In many cases, however, the product will simply not with-
stand the stresses associated with autoclaving, and in this case, the usual alternative is filtra-
tion through sterilizing grade filters followed by aseptic processing. For the formulation
scientist, it is important to select a suitable filter early on in development and ensure that the
product is compatible with it.

Whilst the vast majority of parenteral products are rendered sterile either by moist heat
sterilization or by filtration through sterilizing grade filters, other methods of sterilization
should be considered, particularly in the development of non-aqueous formulations or novel
drug delivery systems. For implants, for example, gamma irradiation is an option that should
be explored early on in development. 4'

Preservatives should not usually be included in parenteral formulations except where a
multidose product is being developed. The Committee for Proprietary Medicinal Products
(CPMP) “Notes for Guidance on Inclusion of Antioxidants and Antimicrobial Preservatives in
Medicinal Products” states that the physical and chemical compatibility of the preservative (or
antioxidant) with the other constituents of the formulation, the container and closure must
be demonstrated during the development process. The minimum concentration of preserva-
tive should be used, which gives the required level of efficacy, as tested using pharmacopoeial -
methods. Certain preservatives should be avoided under certain circumstances, and preserva-
tives should be avoided entirely for some specialised routes. The guidelines also require that
both the concentration and efficacy of the preservative are monitored over the shelf life of the
product. In multidose injectable products, the efficacy of the preservative must be established
under simulated in-use conditions. Table 9.2 shows some of the most commonly encountered
preservatives in licensed products and their typical concentrations.

STRATEGIES FOR FORMULATING POORLY SOLUBLE DRUGS

Increasingly, formulation scientists are being asked to develop parenteral formulations of
compounds with solubilities in the order of nanograms or micrograms per millilitre. This
presents enormous challenges, particularly given the limited range of excipients which have
been used historically in injectable products. This section briefly describes some of the strat
gies which can be considered and highlights some of the issues associated with each. For a

more detailed review of this area, the reader is referred to the recent review by Sweetana and
Akers (1996).
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Table 9.2
Preservatives used in approved parenteral products.

Preservative Typical Concentration (%)

Benzyl aicohol 1-2
Chlorbutanol 0.5
Methylparaben 0.1-0.18
Propylparaben 0.01-0.02
Phenol 0.2-05
Thiomersal =0.01

Data abstracted from Nema et al. (1999) and Powell et al. (1999).

pH Manipulation

As discussed in the section “Guiding Principles for Simple Parenteral Solutions”, the accept-
able pH range for parenteral products is reasonably wide. Where the poorly soluble com-
pound is a salt, pH manipulation may be all that is necessary to achieve adequate solubility.
The potential for precipitation after administration should be considered when using this ap-
proach, however. When administration is via the intramuscular and subcutaneous routes,
consideration must be given to the possibility of pain on injection, particularly when the

product is intended for chronic use. This may preclude the use of pH extremes and favour al-
ternative formulation strategies. ’

Co-solvents

Co-solvents are reportedly used in 10 percent of FDA approved parenteral products although
the range is limited to glycerin, ethanol, propylene glycol, polyethylene glycol and N,N-di-
methylacetamide (Sweetana and Akers 1996). Some marketed formulations containing co-
solvents are shown in Table 9.1. The use of co-solvents is often one of the earliest options con-
sidered by the formulator when solubility is an issue. Quite often, mixtures of co-solvents are
used so that the dose or concentration of individual solvents can be minimized, and any syn-
ergistic effects can be maximised. The concentration of co-solvent(s) which is acceptable will
vary depending on the route, rate of administration and whether the product is to be given
chronically. Again, the formulator will do well to be guided by the established precedent in

marketed products and is once again referred to the publications of Powell et al. (1998) and
Strickley (1999).

Non-aqueous Vehicles

Poorly soluble drugs for intramuscular administration can be formulated in a non-aqueous
vehicle; this can have the additional benefit of providing a slow release of the active moiety.
Oily vehicles have been used historically; the most commonly encountered is sesame oil, and
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six products containing it are listed in th
€Ver, now require the specific oil to be in.
allergic reactions to certain vegetable oils
decreased use. Formulations consisting
also been developed, and examples are i

e PDR (Nema et al. 1997). Federal regulations, how-
cluded in the product labelling, because of the risk of
. This and the irritancy of oily vehicles has led to their

entirely, or almost entirely, of organic solvents have
ncluded in Table 9.3.

Surfactants

Surfactants, generally the polyscrbates, are frequently encountered in parenteral products but

genere‘illy at very low levels (<0.05 percent) and most commonly to prevent aggregation in for-
mulations of macromolecules (see the ion “ i

of polysorbate
, such that the maximum

» respectively. It

Table 9.3

solvent containing marketed products.
Active Ingredient Route Ve

ehicle Composition Special Instructions .
Diazepam IM/IV 40% Propylene glycol Inject slowly (at least

1 min/mL} if giving IV.
Do not use small veins.

The formulations of some co-

10% Ethyl alcohol

5% Benzoate buffer

1.5% Benzyl alcohol
Co-trimoxazole v

40% Propylene glycol Must be diluted with
10% Ethyl alcohol 5% dextrose infusion.

0.3% Diethanolamine DlSCa{‘d " .cloudy orif
there is evidence of
Crystallization.

0.1% Sodium metabisulphite
Etoposide v ’

65% w/v PEG 300 Must be diluted. At
30.5% w/v Alcohol concentrations

1% Benzyl alcohol

>0.4 mg/mL
8% w/v Pol L '
o WiV Polysorbate 80 precipitation may
3% w/v Benzyl alcohol occur.

0.2% w/v Citric acid

Loxapine M

70% Propylene glycol

5% Polysorbate 80 :
Lorazepam V/IM

80% Propylene glycol Dilute twofold for |V
18% Ethanol injection.

2% Benzyl alcohol
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is worth noting, however, that the polysorbate component of Cordarone IV has been impli-
cated in a few cases of acute hepatitis which have developed within hours of the start of ad-
ministration. Somewhat higher levels of surfactants can be tolerated in products intended for
the subcutaneous or intramuscular route. Aquasol A (vitamin A palmitate as retinol) for intra-
muscular administration, for example, contains polysorbate 80 at a level of 12 percent.

Complexing Agents

Complexing agents, in this context, are molecules that have the ability to form soluble com-

plexes with insoluble drugs. The most well-known examples are the cyclodextrins which have
been widely studied as agents for solubilization and stabilization. They are able to increase the
aqueous solubility of some poorly soluble drug molecules by orders of magnitude, as a result
of their ability to form inclusion complexes. Cyclodextrins are oligosaccharides obtained from
the enzymatic conversion of starch. Depending on the number of glucopyranose units, they
are named as « (six units), B (seven units) or y (eight units). These parent molecules can then
be further substituted at the hydroxyl groups to alter the properties of the molecule. The na-
ture of the substituents and the degree of substitution will influence the aqueous solubility,
complexing capacity and safety of the molecules. An excellent review of the characteristics of
cyclodextrins has recently been published (Thompson 1997). In addition, Stella and Rajewski
(1997) have reviewed the use of cyclodextrins in drug formulation and delivery, and this pro-
vides an excellent summary of the “status quo” in terms of their toxicology and use in phar-
maceutical formulations.
Although the potential of cyclodextrins as solubilizing and stabilizing excipients has been
the subject of numerous research papers over the last decade,
proved the first commercial parenteral products containing t
jection contains a-cyclodextrin at a concentration of approximately, 1 mg/mL. This product is
unusual, however, in that it contains an unsubstituted cyclodextrin. In general, the unsubsti-
tuted a- and B-cyclodextrins are not considered suitable for parenteral use because they can
cause severe nephrotoxicity. This has led to the development of modified cyclodextrins.
Hydroxypropyl-B-cyclodextrin is the most popular of the cyclodextrin family for use as a sol-
ubilizer in parenteral solutions because of its low toxicity and high inherent solubility.
The first parenteral product containing this derivative (itraconazole) was approved in April
1999. This product contains 40 percent hydroxypropyl-B-cyclodextrin and is administered in-
travenously after a two-fold dilution with saline (Strickley 1999). Although IV grades of hy-
droxypropyl-B-cyclodextrin are now commercially available, its widespread use has been
hampered not only because of the inherent difficulties associated with introducing a new ex-
cipient but also because it is the subject of a Janssen/National Institutes of Health (NIH)
patent which does not expire in Europe for several years. Until this time, other companies
wishing to incorporate this derivative into a commercial IV formulation will need to obtain a
license from either NIH or Janssen. The sulphabutyl ether derivative is also suitable for par-
enteral use and is present in at least one formulation in clinical development, but here again,
there are patent issues hampering its widespread application. Nevertheless, the use of
cyclodextrin derivatives is often the only method of achieving sufficiently high aqueous con-
centrations of poorly soluble molecules, and they are now widely used within the pharma-
ceutical industry in preclinical formulations. One could speculate that the upcoming expiry of
the Janssen/NIH patent, coupled with the recent approval of the itraconzole formulation, is

likely to lead to their routine consideration as a first-line approach in the formulation of
Poorly soluble drugs.

the FDA has only recently ap-
hem. Edex (alprostadil) for in-

SR
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Emulsions

Parenteral emulsions were first introduced to provide an IV source of essential fatty acids and
calories. This has developed into the extensive and routine use of products such as Intraplipid,
Lipofundin and Liposyn in total parenteral nutrition. There are relatively few commercially
available emulsions containing active compounds; the only example on the U.S. market is
Diprivan® Injectable Emulsion, the formulation of which is shown in Table 9.4. Diazepam is
also available as an injectable emulsion on the UK market (Diazemuls®)
discussion of the issues involved in developing parenteral emulsions,
Collins-Gold et al. (1990).

All parenteral emulsions are oil-in-water formulations, with the oil as the internal phase
dispersed as fine droplets in an aqueous continuous phase. An emulsifier, usually egg or soy
lecithin, is needed to lower the interfacial tension and prevent flocculation and coalescence of
the dispersed oil phase. Mechanical energy, usually in the form of homogenization,
to disperse the oil phase into droplets of a suitable size. For [V administration,
should be below 1 wm to avoid the potential for emboli formation.

Clearly, physical stability is of critical importance for emulsion formulations, and care
must be taken to ensure not only that the product itself is physically stable but that any infu-
sion solutions which may be prepared by dilution of the emulsion are also physically stable
over the required period of time. In addition, parenteral emulsions should be able to with-
stand the stresses associated with moist heat sterilization. Alternatively, if this cannot be |
achieved, it may be possible to prepare an emulsion aseptically from sterile components, pro-
vided the process can be suitably validated. For a good introduction to the formulation and
preparation of IV emulsions, the reader is referred to Hansrani et al. (1983).

. For a more detailed
the reader is referred to

is required
the droplet size

STRATEGIES FOR FORMULATING UNSTABLE MOLECULES

Water Removal

The most common mechanism of instability in parenteral formulations is hydrolysis. Regard-
less of whether the formulation is a true solution, co-solvent solution, emulsion or contains a
complexing agent, the largest component of the formulation is likely to be water. Frequently,
the only formulation strategy which will result in adequate stability is water removal. This is
usually (although not exclusively) achieved by means of lyophilization. Lyophilization has a
number of advantages over other potential drying methods, such as the ability to obtain anel-
egant end-product with a very low moisture content, and significantly, the fact that it is
amendable to being carried out in an aseptic environment.

Lyophilization is essentially a three-stage process. Following standard aseptic filling, par
tially stoppered vials are transferred to a steam sterilizable lyophilizer in which drying is car.
ried out. Initially the product is frozen to a low temperature (typically, -30 to -40°C). Durin
primary drying, a high vacuum is applied, and ice is removed via sublimation.
ary drying stage, the product is heated under vacuum to 20—40
removed by desorption. Products with very low moisture cont
achieved. The process also allows vials to be backfilled with
than atmospheric pressure, prior to stoppering,
vials. At the end of the lyophilization cycle,
removal of the product from the chamber,

In the second:
°C, and any remaining water i
ents (<2 percent) can easily b
nitrogen, usually to slightly les
thus creating an inert environment within the
the stoppers are fully inserted into the vials befor
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Table 9.4
Diprivan® injectable emulsion formulation.
Component Concentration
Propofol 10 mg/mL
Soybean oil 100 mg/mL
Glycerol 22.5 mg/mL
Egg lecithin 12 mg/mL
Disodium edetate 0.005%
Sodium hydroxide gs
Water for Injection to 100%

The development of lyophilized products is a specialized area and requires a detailed un-
derstanding of the thermal properties of the formulation. Subambient differential scanning
calorimetry studies are required to identify the eutectic melting temperature (Te) (in the case
of a crystalline solute) or the glass transition temperature of the maximally concentrated
solute (Tg") (for an amorphous solute). The latter is closely related to the collapse tempera-
ture (Tc) which effectively represents the maximum allowable product temperature during
the primary drying or sublimation phase of the process. Both Tc and Te can be estimated
using freeze-drying microscopy, a technique in which the freeze-drying process is observed on
a microscale, and the collapse or melting temperature visually determined. Lyophilized prod-
ucts usually contain excipients to act as bulking agents and/or improve the stability of the
product. When the requirement is principally for a bulking agent, mannitol tends to be the
favourite choice of formulators. Mannitol is a crystalline material with a Te of about -2°C and,
as such, is easily freeze-dried to give a self-supporting cake with good aesthetic properties. On
the other hand, where an increase in stability is desired, an amorphous excipient (such as
sucrose) is preferred since, once dry, the unstable compound will be “dispersed” in an amor-
phous glass with often greatly improved stability. The downside of formulating with amor-
phous excipients is that their low Tg’ values (approximately ~32°C for sucrose) result in long
lyophilization cycles. The formulator must also ensure that the product reconstitutes rapidly
and that reconstitution time as well as chemical integrity are not adversely affected by storage.

For a detailed discussion of lyophilization, the reader is referred to Jennings (1999). In ad-
dition, a thorough review of the manufacturing and regulatory aspects of lyophilization is
provided in Good Pharmaceutical Freeze-Drying Practice (Cameron 1997)

Use of Excipients

Excipients may be useful in preventing chemical and physical instability. Antioxidants are in-
cluded in parenteral formulations, although their use is now in decline, and EU guidelines dis-
courage their use unless no other alternative exists (see the section “Parenteral Products and
the Regulatory Environment”). A preferred method of preventing oxidation is simply to
exclude oxygen; this is usually achieved by purging the product with nitrogen and creating a
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nitrogen heads

pace within the container. Where this i
disodium ed

s insufficient, a metal chelator, such ag
as ascorbic acid or sodium metabisul-

are included in marketed products typically at levels of up to

0.05, 1 and 0.3 percent, respectively.

Non-aqueous Vehicles and Emulsions

For the intramuscular and subcutaneous routes,
sidered as a method of avoiding hydrolysis. For
emulsion is a possible, although little used, opti
tion “Strategies for Formulating Poorly Soluble

the use of non-aqueous vehicles may be con-
IV administration, the use of an oil-in-water

on. These approaches are discussed in the sec-
Drugs”

STRATEGIES FOR THE FORMULATION OF MACROMOLECULES

Macromolecules present unj
size and complex structural
cult to prevent,

Proteins are composed of an amino acid backbone

. : which defines their primary structure,
The amino acid side chaing

‘ hydrogen-bond to each other, creating areas of local order such as
« helices and B-pleated sheets. These types of arrangement are known as secondary structure,
The overall folding of the molecule, which defines jts three-dimensional shape, is known ag
the tertiary structure, Finally, some proteins, such as haemoglobin, are composed of more than
one subunit; the spatial arrangement of these subunits is known as the quarternary structure,

methods, and techniques such as sodium dodecyl sulpfate-polyacrylamide gel elec
(SDS-PAGE) and size exclusio

ity. In addition, protein molec

: ules have a tendency to adsorb to surfaces such as fi
Itis clear that the formulation of a macromolecule is far fr

understanding of protein chemistry in order that de
and degradation prevented. However,
molecules, namely,

lters.
om simple and requires a good
gradation pathways can be understood
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Table 9.5
Excipients encountered in formulations of macromolecules.

Excipient Function

Polyhydric alcohols, e.g., mannitol Stabilisation, bulking agent

Carbohydrates, e.g., sucrose Stabilisation

Amino acids, e.g, glycine, arginine
Serum albumin

Stabilisation, buffer, solubilisation

Prevention of adsorption
Surfactants (e.g., Tween 80, Pluronic F68)

Prevention of adsorption and aggregation
Metal ions

Stabilisation

Antioxidants Prevention of oxidation

Chelating agents (e.g., EDTA) Prevention of oxidation

LIPOSOMAL DELIVERY SYSTEMS

Liposomes are single or multilayer phospholipid vesicles,
They are capable of entrapping both water-soluble and lipi
parenteral formulations has exploited their preferential dis
uloendothelial system (RES) and their ability to accumul
flammation and infection. Liposome encapsulated amph
than the free drug because of the altered pattern of biodist
A sophisticated approach has been developed (comme
which polyethylene glycol is grafted to the surface of the lipsome, resulting in prolonged cir-
culation of the liposomes in the bloodstream. A doxorubicin product which uses this ap-
proach (DOXIL®) is now commercially available (Martin 1999).

typically less than 300 nm in size.
d-soluble compounds. Their use in
tribution to the organs of the retic-
ate preferentially at the sites of in-
otericin B is considerably less toxic
ribution (Betageri and Habib 1994).
rcialised as Stealth® liposomes), in

SUSTAINED-RELEASE PARENTERAL FORMULATIONS

The chronic administration of molecules,
not be given orally,
be considered is the
jection. Other non-
both of which have

which have a short biological half-life and can-
presents a difficult challenge to formulators. One strategy which might
development of a sustained-release intramuscular or subcutaneous in-
parenteral options could include the inhalation or intranasal route,
their own unique challenges. Sustained-release parenteral formulations
might also be required in circumstances where patient compljance is likely to be poor. This
consideration has led to the development of some antipsychotics and contraceptives as
Sustained-release injections. Table 9.6 lists some of the sustained-release parenteral prod-
ucts which are available on the U.S. market and their respective formulations. The typical

approaches used in the formulation of sustained-release parenterals are summarised in this
section.

-
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Table 9.6

Examples of sustained-release parenteral formulations,
Compound Route Formulation
Penicillin-G benzathine

IM (aqueous suspension) 0.5% Lecithin
0.6% Carboxymethylcellulose
0.6% Povidone
0.1% Methylparaben
0.01% Propyiparaben

in sodium citrate buffer
Haloperidol IM (oily vehicle) 1.2% Benzyl alcohol

in sesame oil
Leuproiide acetate IM (microsphere suspension) After reconstitution:

0.13% Gelatin

6.6% dl-Lactic and glycolic acid
copolymer

13% Mannitol
0.2% Polysorbate 80
1% Carboxymethylcellulose

in WF|
Dexamethasone acetate IM/ soft tissue 0.67% Sodium chloride :

(aqueous suspension) 0.5% Creatinine

0.05% Disodium edetate
0.5% Sodium
carboxymethylcellulose
0.075% Polysorbate 80
0.9% Benzyl alcohol
0.1% Sodium sulphite
in WF|

Oily Vehicles

The use of oily vehicles as an approach for the formulation of poorly soluble molecules is di:
Fussed in the section “Non-aqueous Vehicles” For molecules which possess good oil solubil
ity, a sustained-release profile may also be achievable. The nature of the sustained-releas
profile will depend to a large extent on the oil/water partition coefficient of the molecy]

question. Molecules which are not oil miscible could also be formulated as oily suspensions
The latter will usually result in a longer duration of action, because the drug particles m

dissolve in the oily phase prior to partitioning into the aqueous medium (Madan 1985).
use of oily vehicles would not normally be considered as a first-line approach for new form
lations, however, because of concerns over allergic reactions to the ols, .

)_1
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Aqueous Suspensions

This approach can be used to prolong the release of compounds with limited aqueous solu-
bility. A suspension of a compound in its saturated solution can provide both immediate-
release and sustained-release components of a dose (Madan 1985). A number of water-
insoluble prodrugs are also formulated as suspensions, including hydrocortisone acetate and
medroxyprogesterone acetate. As with any other type of suspension, excipients will usually be
required to ensure the physical stability of the formulation. Strickley’s (1999) article provides
a table of parenteral suspension formulations; the most popular excipient combinations are
clearly polyethylene glycol/Tween 80 and carboxymethylcellulose/Tween 80.

Perhaps the most well-known example of a parenteral suspension formulation is insulin.

Many insulin formulations also take advantage of the different physical forms which can be
produced when insulin is complexed with zinc. Suspensions of the amorphous form of insulin
zinc have a faster onset of action and shorter duration of action compared to those of the crys-
talline form. In order to provide both a rapid onset and a long duration of action, many for-
mulations are composed of a mixture of amorphous and crystalline zinc insulin.

Emulsions

For a molecule with a high aqueous solubility, the use of a water-in-oil two-phase emulsion
or a multiple phase water-in-oil-in-water emulsion may enable a measure of sustained-release
to be achieved. In either case, the nature of the sustained-release delivery profile will be a func-
tion of the partition coefficient of the molecule between the two phases, which will define the
rate at which the molecule is available for absorption.

Microspheres

Polymeric micropsheres, particularly those prepared from the biodegradable polylactide/
polyglycolide polymers, have been widely investigated as a means to achieve sustained par-
enteral drug delivery. The advantage of formulating the polymeric matrix as microspheres is
the ability to administer them via a conventional needle and syringe as a suspension formula-
tion, rather than as an implant (see below). Lupron® depot formulations are available which
can provide therapeutic blood levels of leuprolide acetate for up to four months. These prod-
ucts are presented as lyophilized polylactic acid microspheres which are reconstituted to form
a suspension prior to administration.

Implantable Drug Delivery Systems

Implantable delivery systems extend the concept of sustained release beyond the capabilities
of the strategies discussed so far in this section. Continual drug delivery lasting for months or
€ven years has been achieved. Because these products must be administered as a solid rather
than a liquid, they are usually supplied with a customised injection device.

The number of marketed implantable products is relatively limited, probably due in part
to the limited market for this type of product. The most well-known example of an im-
Plantable delivery system is the Norplant® contraceptive device which can deliver levonor-
8estrel for up to five years. The device is composed of a number of capsules fabricated from

Silastic® (dimethylsiloxane/methylvinylsiloxane copolymer)
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from a batch are well known, and attention js now well and trul
it is advisable to tion. The validation program must encompass facilities, instrum
ing process, since tainer and closures, clean room garments and gowning procedur

which may lead to prod- media simulations of aseptic processes. Guidance on the freque
such as Teflon-coated, be filled in media simulations can be found in the publications

ciation and the Parenteral Society (see the section “Parenteral Products and the Regulatory
Environment”). In a production environment, a simulation of each aseptic process will typi-
cally be carried out at six-month intervals. It is important that media fills include planned in-
uire some degree of sil- terventions, such as filter changes, so that such interventions can be permitted during a
lling lines, and they can be pur- manufacture if required. In addition, holding times after filtration should be validated. Where
€l aged in ready-to-sterilize bags. a product is lyophilized, the media simulation must incl
to-sterilize format should be tested by the supplier the lyophilizer and should also include pulling and relea
essential to ensure that all personnel participating in ase
and aseptic operators are required to participate in regul
ement of aseptic process validation is environmental mo
ency situation. A manufacturers are expected to know the organisms whic
specialize in this technology, to establish acceptable limits.

¢t manufacturing With the majority of parenteral products sterilized by filtration, it is not surprising that the
validation of filtration processes is receivin g increasing regulatory interest. The 1998 PDA Tech-
nical Report No. 26 discusses this topic in detail (see the section “Parenteral Products and the
Regulatory Environment”). There is now a regulatory expectation that the bacterial retention ,;
capability of sterilizing filters is demonstrated in the presence of product rather than simply x
water. Fortunately, the major pharmaceutical filter companies now have specialised validation n
laboratories which are able to provide filter validation services. All filters used in a process, in- 3
cluding vent filters, must also be integrity tested before and after use. Organisms have recently '
been identified which are capable of passing through 0.22 pm filters; and the filter companies
are now starting to launch 0.1 pm filters. One might imagine that the day will come when the
use of 0.1 wm filters becomes the industry “norm”, although a 1997 editorial in the Journal of
the Parenteral Drug Association advised those in the industry to resist this development. Man-
. . ~ ufacturers are required to have a knowledge of the type of organisms which may be present in
media-filled via] i L « . e ; the solution to be filtered; provided that these do not have the ability to pass through a 0.22 pm
physical tests to . L ; . o ¢ ' filter, there is no compelling scientific argument for the use of 0.1 wm filter.
only where thos i : ! i For products which can withstand sterilizat;
validation exercise will clearly be the sterilization process. A detailed discussion of sterilization
is beyond the scope of this chapter (for this, the reader is referred to the recent text by Nord-
hauser and Olson [1998]) but the premise central to all methods of sterilization is the concept
of a log-reduction in viable organisms. Pharmacopoeias now require an assurance that there
is less than one chance in a million that viable microorganisms are present in a sterilized arti-
cle or dosage form (Hall 1994). Achieving the required sterility assurance level of 10~6 is of
course dependent on the initial microbiological loading of the material to be sterilized, and so
it is vital to have knowledge of the initial bioburden and to set limits for this. For terminally
sterilized products, the focus of the validation exercise will be in providing an assurance that
Sterilizing conditions have been reached in all units. Thus only loads and loading patterns
Which have been validated, usually by means of biological indicators, can be used. The con-

cept of validated loading patterns also applies to the sterilization of equipment and packaging
fOmponents to be used in an aseptic process.

y focussed on process valida-
entation, sterilization of con-
es as well as including regular
ncy and numbers of units to
of the Parenteral Drug Asso-

ude loading into and removal from
sing partial vacuums. It is obviously
ptic processes are adequately trained
ar media fills. Another important el-
nitoring and particulate monitoring;
h may be present in their facility and

Specification.
Increasingly parenteral
such as pre-fi]

on in their final container, the focus of the

probability of microbial ingress (X

MANUFACTURING OF PARENTERAL PRODUCTS

‘The manufa'cture of parenteral products is focussed at a]] times on the requirement for ste’fﬂ
ity of the finished product. Despite the fact that the regulators are clear in their preference

prO('i}lC‘tS to be terminally sterilized, the vast majority of parenterals are ﬁltp d throﬁ
sterilizing grade filters and filled aseptically, primarily because stability er p:

clude the use of moist heat sterilization. The statistical limitations of steri

considerations pr The final stage in the manufacture of a sterile product is inspection. A 100 percent in-

lity testing a samp Sbection for particulates, cracks and defects is a regulatory requirement. The inspection may
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Guidance for Industry

Container Closure Systems for Packaging Human Drugs and Biologics

Submission of Documentation for Sterilization Process Validation in Applications
for Human and Veterinary Drug Products

+  Container Closure Integrity Testing in Lieu of Sterility Testing as a Component of the
Stability Protocol for Sterile Products

- Stability Testing of Drug Substances and Drug Products

EMEA Guidelines

First Opening or Following Reconstitution

*  Notes for Guidance on Development Pharmaceutics
* Development Pharmaceutics for Biotechnological and Biological Products
Decision Trees for the Selection of Sterilisation Methods

+  Notes for Guidance on Inclusion of Antioxidants and Antimicrobial Preservatives in
Medicinal Products

PDA Technical Reports

* Technical Report No. 22: Process Simulation Testing for Aseptically Filled Products,
50, S1, 1996

Technical Report No. 23: Industry Survey on Current Sterile Filtration Practices, 51
S1, 1997 .

+  Note for Guidance on Maximum Shelf-Life for Sterile Products for Human Use after ’

Technical Report No. 24: Current Practices in the Validation of Aseptic Processin
51, 82,1997

Technical Report No. 25: Blend Uniformity Analysis: Validation and In-Process Tes
ing, 51, S3, 1997 -

+  Technical Report No. 26: Sterilization Filtration of Liquids, 52, S1, 1998
+  Technical Report No. 27: Pharmaceutical Package Integrity, 52, S2, 1998

+  Technical Report No. 28: Process Simulation Testing for Sterile Bulk Pharmaceutic
Chemicals, 52, S3, 1998

*+ Technical Report No. 29: Points to Consider for Cleaning Validation, 52, 6, 1998

*  Technical Report No. 30: Parametric Release of Sterile Pharmaceuticals Termina
Sterilized by Moist Heat, 1999

+  Technical Report No. 31: Validation and Qualification of Computerized Laborato :
Data Acquisition Systems, 53, 4, 1999
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