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Preface

Pharmaceutical packaging is a subject that rarely comes to mind when thinking
of drugs, medical devices, or other divisions of the health care industry.
Packaging done well provides protection, sterility, and safety. Health care
professionals and patients hardly give it a thought. Packaging done poorly
usually means a package that is hard to open. These perceptions and the almost
invisible presence of packaging science in most peoples’ understanding of
pharmaceuticals was the idea behind this book.

Pharmaceutical products, or more appropriately biopharmaceutical prod-
ucts, and health care in developed countries are wonders of the modern world.
Pharmaceutical products and health care in developing countries and remote
parts of the world seems like magic. Diseases that were once fatal and chronic
conditions that destroyed lives have slowly been conquered by modern medicine.
Views of the body, unimaginable for most of the last century with X rays,
are now possible with new imaging techniques that let us see the body in
exquisite detail. We have come to expect a steady stream of new technology that
cures or vaccinates us from ailments and potentially deadly viruses. We take for
granted that new and better diagnostic techniques will improve our ability to
understand and fix our bodies. We have grown accustomed to transplants,
angioplasty, stents to open clogged arteries, joint replacements, and other
devices that fix and repair our parts of our body.

The packaging and protection of these modern wonders of pharmaceutical
and medical technology are almost as important as the drugs themselves.
Without packaging, drugs and medical devices would never leave a factory or
a laboratory. Packaging provides containment, protection, and safe delivery of
products everywhere health care is needed and makes possible the availability
and use of drugs, vaccines and medical devices in hostile environments. It
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iv Preface

ensures safe delivery of drugs and devices to accident scenes as easily as it does
to hospitals. Labels and information contained in packaging communicates and
explains to doctors, pharmacists, nurses, health care workers, and patients about
how to use a product. It warns you of dangers and communicates how and when
to take a drug, what is safe, what precautions to take, and what to avoid when
undergoing treatment. This is an amazing set of packaging tasks that few, if any,
notice.

Packaging is an emerging science and engineering discipline that touches
people everywhere. A combination of natural sciences, engineering, materials
science, and other social disciplines contribute to the design, development, and
delivery of products, not pharmaceuticals alone. It is a high-technology field that
we count on everyday to deliver billions of safe, sterile, and easy-to-open
packages that touch every part of our lives.

This book was written as an introduction to pharmaceutical packaging. It
has been kept simple and accessible to the average reader with some technical
training in chemistry, physics, and engineering. It attempts to introduce you to
the many things beyond packaging that are part of the drug, dosage, and
regulatory environment. It highlights many of the problems a packaging engineer
must face when developing a package for a new product. It uses short
explanations of drug composition and interaction with the body to help explain
how these issues answer many questions about packaging a drug or medical
device. It introduces many issues that are part of the normal compromises and
questions surrounding different drugs. It tries to highlight regulatory difficulties
by explaining some of the concerns and safeguards various regulations introduce
into the package, the product, and the process by which it is made. It provides a
short introduction to package-manufacturing processes and the many materials
used in pharmaceutical packaging.

Hopefully, the book will help you understand the role packaging technol-
ogy plays in pharmaceutical and medical device design and development. It tries
to introduce you to several basic concepts of packaging.

The book highlights concepts in chemistry, polymer science, packaging
and other disciplines to help you understand the product, its composition, what
the package must do to protect the product. It provides examples on how the
product can change depending on its chemistry and the environment the package
must withstand prior to delivery to the patient. It tries to provide you with a
practical sense of how the package, the product, and the way it is manufactured
all play an important role in producing a safe sterile product.

The book attempts to highlight the whats, whys, and hows that go into
pharmaceutical packaging, and attempts to do this while explaining the inter-
actions between the drug or device and the package. It is an introduction to the
many diverse skills and needs of pharmaceutical packaging. It highlights
the diverse and complimentary skills employed by packaging professionals
who are great scientific generalists, that is, people who can combine science,
engineering, materials, manufacturing, consumer issues, and societal issues like
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environmentalism into packaging. All of these factors are part of the input
needed to deliver a drug or medical device in a safe and responsible way.

Packaging has become a new stand-alone scientific and engineering
discipline within corporations.

Regulation of drugs and medical devices by governments around the world
is a big part of packaging. Many reading this book will be surprised to discover
the FDA and other regulatory agencies around the world are as critical of the
packaging and its performance as they are in examining the efficacy of the drug
product.

One liberty taken while writing this book is the use of the words drug
and pharmaceutical as synonyms. Technically drug refers to the active pharma-
ceutical ingredient in a product, and pharmaceutical refers to the finished
product. This means that the pharmaceutical is the product being packaged,
not the drug.

Hopefully, this book will provide some basic insight into an exciting and
challenging science that goes unnoticed by so many.

Edward J. Bauer
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Introduction to the Pharmaceutical
Industry: An Overview

INTRODUCTION
General Aspects of Drug Packaging

Packaging pharmaceutical products is a broad, encompassing, and multi-faceted
task. It differs substantially from food packaging and is equally as challenging. It
requires the application of a large amount of scientific and engineering expertise
to deliver a product for a world market. Its practice focuses on information and
knowledge from a wide range of scientific disciplines, including chemistry,
engineering, material science, physical testing, sales, marketing, environmental
science, and regulatory affairs to name just a few. This broad general background
is needed for the design and development of each and every product produced by
the pharmaceutical industry. Packaging is responsible for providing life-saving
drugs, medical devices, medical treatments, and new products like medical
nutritionals (nutraceuticals) in every imaginable dosage form to deliver every type
of supplement, poultice, liquid, solid, powder, suspension, or drop to people the
world over. It is transparent to an end user when done well and is open to criticism
from all quarters when done poorly. Everyone is a packaging expert, and this is
particularly true when one evaluates how something designed to help a person
hinders his or her ability to use the product. This book will discuss in detail the
many forms of pharmaceutical packaging. It won’t describe each and every one,
but it will describe the broad families of packaging designed to deliver the many
different and unique forms of a product or products to a patient. It will provide an
introduction to some of the chemistry of pharmaceutically active molecules and
how they must be protected from the environment and from the package itself. It
will touch upon the packaging of nutritional products and supplements that are
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slightly removed from the normal realm of pharmaceutical products but are
beginning to play a bigger role in the overall treatment of disease.

Packaging for biologic products can involve a slightly different set of
requirements, and some of the unique differences and problems for packaging
genetically modified biologically produced products are noted.

Pharmaceuticals use a wide variety of sterilization techniques that vary
significantly from those used for foods. An introduction to some of these con-
cepts will touch upon the multiple sterilization processes and the problems they
present to the design of drug and device packaging.

Distribution of products is now more global than ever. Mass customization
of packaging to permit its use in multiple markets is a topic that needs exposition
and discussion.

Environmental issues, including sustainability, will always be a subjective
dimension to any packaging design. These topics and many others highlight the
breath of knowledge a packaging engineer must master when developing and
producing a widely acceptable product.

This is a lot of ground for any book to cover. Hopefully it will provide you
with a ready reference replete with examples that provide a starting point for design,
development, testing, and execution of a new package for any pharmaceutical product.

The book also provides an introduction to over-the-counter (OTC) pack-
ages and products. These are the medicines we keep in our homes and many
times carry with us to relieve unpleasant symptoms of things we think of as
annoyances to everyday life, like the common cold, or for treatment of common
conditions, including rashes, cold sores, dry eyes, and other minor problems.

It will discuss labeling, and how copy and artwork are prepared for all
types of packaging. Artwork typically sells a product in the OTC context; art-
work creates a feeling about a product, an identity, and in some cases creates in
the consumers’ mind a reason to choose one product over another.

Amazing, isn’t it? So many different requirements, so many facets to
packaging, so many scientific, cultural, sociological, and environmental needs.
Oh, and by the way, it also has a large regulatory and legal requirement that is
outside all of the things mentioned above.

Packaging is an emerging science, an emerging engineering discipline, and
a success contributor to corporations. Surprisingly it is something that few
corporations have singled out as a stand-alone department or organization.
Packaging can reside, or report through research and development (R&D),
engineering, operations, purchasing, marketing, or the general administrative
department of a company. For the majority of products produced in the food and
pharmaceutical industries it is probably the single largest aggregate purchase
made by a company of materials critical to the protection, distribution, and sale
of the product. Hopefully the contents of this text will provide a new appreci-
ation of how important and complex pharmaceutical packaging is, not just the
traditional expectations of product protection.



Introduction to the Pharmaceutical Industry: An Overview 3

BRIEF HISTORY

The global pharmaceutical business is one of the most dynamic, research-
intensive, and innovative businesses in the world. Today’s pharmaceutical
industry began to emerge in the mid to late 19th century as a small and unique
subset of the chemical industry. For most of the 20th century, the pharmaceutical
business paralleled developments in synthesis, catalysis, and manufacturing that
were outgrowths of the larger chemical business. Before World War II, advances
in chemistry and chemical engineering from Europe, particularly from Germany,
drove both the worldwide chemical industry and the smaller pharmaceutical
companies. The United States developed its own group of companies that, with
only a few notable exceptions, concentrated on the U.S. market, while the
Europeans, particularly the Germans, expanded abroad and also set up operations
in the United States. The United States and Europe became the two centers of the
chemical industry and developed in parallel, as they expanded to meet the
growing demand for chemical products in the markets of concentration. Two
examples of European influence on U.S. pharmaceutical companies are Pfizer
and Merck, both of which have German heritage. Another example of European
influence is seen in one of the largest, best-known products in the United States,
aspirin, which came from Bayer™, another German company. In fact, aspirin was
probably the first of what we would today call a blockbuster drug.

At the end of World War II, the American chemical industry emerged as
the dominant force in the world. The U.S. companies exploited the wealth of
natural resources available in the United States, and the large volume of
knowledge gained from wartime research into rubbers, plastics, and other related
chemical and engineering technologies and used that knowledge to expand
worldwide.

The pharmaceutical companies followed the same path of expansion, while
beginning to develop the unique chemical, chemical engineering, and manu-
facturing knowledge necessary to produce pharmaceutical ingredients and bring
these unique products to market. The world war also produced a burst of
knowledge about the production and manufacture of biologic products, notably
penicillin. During this period, the United States also began to produce world-
class scientific talent necessary to build and sustain the pharmaceutical industry
and develop world-class facilities for the development of scientific knowhow in
both industry and the universities. The talent was augmented by many émigrés
from Europe.

The pharmaceutical industry’s strength and reliance on chemistry alone
began to change in the 1970s when an entirely new way of developing phar-
maceuticals emerged. The new technology was a combination of biology,
chemistry, biochemistry, and new cell modification and manufacturing tech-
nologies called biotech. This breakthrough technology challenged the traditional
way of identifying and developing pharmaceutical products. Genentech was the
first company to establish an identity in biotech. It was founded by a geneticist,
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Herb Boyer, and began operations in the San Francisco Bay Area during the mid-
1970s. Amgen, located in Thousand Oaks California, followed shortly after and
was the first of the new biotech companies to introduce a biologically derived
pharmaceutical product. These two early leaders not only changed the way
pharmaceuticals were developed, they also ushered in a new way of developing
pharmaceutical products using genetics, molecular biology, and biochemistry
that when combined produced a genetic engineering approach to the treatment of
disease. This change in approach has produced a fast and remarkable change in
the pharmaceutical companies’ core competencies. They have transformed
themselves into biopharmaceutical companies.

The primary method the pharmaceutical industry used for drug devel-
opment during most of the 20th century was to study the chemical reactions of
various chemical molecules within the body. The molecules under study came
from a variety of sources, both natural and synthetic. Extraction of active
chemical ingredients from plants and animals known or identified to exhibit
biologic activity is one way the development process progressed. Modifying
new or existing chemical entities with human biologic activity was another
way the pharmaceutical manufacturers produced compounds and then studied
them for their effects in the body to determine efficacy against a disease. Most
of the identifications of biologic reactions were carried out in cell culture
experiments and in animal studies. This approach relied on chemistry and
biochemistry and served the companies well. This approach and method of
discovery produced the remarkable array of chemical products we take for
granted today.

Going back to the World War II timeframe (1942-1945) another form of
product development was taking shape for pharmaceutical products. The type of
development was the growth and harvesting of a biologic agent that was then
converted to a pharmaceutical product. The best example of this development is
penicillin, a product produced from a mold and became the world’s first great
antibiotic. Penicillin required the development of many of the biologic manu-
facturing processes needed to grow the mold that produces the active pharma-
ceutical ingredient. It then required the development of unique chemistries,
chemical engineering, and manufacturing skills to extract, purify, and produce
the product. These traditional chemical methods and processes, which were the
core strengths of the pharmaceutical companies, were applied to turn the raw,
dilute material into the injectable and later the oral penicillin product we know
today. This traditional path of product development was superseded in the last
two decades of the 20th century by biotechnology.

“Biotechnology” is the term applied to developments that come from the
combining of biochemistry, molecular biology, genetics, and immunology into
pharmaceutical product development and manufacturing. This merging of two
distinct sets of scientific disciplines, chemistry and molecular biology, has
produced a powerful research engine that creates treatments for disease unknown
only a few years ago. This merger of disciplines has changed the way traditional
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pharmaceutical companies approach drug research. Biotech permits a targeted
approach to the development of products, and when combined with computa-
tional chemistry, computer assisted synthesis, and a wide range of analytical
tools, it gives pharmaceutical companies the ability to study compounds, pro-
teins, enzymes, and other biologically active materials in the minutest detail. All
of the major pharmaceutical companies now have their own biotechnology
capabilities or have partnered with others to acquire this competency. This
combination of scientific methods has opened many exciting opportunities for
them and has enhanced the investments made in R&D of their core strengths of
chemistry, chemical engineering, and manufacturing. The real name for the
industry, and one that it is beginning to adopt in its trade literature, is the
biopharmaceutical industry.

It is interesting to note that both Genentech and Amgen see themselves as
pharmaceutical companies, not biologic companies. Amgen brought to market
the first genetically derived drugs, and Genentech has a major drug pipeline of
new products in various stages of development. Eli Lilly and Company led the
traditional pharmaceutical companies when they introduced their first bio-
technology products in the early 1990s. Lilly introduced the first human health
care product using recombinant DNA technology. The modern pharmaceutical
industry and parts of the chemical industry now rely on the many advances in the
biologic sciences and other key related technologies being led by pharmaceutical
company investments in basic science, disease specific research, genetics,
computer technology, and other supporting technologies, including packaging,
that enable the laboratory discoveries to proceed to commercial products.

The U.S. government also funds R&D at the National Institutes of Health
as part of the drug discovery effort [Fig. 1 graph). These funds are in addition to
the R&D dollars spent by pharmaceutical companies.

Pharmaceutical companies break their research budgets into two parts:
basic research and applied R&D. Research spending by U.S. domestic phar-
maceutical companies (Table 1) is indicative of pharmaceutical research
worldwide. In 2003, 38% of their budgets went into the basic research and 58%
went into applied R&D.

The reach of the pharmaceutical industry is enormous and its impact on a
people’s lives everywhere is profound. Today diseases that killed millions are
routinely treated with antibiotics. Death sentences from diseases like AIDS and
leukemia have been put off to the point that these diseases are now treated as
long-term chronic problems because modern pharmaceutical products put them
into long-term remission. The U.S. death rate from AIDS has fallen by 70%
since the mid-1990s with the introduction of protease inhibitors (1). Over the
past two decades, the chances of surviving cancer for five years after diagnosis
has improved by 10% and stands at 62% today (2). Our understanding of these
diseases, resulting from the science that underpins all of the pharmaceutical
industry, will continue to lead the way to a brighter, longer-lived, and healthier
futures for countless people.
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Figure 1 Drug discovery from laboratory to patient.

Table 1 Domestic R&D Spending by Type PARMA Member Companies: 2003

Type Expenditure ($) Share (%)
Basic and applied research 10,382.6. 38.4
Development 15,766.2 58.3
Uncategorized 916.1 34
Domestic R&D total 27,064.9 100.0

Source: From Ref. 8.

GENERAL BUSINESS OVERVIEW OF THE PHARMACEUTICAL INDUSTRY

Pharmaceutical products are a very big business. Global sales reached $491.8 billion
in 2003 (3). More than 400,000 people go to work each day for a pharmaceutical
company in the United States (4). Pharmaceutical companies, or, more correctly,
biopharmaceutical companies have a significant impact on our nation’s economy.
Each job in the pharmaceutical industry produces many others. Economists
applying the normal multiplicative effect on the jobs number, estimate the total
reach of the pharmaceutical industry was 2.7 million jobs and $172 billion in real
output to the U.S. economy in 2003 (4). This output with these related jobs creates
a significant addition of 2.1% of total employment in the U.S. economy (4).
Scientists in the United States lead the world in the discovery and devel-
opment of new medicines. This is due in no small part to the tremendous
investments the pharmaceutical companies make in research and development
(Table 2). Research spending by the Pharmaceutical Research and Manufacturers
Association (PhRMA) companies totaled $39 billion in a 2004 estimate made by
this trade organization. It also estimates the total research spending for



Table 2 Research and Development Spending Worldwide 1970-2004 (Pharmaceutical
Research and Manufacturers of America [PhARMA] Member Companies’ Domestic R&D
and R&D Abroad Total Spending)

Domestic ~ Annual Annual Total Annual

R&D ($ in  percentage R&D percentage ~ R&D percentage
Year millions)  change abroad®  change ($ in millions) change
2004 30,643.9 13.2 8,150.3 10.3 38,794.2 12.6
2003 27,407.1 6.8 5,808.3 8.4 33,215.4 7.1
2002 25,655.1 9.2 5,357.2 -13.9 31,012.2 4.2
2001 23,502.0 10.0 6,220.6 333 29,772.7 14.4
2000 21,363.7 15.7 4,667.1 10.6 26,030.8 14.7
1999 18,471.1 7.4 4,219.6 9.9 22,690.7 8.2
1998 17,127.9 11.0 3,839.0 9.9 20,996.9 10.8
1997 15,466.0 13.9 3,492.1 6.5 18,958.1 12.4
1996 13,627.1 14.8 3,278.5 -1.6 16,905.6 11.2
1995 11,874.0 7.0 3,333.5 ¢ 15,207.4 ¢
1994 11,101.6 6.0 2,347.8 3.8 13,449.4 5.6
1993 10,477.1 12.5 2,262.9 5.0 12,740.4 11.1
1992 9,312.1 17.4 2,155.8 21.3 11,467.9 18.2
1991 7,928.6 16.5 1,776.8 9.9 9,705.4 153
1990 6,802.9 13.0 1,617.4 23.6 8,420.3 14.9
1989 6,021.4 15.0 1,308.6 0.4 7,330.0 12.1
1988 5,233.9 16.2 1,303.6 30.6 6,537.5 18.8
1987 4,504.1 16.2 998.1 15.4 5,502.2 16.1
1986 3,875.0 14.7 865.1 23.8 4,740.1 16.2
1985 3,378.7 133 698.9 17.2 4,077.6 13.9
1984 2,982.4 11.6 596.4 9.2 3,578.8 11.2
1983 2,671.3 17.7 546.3 8.2 3,217.6 16.0
1982 2,268.7 21.3 505.0 7.7 2,773.7 18.6
1981 1,870.4 20.7 469.1 9.7 2,339.5 18.4
1980 1,549.2 16.7 427.5 42.8 1,976.7 21.5
1979 1,327.4 13.8 299.4 259 1,626.8 15.9
1978 1,166.1 9.7 237.9 11.6 1,404.0 10.0
1977 1,063.0 8.1 213.1 18.2 1,276.1 9.7
1976 983.4 8.8 180.3 14.1 1,163.7 9.6
1975 903.5 13.9 158.0 7.0 1,061.5 12.8
1974 793.1 12.0 147.7 26.3 940.8 14.0
1973 708.1 8.1 116.9 64.0 825.0 13.6
1972 654.8 4.5 71.3 249 726.1 6.2
1971 626.7 10.7 57.1 9.2 683.8 10.6
1970 566.2 — 523 — 618.5 —
Average 12.5 16.1 13.0

Note: All figures include company-financed R&D only. Total values may be affected by rounding.
“Estimated

PR&D abroad includes expenditures outside the United States by U.S.-owned PhARMA member
companies and R&D conducted abroad by the U.S. divisions of foreign-owned PhRMA member
companies. R&D performed abroad by the foreign divisions of foreign-owned PhARMA member
companies is excluded. Domestic R&D, however, includes R&D expenditures within the United
States by all PhARMA member companies.

‘R&D abroad affected by merger and acquisition activity.

Source: From Ref. 8.
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pharmaceutical and biotech research to be $49.3 billion when the estimates for
non-PhRMA members are added to the member’s total. As a percentage of sales,
the total for PARMA members is 18.3% of U.S. domestic sales and 15.9% of
sales worldwide (Table 3) (5).

Table 3 R&D as a Percentage of Sales PhARMA Member Companies: 1970-2004

Domestic R&D as a percentage Total R&D as a percentage
Yr of domestic sales (%) of total sales (%)
2004* 18.3 15.9
2003 18.3 15.7
2002 18.4 16.1
2001 18.0 16.7
2000 18.4 16.2
1999 18.2 15.5
1998 21.1 16.8
1997 21.6 17.1
1996 21.0 16.6
1995 20.8 16.7
1994 21.9 17.3
1993 21.6 17.0
1992 19.4 15.5
1991 17.9 14.6
1990 17.7 14.4
1989 18.4 14.8
1988 18.3 14.1
1987 17.4 13.4
1986 16.4 12.9
1985 16.3 12.9
1984 15.7 12.1
1983 15.9 11.8
1982 15.4 10.9
1981 14.8 10.0
1980 13.1 8.9
1979 12.5 8.6
1978 12.2 8.5
1977 12.4 9.0
1976 12.4 8.9
1975 12.7 9.0
1974 11.8 9.1
1973 12.5 9.3
1972 12.6 9.2
1971 12.2 9.0
1970 12.4 9.3

“Estimated.
Source: From Ref. 8.
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Table 4 Size of Pharmaceutical Markets

Sales to June 2005 Share of global 12-mo
Country ($ billions) sales (%) change®(%)
United States 246.4 447 7
Japan 60.0 10.9 3
Germany 31.2 5.7 6
France 30.3 5.5 7
United Kingdom 20.3 3.7 3
Italy 19.4 35 0
Spain 14.8 2.7 8
Canada 12.7 23 10
China 8.6 1.6 30
Mexico 6.9 1.3 11
Top 10 markets 450.6 81.9 6

Note: Sales in the United States are for the 12 months ending in June 2005.
“Based on local currencies.
Source: Ref. 10.

Pharmaceuticals are extremely cost efficient when compared with other
forms of treatment for disease. Every dollar spent on new medicines reduces the
cost of hospitalizations by $4.44 (5) (Table 4). These new medicines also
accounted for over 40% of the two-year gain in life expectancy achieved in
52 countries between 1986 and 2000 (6). The next time you wonder about what
the pharmaceutical industry is doing for you, ask yourself the following question:
What is the value of those two additional years of life?

General Industry Challenges and Trends

The pharmaceutical industry is facing many challenges. The cost of developing
new drugs continues to grow. During the 1970s, the cost of bringing a new drug
to approval by the U.S. Food and Drug Administration (FDA) was approximately
$138 million. Today the cost of bringing a drug to approval by the FDA is more
than $800 million (7). A diagram of the cost and timing to bring a drug to market
highlights how difficult this process can be (Fig. 2). The potential legal liability,
particularly in the United States, when something goes wrong is another enor-
mous problem all of the companies face. Wyeth faced billion-dollar liabilities for
its diet drugs Pondamin® and Redux®, and Merck faced large liabilities from its
withdrawal of Vioxx™ in 2004.

THE EVOLUTION AND STRUCTURE OF THE PHARMACEUTICAL
BUSINESS

The structure of the industry and the makeup of companies have undergone a rapid
transformation in the last decade, and this process continues at an accelerated pace
today. Companies have merged or have been acquired to form significantly larger
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Figure 2 Biopharmaceutical expenditures and the NIH budget.

companies that may be newly named or may retain their traditional name.
Remarkably, even after all the merger activity and changes in the shape of the
pharmaceutical business landscape the largest company, Pfizer, only controls
about 10% of the total U.S. market (based on 2003 sales) (Table 5) (9).
Another market force changing the appearance and development of phar-
maceuticals is generic drug products. These products, the same chemical entity or
active pharmaceutical ingredient (API) developed by the innovating company, are
produced by many companies after the original innovator’s patents have expired.
Without the high cost of R&D, the competitor can offer the products for sale at
significantly reduced prices. The number of new products with profiles that show
significant improvement over older drugs is slowing; so generic products in many
cases remain the standard of care for the treatment of many ills. A number of the
major pharmaceutical companies actively support a dual strategic approach to
product offerings and complement their new drug development with a generic
drug supply strategy. These products not only produce significant revenues, they
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Table 5 Top 10 Pharmaceutical Companies: Five-Year Merger History

Company Market Share

Based on 1998
Based on 2003  sales (pro

sales (%) forma) (%) Major component companies

Pfizer 10.1 9.0 Pfizer, Pharmacia, Upjohn,
Warner-Lambert, Searle

GlaxoSmithKline 6.6 7.2 Glaxo, Wellcome, SmithKline
French, Beecham

Sanofi—Aventis 5.4 5.8 Sanof, Synthelabo, Hoechst,
Rhone-Poulenc, Fisons

Merck & Co. 4.8 4.2

Johnson & Johnson 4.8 3.6

Novartis 4.3 4.2 Ciba-Geigy, Sandoz

AstraZeneca 4.1 4.3 Astra, Zeneca

Bristol— 34 4.2 Bristol—Myers Squibb,

MyersSquibb Dupont Pharma

Roche 33 3.1

Abbott 2.8 33 Abbott, BASF Pharma (Knoll)

Top 10 corporations 49.6 48.9

Source: Ref. 11.

also provide the volume manufacturing needed for many raw materials and
starting ingredients, used in both new and generic products, to maintain manu-
facturing costs at a reasonable level. The products also provide significant volume,
which is needed in most investment models to pay for the expansion or mainte-
nance of existing manufacturing capacity.

Therapeutic Areas of Concentration

What are the disease-specific areas now receiving the most concentrated
investigation? What areas of treatment have produced the most successful
products? What ills touch the majority of people in the world, and because of the
large patient populations, attract the research and capital needed to understand
and treat them? The top 10 therapies based on dollar sales encompass a
remarkable set of problems (Table 6). Listed below are the conditions that have
major effects on people’s health. The top 10 therapeutic treatments based on
sales fall into these categories (9):

1. Cholesterol and triglyceride reducers
2. Antiulcerants

3. Antidepressants

4. Antipsychotics

5. Antirheumatic nonsteroidals
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Table 6 Top 10 Therapies Based on Global Sales of the Pharmaceutical Class

Sales to June 2005 Share of 12-mo

Therapeutic type ($ billions) global sales (%) change (%)
Cholesterol and 31.6 5.7 10

triglyceride reducers
Antiulcerants 26.3 4.8 3
Antidepressants 20.1 3.6 -3
Antipsychotics 15.5 2.8 11
Antirheumatic 12.1 2.2

nonsteroidals
Calcium antagonists, 11.9 2.2 2

plain
Erythropoietins 11.7 2.1 9
Antiepileptics 11.4 2.1 -15
Oral antidiabetics 10.4 1.9 6
Cephalosporins 9.9 1.8 30
Top 10 therapies 160.9 29.2 5

Note: All therapy classes are World Health Organization code groups. Sales are US dollars for the
12 months ending June 2005.
Source: Ref. 10.

6. Calcium antagonists, plain
7. Erythropoietins

8. Antiepileptics

9. Oral antidiabetics
10. Cephalosporins

As the list clearly shows, a large number of people have debilitating
conditions that, when left untreated, significantly reduce the quality of life and
life expectancy. Drugs targeted at heart disease are number 1 on the list. The
therapies created for these disease-states and those not on the list permit all of us
to lead functional productive lives that would not be possible without them.

The top 10 drugs had sales in excess of $55 billion. Seven of the top fifty
products were biotechnology products with combined sales of $15.1 billion. (10)

GENERAL WORLDWIDE PHARMACEUTICAL TRENDS

Possibly the biggest challenge facing the pharmaceutical and the health care
industries in general is the role the government will play in determining the cost
of pharmaceuticals, devices, and treatments for diseases. The United States is the
only market in the world that does not have general government price controls. It
is also the most heavily regulated market, and the market pharmaceutical
companies typically target their drug-approval strategy and development for
acceptance and approval by the FDA.
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Cost and Pricing Trends

Europe and Japan have led the way in restricting and regulating the cost of
pharmaceuticals. This has created problems for pharmaceutical companies in
their countries, which if emulated, may also create problems in the United States.
Japan has taken a number of steps to restrain drug prices and has been able to
reduce total government spending on pharmaceuticals. This restraint has reduced
total health care spending in Japan on pharmaceuticals from 30% of the total cost
of health care in the early 1990s to approximately 20% today (9). The Japanese
impose biennial price cuts on all products to limit annual cost growth of phar-
maceuticals in Japan to 3% annually.

Europe has a number of plans and schemes to limit the cost of pharma-
ceuticals. With the formation of the European Union (EU), the concept of parallel
trade has created problems for the pharmaceutical manufacturers. Parallel trade is
the practice of purchasing goods in the cheapest countries and selling them in the
most expensive. European commission laws permit the movement of goods from
one member state to another without restriction. This means that drugs priced in
the lowest-cost countries (Eastern Europe) can be moved to the higher-cost
countries, i.e., the United Kingdom, Germany, France, and Scandinavia. The EU
expanded by 10 countries in May 2004, and many of these countries had strong
generic pharmaceutical industries that will take advantage of these higher-cost
markets. Germany is the largest market for drugs in the EU. During 2004, they
imposed a compulsory discount of 16% on all manufacturers. That discount was
up from 6% in 2003. The move applied to all drugs not part of the country’s
reference price scheme. This is one example of variants being enacted in the other
countries. The most notable feature of the controls limits the price of a brand name
or patented drug to the same cost as nonpatent medications if the new products are
judged equal in treatment or outcome to their generic product equivalents. An
example of this method of classifying patented and generic products is a ruling on
the overall effectiveness of drugs called statins, which are used for treatment and
reduction of cholesterol levels. As one statin loses patent protection, all other
products, including all products still on patent, lose it as well in terms of product
pricing. All of these schemes have caused most of the companies in Europe to
rethink their research strategies, and a number have relocated research to the
United States or have canceled expansions in Europe to focus on producing
products for markets that pay for the cost of discovery (11).

Generic Products

Another major trend that will affect the pharmaceutical companies and phar-
maceutical packaging is the growing use of generic drugs. One of the European
pharmaceutical companies, Novartis, has adopted a generic strategy, betting that
dollar volume and manufacturing volume will increase more in this area than in
the development of new “blockbuster products.” Generic drug introductions are
at an all-time high, and this trend will continue.
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Generics account for approximately 30% of the total volume of drugs
dispensed for use but only produce 10% of the global sales revenues (9). Branded
products lose sales very rapidly after a generic analogue is introduced. This and
the fact that so many blockbuster drugs from the 1990s are losing patent pro-
tection in the next few years means generics will be a bigger and bigger part of
the prescription drug landscape.

For packaging, the updating and maintaining of materials and labeling for
generics will become more and more prominent in the mix of responsibilities.
Packaging will work with marketing and sales to begin to develop generic
identities for the off-patent products.

OTC Products

The pharmaceutical companies have also pushed for and accepted the fact that
many products that require a prescription at introduction will eventually be
offered over the counter at pharmacies. In the United States, a wide range of
products, from prescription painkillers to female hygiene products, have made
the transition from prescription (“Rx Only” on new labeling in the United States)
to OTC items. Both generic and branded products will be part of this trend to
OTC sales. The trend toward OTC presentations of products is not limited to the
United States. Merck and Johnson & Johnson pursued a joint venture in the
United Kingdom for OTC sales of the drug Zocor™ . This product, a prescription-
only drug called a statin and used for lowering cholesterol, was launched as an
OTC item in July 2004. Packaging a prescription (Rx) product for OTC sales
will be a major responsibility for packaging departments, and as volume grows
more emphasis will be placed on designing, developing, and delivering these
formerly doctor-directed drugs as consumer products. The responsibility of
packaging will be twofold. First, it must convey and provide a simple commu-
nication to the user on how to use the product. This may be in the form of how
the drug is presented to the consumer on a numbered blister or some more
elaborate symbolic presentation for the user that transcends language. Second,
packaging will become increasingly involved in the labeling and attendant lit-
erature that is needed for OTC products. This labeling and the methods needed to
update its content is a major new responsibility that is outside standard structural
packaging development.

DEFINITION OF A DRUG

The FDA is very specific about what constitutes a drug. This level of control is
evident in the way biologic products, originally regulated by the Center for
Biologic Evaluation and Research (CBER), was moved under the jurisdiction of
the Center for Drug Evaluation and Research (CDER). These two branches of
the FDA work in tandem with each other to evaluate, review, and ultimately
approve a drug or biologic product for human use. The fact that the biologic
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product has therapeutic activity makes it subject to the strict interpretation of the
Federal Food Drug and Cosmetic Act of 1938, which has been and continues to
be amended as needs and technology change. The Act (12) defines a drug as
follows:

A. Articles recognized in the official United States Pharmacopoeia (USP),
Official Homeopathic Pharmacopoeia of the United States or the official
National Formulary or any supplement to any of them.

B. Articles intended for use in the diagnosis, cure, mitigation, treatment, or
prevention of disease in man or other animals: and

C. Articles (other than food) intended to affect the structure or any function of
the body of man or other animals; and

D. Articles intended for use as a component or any article specified in clause
(A), (B), or (C); but does not include devices or their components, parts, or
accessories.

Medical devices, another large portion of the medical industry, are treated
in a separate chapter in this book. They have their own packaging and technical
challenges that are in many ways similar but distinct in their treatment and
evaluation by the agency. Food products with pharmaceutical claims and those
that require review and approval by the FDA also must meet the review process
albeit at different levels, depending on the claims being made.

Unique food products such as infant formula and medical nutritional foods
and food supplements that help manage certain diseases receive high levels of
scrutiny. Other products covered in the Act are cosmetics, and these products are
making claims that in some cases are becoming more like drugs. Cosmetic
products are not discussed in this book.

Throughout this book, the terms “pharmaceutical” and “drug” are treated as
synonyms, although they are not. A drug is really an active pharmaceutical ingre-
dient (API) and a pharmaceutical product is an API in combination with other
ingredients that are blended or compounded to make the finished product. In some
cases, the word “drug” is used in this book as a synonym for “pharmaceutical”” and
vice versa. The term API is always applied to the active ingredient only.

THE DIFFERENCES BETWEEN PHARMACEUTICAL
AND FOOD PACKAGING

Food and pharmaceutical packaging are both equally difficult to do well. Food
packaging is far more diverse than pharmaceutical packaging, while pharma-
ceutical packaging operates in a much more regulated environment. Some
understanding of the differences is useful, and for crossover products such as
medical nutritional foods, essential. As more and more foods are enhanced with
ingredients that can impart a change in the body, or as manufacturers make
claims regarding the benefits of food products, which may be considered drug
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claims by the FDA or the Federal Trade Commission, the amount or regulation
and the amount of testing necessary to gain approval of the products increases
exponentially. These products will be supplied in familiar food containers
appropriate for the type of food product; however, the containers will be required
to meet pharmaceutical regulations that were not required when the product was
strictly a food. It will become harder and harder to determine if the packaging
must follow food or drug regulations.

Food and pharmaceutical packaging follow two different paths in pack-
aging development that not only have many similarities but also have major
differences. Food is rarely toxic even when consumed in huge quantities. Nausea
and bloating will normally stop someone from overingesting food well before the
condition becomes harmful or life threatening. With drugs, overdose is easy and
can be fatal. This difference is the reason why labeling is so stringent and the
requirements for labeling, discussed in chapters 5 and 11, are so precise. The
FDA takes a very dim view of mislabeled pharmaceutical products, so manu-
facturers are extremely careful about controlling the labeling that goes on any
pharmaceutical package.

Drugs, being so toxic, also come under poison-control regulations
administered by the U.S. Consumer Product Safety Commission (CPSC). The
requirement for child-resistant closures on pharmaceutical products is related to
the highly toxic nature of most pharmaceutical products. This requirement cre-
ates a great deal of problems for the elderly, who are the major users of drugs.
Many elderly patients complain that it is too hard to open or get into a package,
and that they must go to great lengths to open the package. Child resistant
closures are designed to protect children from poisoning. Unfortunately, many
seniors after opening a package with a child-resistant closure only partially
replace the closure back on the package and do not engage the closure to the
point where it is effective in preventing an inquisitive child from becoming
harmed by the container’s contents.

Foods don’t look alike and certainly don’t smell alike. In fact, the appeal
to the senses is a primary determinant of which foods we like. We are con-
cerned about the nutritional value of the food we eat, and in recent years, the
FDA has promoted new food labeling to detail exactly what the food we eat
presents to our bodies in the form of nutrition. This is not the case with drugs.
Most pharmaceuticals look alike. Most drugs are packaged in opaque con-
tainers that don’t permit easy viewing of the contents. There is no sensory
component of smell or flavor. This makes labeling of drugs even more crucial.
The contents must be accurately described on the labeling. Even with the minor
variations in shape and the use of impressed symbols or printing on the outside
of a tablet, it can be hard to distinguish between multiple drugs that are part
of a patient’s regimen. Color helps, but the main way that people can distin-
guish one tablet from another is through labeling. Accurate labeling is essential
for the patient in the use of any prescription product to produce the therapeutic
result.
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This is especially critical with OTC drugs that have undergone multiple
updates to their labeling mandated by new FDA standards to help improve the
labels’ ability to easily communicate to consumers. OTC packaging of phar-
maceutical products has become one of the most difficult forms of packaging.
Packaging and labeling of OTC products communicate to the consumer in much
the same way they do for food. They have the dual purpose of building brand
recognition and communicating the proper use of the product. Many people
don’t realize how dangerous OTC medicines can be and misuse of these prod-
ucts; or, more properly stated, the improper use or dosage with these products is
high. The labeling, with its prominent warnings, alerts even the most casual
consumer to the dangers of an OTC product and helps distinguish it from food
or candy.

All food is taken or ingested orally. The mouth is a non-sterile orifice, and
our digestive systems are structured to kill the majority of harmful organisms
that can enter our bodies with food. We do get sick from foodborne pathogens,
and in some case severely sick, with Escherichia coli or, in extreme cases,
botulism. When this happens, it creates headlines and is extensively reported
because the occurrence is very rare. Drugs, on the other hand, can not only be
taken orally, but can also be administered directly into the circulatory system
(parenteral), under the skin (subcutaneous), or across mucous membranes in the
nose, throat, and rectum, as well as through the skin with patches or high
pressure injections. These methods of ingestion are quite different from any
food, and provide the opportunity to introduce harmful or fatal micro-organisms
directly into a patient. Drugs and devices must be completely sterile, as opposed
to “commercially sterile,” the term applied to many retorted (processed) foods
like meat, vegetables, soups, and canned products. For food, a complete steril-
ization, equal to the sterilization required for a drug, would render it tasteless,
texture-less, and totally unpalatable.

Drugs are repackaged to a very large degree. This is changing, and in some
parts of the world, unit-dose packaging is more common than in the United
States. Even so, the pharmacist repackages a large number of products for the
patient. This is a requirement that doesn’t touch food to a large degree. Pack-
aging must protect the product both in the large containers used for general
distribution and in the small containers a pharmacist uses for the repackaged
product when it is dispensed from the pharmacy. These same packages must also
protect a pharmaceutical product after it gets to the patient’s home. Products are
held and dispensed from the pharmacy container in which they are supplied far
longer than most foods after they are opened.

In many cases, the package not only protects the product but also provides
a method for tracking its use or compliance. “Compliance” is a term that is
becoming more and more critical; and, for a pharmaceutical, it means the patient
follows the dosage regimen specified by the doctor. The term “adherence” is also
used in this connotation. Compliance can result in reduced health care costs
because the patient gains control over a condition before it becomes much more
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serious. A good example of a chronic problem that requires constant compliance
is hypertension or high blood pressure. Surprisingly, patients typically have a
relatively low rate of compliance for these products even though hypertension
can cause stroke or heart attack.

DRUG REGULATIONS

Packaging of drugs is highly regulated when compared with food packaging. The
USP lists approved packaging for drugs, and this recommendation carries the
force of law. There is no single reference for food products. Pharmaceutical
products come under a number of specific parts of Title 21 of the Code of
Federal Regulations (CFR) that mandate specific procedures for developing,
proving, and changing previously approved packaging. The regulation slows and
sometimes stops innovation.

Drug packaging is slow to change. The cost of stability studies needed to
prove long term packaging safety is extremely high and can take two to five
years. Drugs, with packaging defined and approved many years ago, and generic
drug packaging is particularly hard to change. Many times the sales dollars and
profits generated by a generic drug do not justify the cost of qualifying a new
material or a new dosage form. This situation is improving and a good example
of the improvement is found when qualifying a new plastic resin. The FDA has
always interpreted the “same container closure system” to mean the same plastic
resin formulation identified in the original application, or from a suppliers point
of view, the same material produced at the same manufacturing facility of the
resin manufacturer. The FDA has developed procedures that permit the change
of plastic resins if they meet the approval procedures developed by the USP.
These protocols permit the establishment of equivalence between two similar
types of resin—an example would be high-density polyethylene from two dif-
ferent manufacturers. The procedures permit the qualification and change
without prior approval. This approval is always conditional to the material
passing real time stability testing with the actual product. More on this topic will
be discussed and included in the chapter on regulatory affairs.

Tamper evidence built into the packaging is a much more important issue
for drugs than it is for food. This is a direct outgrowth of a tampering problem in
Chicago that caused a number of deaths in the mid-1980s. Tylenol®™ (acet-
aminophen) packages were tampered with and a poison was introduced. A number
of people died. This sparked a major change in how drugs, particularly OTC drugs,
were packaged. Tamper evidence is typically costly and requires one or more
steps, either in the container-manufacturing process or in the assembly of the
container during filling to put the safeguards into place. It also requires education
of the public about what to look for and how to identify a package that has been
altered or changed. Food products are every bit as vulnerable; however, no reg-
ulations now mandate tamper evidence on food products. Food packaging is far
more diverse than drug packaging and carries a much smaller profit margin. These
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two facts make it far more difficult for manufacturers to change food products’
packaging by adding tamper-evident features, although when possible, these are
included in the package design. A good food example is the use of the breakaway
ring on soda and water bottles. Tampering with foods has every bit as much
potential to harm the general public as does tampering with OTC products.

The cost of packaging is the last aspect of the differences between drug
and food packaging. Food products typically carry a much smaller profit margin,
and most food products are produced in much greater volume than pharma-
ceuticals. The constant pressure on cost, the fact that packaging costs are a much
more significant contributor to the cost of a food product compared with phar-
maceuticals, and the volume of material used to make a package drives the food
packager to be more cost conscious than the pharmaceutical packager. Volume,
in this case, is the higher number of units produced for a food product compared
with that produced for a pharmaceutical. Pharmaceuticals are costlier than food,
and as a result, the percentage that packaging contributes to the total cost of the
product is significantly less. The crossover products, such as medical nutritional
foods, infant formulas, energy bars, and other similar products, are typically
developed and their packaging costs are managed in the same way food products
are scrutinized and controlled. Crossover products are the one exception to the
general rule regarding the cost of pharmaceutical packaging.

THE FUNCTION OF PACKAGING

All packaging is required to perform two functions, containment and protection.
Containment is the first role that any package must play in conjunction with a
product. Containment means that the package prevents the product from
touching or being exposed to the environment. For a drug package, this means
the container completely separates the product from its surrounding physical
environment. The package is sealed, preventing the product from entering the
environment and the environment from entering the product. It also means the
package does not become part of the product or vice versa. The package must
remain functionally inert to its contents.

Protection is the second aspect that any package is expected to perform.
Protection within the package means the product inside does not sustain physical
damage. This could take the form of broken tablets or chemical breakdown
caused by light, heat, oxygen, and water vapor.

Along with these two primary functions, a drug package must also provide
a number of other features. A short list of some of these protective functions
includes:

Sterility

Reclosure

Communication (via the label)
Compliance

bl NS
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5. Tamper evidence
6. Temperature control

Each of these items will be addressed in greater detail in various chapters
of this book.

Trends in Pharmaceutical Packaging

Pharmaceutical packaging is a demanding and diverse area of package design,
development, and engineering. It is undergoing significant change and re-alignment
just as the pharmaceutical companies are undergoing change. Emphasis on many of
the key aspects of packaging is changing and moving directly into the spotlight of
government and consumer scrutiny. This is highlighted by the trends that are
affecting packaging directly and how packaging is viewed within the companies and
by the users of the products.

Current Trends in Packaging

Packaging is being required to do more and more in many areas within and
outside a pharmaceutical company. In the past, its essential roles were con-
tainment and protection of the product. In many cases, the company and the
consumer paid little attention to the package. Today, packaging’s role is being
expanded to include branding, communication, distribution control, anti-
counterfeiting, poison protection, and much more.

Packaging has emerged as both a science and an engineering discipline that
has influence on a product, both within the producing company and with the
consumer outside the company. The science portion of this mix is a broad
combination of disciplines. It includes polymer science, material science, and
analytical chemistry to name a few. These scientific aspects of packaging
development are used along with the science of drug discovery as two integral
parts of pharmaceutical product development. It has assumed an engineering role
by taking laboratory prototypes and in many cases stability sample packaging
and converting it into a product and package entity that can be manufactured,
filled, sealed, labeled, and distributed safely. It has also assumed the role of a
management tool in the manufacturing process. Packaging is the only scientific
and engineering discipline within a pharmaceutical company that touches a
product from conception to the complete end of a product’s life or use, including
the recycling or disposal of used packaging.

Packaging is involved in and required to provide guidance and recom-
mendations to researchers and in some cases marketing at the earliest stages of
product development regarding materials, packaging options, and sizes of
packages when stability studies are begun on an API that shows promise. Many
times multiple formulations are part of the study as researchers work to deter-
mine the inert materials or excipients needed to dilute the API and allow it to be
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dispensed safely. This testing of the complete product, including its package sets
the course for much of what follows in bringing the product to market. It con-
tinues in collaboration with the medical staff and the marketing staff to deter-
mine the best method for dispensing the product and the best presentation of the
product for the consumer.

Packaging is changing. Its role continues to expand and play a more
important part in the delivery of products. This role is being shaped by a number
of key trends that affect the way packaging is developed. These trends, which
include a shift in the delivery of medical care from the hospital to the doctor’s
office and the home, place more reliance on the patient, non-M.D. health care
professionals, and the products themselves to improve treatment and reduce
costs. These existing and emerging trends will significantly change many of the
more common functions of packaging and our expectations about what a
package is required to do. As health care becomes more expensive and possibly
harder to access because of cost, these packaging trends and others that reduce
cost will be implemented for cost containment. A good example of one of these
trends is the increased approval of OTC products that originally required a
prescription. The individual is being permitted to make decisions about the
treatment of many diseases and conditions that required a doctor’s care just a few
years ago. This is both good and bad and its merits are not for review here,
however, the opportunity to introduce this choice to the patient has a direct
bearing on the reduction of health care costs. It also illustrates the increased
burden placed on packaging and labeling needed by the end user.

The issues identified as trends should continue into the foreseeable future.
They touch some of the key tenants of packaging, protection, communication,
and safety. A short discussion on some of the items in the list below is important
to understand how the pharmaceutical business and the packaging surrounding
the products are changing to meet new requirements and challenges. More
detailed discussions of these issues are part of the specific descriptions given for
various packaging options throughout the book.

Influences Impacting Packaging

Dispensing of product

Compliance

Communication of information—labeling
Tamper evidence

Radio frequency identification (RFID)
Anticounterfeiting measures
Environmental issues

Unit-dose packaging

Administration aids

Growth of the elderly population worldwide
Generic drugs
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e Self-medication
Product branding
Graphic development (labeling) changes in pharmaceutical communication

o Enterprise content management
o Digital asset management

e Direct to consumer advertising

Dispensing

Dispensing of product can range from a calibrated cup used to take a liquid like
cough syrup to a very precise aerosol package that administers a controlled dose
of medication for asthma. It can be a polypropylene membrane the patient places
on the body to slowly diffuses medication into the body. Patches for smoking
cessation are a good example of this type of dispensing. Many products cannot be
taken orally and are the ones that require development of a specialized dispensing
mechanism to make them work. The trend to build the dispensing mechanism into
the package whenever possible is a direction pharmaceutical manufacturers are
taking. It is designed to ensure the patient gets the best outcome from the product
with minimum effort. By building the dispensing mechanism into the package, the
possibility to misuse is reduced. The possibility that the dispenser may be mis-
placed is eliminated. The patient is presented with the dispensing mechanism, and
its use is detailed in the instructions supplied with the product. Common dis-
pensing devices around the home, such as tablespoons and teaspoons, can and do
get confused and can result in a problem for the patient. A built-in dispenser
eliminates any possibility of patient confusion.

Compliance (Adherence)

Many times the package is required to provide a method to track compliance.
Compliance is a measure of how a patient follows directions over multiple days
of treatment in the dosage regimen supplied with the product. An example would
be directions for taking a product multiple times during the day (e.g., a dosing
regimen of 2 tablets 3 times per day) for a number of days to treat a disease.
Compliance is one major aspect of drug treatment that is crucial to a successful
outcome of the therapy. A good example for the typical patient and consumer is
the prescription and dosage regimen of antibiotics for various infections. Not too
long ago people would take antibiotics until they began to feel better and then
stop taking the drug thinking they were cured. Now doctors emphasize the
necessity of taking all of the product prescribed and of completing the multiple
days of treatment, not only to prevent recurrence, but also to extend the life of
the drug. Bacteria are very adaptable entities that can and do develop resistance
to antibiotics in a number of ways, one of which is surviving a partial treatment
of an antibiotic regimen. Tuberculosis, a disease that was conquered by anti-
biotics, has begun to make a comeback and drug-resistant strains have been
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identified. Compliance packaging and the monitoring of the patient has the
ability to reduce our overall health care bill by providing proof of intervention
into multiple conditions that are far more costly to treat when they are left
partially treated and require additional treatment or hospitalization.

Another example is hypertensive products for reducing high blood pres-
sure. These products, taken every day, can prevent a stroke, a debilitating and
sometimes fatal outcome of the controllable chronic condition. Compliance
packaging may in the future be a requirement to monitor a patient’s continued
treatment of a condition.

Communication of Information—Labeling

Another trend in pharmaceutical packaging is the increased emphasis on com-
munication required for any product. This communication is especially true for
OTC products, but it is also required of prescription products and medical
devices. The labeled packaging, defined as the label, carton, insert, or electronic
media such as a CD or other digital forms of information that is part of the
package, provides the health care professional and the patient with the most
complete set of instructions, warnings, cautions, and side effects for the product.
To the surprise of most people, all drugs have some side effects, sometimes mild,
sometimes severe, and all side effects are required to be detailed in the labeling
on the product. The labeling communicates these facts to the physician and
patient. The warnings range from a statement about mild discomforts such as dry
mouth when compared with a placebo to a “black box” warning, the strongest
emphasis the FDA can place in labeling to highlight potential problems con-
cerning the use of a product. The use of pictograms and other nonliterate forms
of communication is another part of this growing trend. In the E.U., labeling in
all languages of the Union must be part of the package communication on both
pharmaceuticals and medical devices. Today the number of languages required
on products marketed throughout the E.U. is 13. This number is increasing to at
least 20, and as new countries are admitted and become part of the E.U., even
more may be required. The union is expanding to the east and a number of
countries in Eastern Europe have already joined the E.U. and begun the task of
harmonizing regulations. Part of the joining together is consistent regulations
regarding the number of languages required on pharmaceutical packages. The
resulting increase in required languages will result in an increase in the amount
of packaging or printed material used in a complete package to increase the
“billboard,” the amount of area that can be printed for communication in and on
the package. Multiple strategies to include all languages on packages are already
used, and these will increase with the new regulations.

Tamper Evidence

Tamper evidence in packaging has become a major area of concern and
emphasis for all pharmaceutical companies and consumers. The Tylenol™ scare
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in Chicago during the 1980s was a wake-up call for the public, the government,
and the companies. Laws and regulations were passed and codified to ensure that
packages provide visible evidence to the consumer that they have been opened.
The public has been educated to look for these features in packaging. They have
become accustomed to seals under bottle caps, bands on bottle caps, and other
safety measures that communicate whether the product has been opened when it
reaches their possession. Tamper evidence is the last line of defense to inform
the consumer something may be amiss with a package.

Tamper evidence is only required on drug packaging. This is surprising,
because if you think about it, the potential harm to someone from contaminated
food is just as great. The problem with extending this to all foods is one of scope
and cost. Tamper evidence is present on many products; however, it is an
increased cost that the manufacturer typically accepts as a way to provide a better
product or to match the expectations of consumers regarding product safety.

Radio Frequency ldentification (RFID)

Radio frequency identification (RFID) involves using a computer chip encoded
with information that can produce a radio signal and broadcast the information to
sensors at multiple points in the supply chain. The chip can be active (powered
by a battery and intermittently or continuously broadcasting) or passive. Passive
RFID labels or tags respond to the broadcast radio energy at a specific frequency
and emit a radio pulse or signal back to a receiver that detects and processes the
large amount of information encoded on the chip about the product and its
packaging. RFID is being explored for two different pharmaceutical packaging
applications: the first is to thwart counterfeiting and the second to track the
product through the supply chain at the case and pallet level.

For anticounterfeiting, the tag is programmed with a unique number that is
encoded and encrypted. The idea behind the anticounterfeiting information
encrypted on the chip is that the pharmacist or dispenser of the product can read
the code and then pass it through an agency or run it against a national database
and verify the encrypted information.

The second application of RFID identification is as a substitute for barcodes.
The information on the chip is used to identify, control, and verify the amount of
product from the manufacturer through the supply chain to the retailers’ shelves.
In some cases, it is also being used to identify product or packaging for disposal.
Wal-Mart and Target are two large US retailers along with Metro Stores in Europe
who have wide ranging and active RFID initiatives that mandate the use of RFID
identification labels on cases and pallets of products. The number of products with
this information interface is rising each year because of the corporate mandate and
initiative of Wal-Mart and Target. RFID offers the promise of automatic identi-
fication and tracking of a product when it moves in and out of warehouses and
storage areas in retail stores, and as a way to track the bulk packaging waste to
the recycling center within the retail store. Consumer concerns about privacy and the
potential that retailers could track individual consumer-buying habits, restrict the
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use of labels at the individual product level. The other limitation of the technology,
specifically how well a passive tag can be activated and then read, limits the
usefulness of the technology at the individual-unit level in retail. For health care
products, particularly those of high value, the usefulness of tracking items is under
study at Harvard Medical School and at other health care institutions.

Anticounterfeiting

Anticounterfeiting is an extremely serious and perplexing topic most pharma-
ceutical companies face. Counterfeit pharmaceuticals and medical devices are
very prevalent in all parts of the world. It is alooming problem that affects not only
drugs, but software, aircraft parts, auto parts, and a host of other products. The
opportunity for people to represent worthless or dangerous look-alikes as pre-
scription products or as OTC products in all parts of the world continues to grow.
The U.S. Commerce Department estimates that counterfeit products worth over $5
billion are sold in the United States each year. This amount is growing rapidly.
RFID, mentioned previously, is the latest technology under study to fight this
problem. Many packaging schemes, from holograms to reactive inks, have been
tried and are in use; unfortunately, even the latest anticounterfeiting measures can
be defeated or copied, and educating the public to look for a unique feature that
identifies the product as genuine is very difficult. Few products offer the profit
potential that pharmaceuticals offer, so the incentive to capitalize on worthless
copies of a product will continue. Even hard-to-make parenteral products, prod-
ucts designed for injection, have been counterfeited and have reached the market.

Environmental Issues

Packaging in the United States and Europe strives to impart a minimal environ-
mental impact by minimizing materials and placing a focus on using materials that
are easily recycled. Packaging is always first and foremost about using a minimal
amount of material to provide optimum protection and safety while delivering the
product and environmental awareness only reinforces this dynamic. Both areas of
the world along with many others are now concerned about what to do with
packaging after it completes its functional life. This trend is also growing in other
parts of the world. Major retailers are beginning to discuss and in some cases
enunciate corporate environmental and sustainable responsibilities. They are setting
goals for their products that take into account the environmental impact of making
and disposing of a product, and are requiring manufacturers to help them meet their
environmental sustainability goals.

This environmental trend for packaging has been around for the last
20 years and is expected to grow. As consumer awareness increases and infor-
mation that highlights raw material sources, resource use, sustainability, recy-
cling, and ultimately disposal are made part of the general public consciousness,
packaging will have to change. Until packages can be consumed with a product,
they will be a major contributor to waste. Individual delivery of packaged
product, brought about by purchase over the Internet or by phone from catalogs
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and delivered to your door will add to the amount of packaging used by con-
sumers. Instead of a case of product being opened at a retailer, 24 individual
cases, albeit smaller, will be required to deliver the product to one’s door. This
change is one potential area for major growth in the volume of packaging used
and its increased contribution to the waste stream. Products purchased online and
delivered to one’s door require more packaging than those obtained from the
pharmacist or purchased OTC. These products greatly increase the amount of
secondary and tertiary packaging required to survive a small package distribution
system. The percentage of products purchased online is increasing, and the total
impact this may have on packaging and the environment will grow.

Branding Prescription and Generic Products
to Establish Consumer Identity

Branding and brand name have become leading ways pharmaceutical companies
set their products apart from their competition. The first and still most effective
way to communicate with doctors and patients is through the sales representative
of the company. The representative relies on literature and samples to commu-
nicate the company’s message about the benefits and attributes of the pharma-
ceutical product. The literature used and the samples provided to the doctor for the
patients are designed to be coordinated in working together for improved doctor
and patient communication. The brand look and design allow the patient to
identify the product being sold as the same as the sample received in the doctor’s
office. This is important for the elderly or for patients who take a large number of
medications. A simple method that helps people to identify prescription products
from OTCs medicines makes life better for them. Branding, which includes all the
visual identifications used on a product are extremely important to people. It also
permits the product to establish a presence and recognition in the marketplace that
is important after patent expiration, when the product becomes a generic drug.

Initially new products are protected by patent and have no competition, but
today it is not unusual for multiple drug companies to conduct parallel R&D on a class
of drugs. Statins, the number 1 prescribed products in the world, are a good example
of this. Multiple companies developed multiple variations of the statins, and, as a
result, multiple companies supply statin analogues for treatment of cholesterol. Each is
different, and each has patent protection of the unique API. Providing an easy method
for patients to recognize what they are using becomes important because not everyone
reacts in the same way to similar but not identical drugs in a class of product.

As a drug completes its patent life, generic manufacturers copy the original
product and provide a low cost generic drug alternative. All pharmaceutical
companies work hard in marketing and communication to establish their par-
ticular brand of product as the gold standard for the therapeutic treatment of the
condition or disease. They want to deliver this message to consumers. If they are
successful, consumers will continue to ask for a product by name after patent
expiration and won’t accept generic substitutes. This softens the blow of patent
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expiration and permits pharmaceutical manufacturers to maintain manufacturing
volume crucial for low-cost supply.

Many new prescription products have a potential for over the counter sales.
Here it is crucial to establish the brand name with consumers. Examples of
products that required a prescription during patent life and then moved to OTC
sales after the patent expired would be the nondrowsy antihistamines (Claritin™)
and proton pump inhibitors for heartburn (Prilosec™). These were prescription
products when introduced. At the end of their patent life, with a documented
history of safe usage by millions of people for many years, they were considered
safe by the FDA to be approved as OTC products. People still look for these
products by brand name.

Direct-to-consumer Advertising

Adpvertising of prescription products directly to the consumer has become a standard
marketing tool used by all the pharmaceutical companies. For packaging, the con-
sistency of product labeling and supporting literature are an area of emphasis.
Packaging of prescription products was a dull, bland, and somewhat repetitive
exercise not long ago. Product specified by the doctor and needed by the patient did
not require anything special in terms of graphics and packaging for promotion.
Advertising to consumers has changed all of that. Now companies use television,
print, and Internet advertising to make people aware of their product and the benefits it
provides in the treatment of any number of conditions. The consumer asks for the
product by name and relates to the images and information provided in the com-
munication media to be sure it’s the right product. Direct-to-consumer advertising
does not automatically generate sales of a product. Its value and the major benefit this
form of communication provides are creating consumer awareness of medical con-
ditions and one of the new treatments available. Patients will discuss the condition
with their doctors and inquire if the symptoms they exhibit are similar to those
described in the advertising. The doctors may advise or determine that they don’t have
the condition, or if they do, it doesn’t need treatment, or that other products available
for treatment of the condition are a better choice for the patient. Only 35% to 40% of
people inquiring or requesting a drug by name actually end up with the product.

Direct advertising also is playing a role in helping health care professionals
remain abreast of new treatments and products in the pharmaceutical pipeline.
Today we are overwhelmed with information and advertising, if nothing else, is a
start for many toward awareness of a product they may need. Doctors are swamped
with information just like all of us in today’s digital information age. Simple direct
communication to them, which prompts their interest and encourages them to
learn more about new treatments is a good outcome for direct advertising.

Information Technology and Graphics Trends

Enterprise content management and digital asset management. This is the
digital age. Information is designed, stored, and disseminated digitally. For a
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pharmaceutical company the amount of information needed to communicate to a
patient or doctor all information required is daunting. It is also expensive and
difficult to manage, when variations in claims and marketing approach prolif-
erate for a product depending on the part of the world in which it is marketed and
sold. Two new information technology tools, digital asset management and
enterprise content management, are at the forefront of technology and systems
needed by companies to manage all the information and changes occurring in
pharmaceutical products, particularly pharmaceutical product labeling. Com-
plementary technology provided by the Internet and XML, or eXtensible Markup
Language, are components of these two broader and more significant technology
changes.

Enterprise content management. “Enterprise content management” (ECM) is
the broad term applied to all forms of communication within a company and how
these forms will be managed now and in the future. Global companies, including
global pharmaceutical companies, produce an enormous and rapidly growing
volume of content. Knowledge workers spend an inordinate amount of their time
just looking for the information they need to do their jobs. In pharmaceuticals
this information problem leads to a lack of consistency in branding and mes-
saging of products. It is also slowing project teams entrusted with product
development as they struggle to collaborate and use information as quickly as it
is developed. It also slows down Web sites in changing and delivering the
appropriate information about a product in multiple countries or regions.
Everything from e-mail to visual images and all the data developed or collected
within a company is digital or being converted to digital information. This
mountain of information requires a strategic vision to avoid redundant technical
development and to archive and save the information in a form that is easily
accessible when crucial to business functions. Packaging creates a large amount
of product-related information that can be used multiple times in many different
ways to minimize the cost of its creation and maintain the consistency of
graphics, the color, and the message it conveys in multiple languages around the
world. Specifications, validations of packaging materials and systems, bills of
material, incoming inspection reports and many other items are all part of the
packaging contribution to manufacturing and maintenance of a product. All of
the documentation mentioned and all of the labeling and graphics used in
marketing and packaging a product reside in multiple file formats with multiple
generic and industry-specific standards. All of this information requires a stra-
tegic vision and a simple method to organize it for all to use. This is the promise
of a true ECM system within a company.

Packaging will play a major role in any ECM system development. The
breadth and depth of information considered part of packaging and the related
marketing collateral used for a product cannot be managed in any other way.
ECM and its subset digital asset management (DAM) are becoming crucial to
eliminating waste in the development of packaging specifications and labeling.
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As companies manufacture more and more products in multiple plants or in
multiple regions of the world, the ability of a packaging group to access and
share information becomes more and more important. Quick access to available
information, communication of the information to multiple end users within and
outside the company, and the ability to track and change items broadly without
making changes to each and every item are the goals driving the use of ECM.
These systems permit the company to communicate all the information needed
by suppliers, multiple offices, and Web sites simultaneously instead of requiring
the creation and maintenance of the information for each individual requirement
or need. An example of this electronic asset capability is the communication of a
product insert to the Web site for the product, to the printer supplying the insert
to manufacturing, and to every doctor and salesperson needing that information
at any time. Today’s world demands this type of information availability, and
ECM systems will begin to manage that job.

DAM. DAM is a subset of ECM. This is a component that organizes all the
digital assets of a company as a library within the ECM system. Packaging for
these assets includes all labeling, graphics, sales aids, promotional literature,
product inserts, and images associated with each product. It is a simple repository
is needed that permits sales, marketing, regulatory affairs, quality assurance, and
packaging to quickly find and use these assets effectively. It also reduces the risk
that a location or department may use a version or revision of a critical piece of
information that is out of date or incorrect. By structuring information and then
marking it with XML, a company can quickly change and update information
everywhere, and feed that revision immediately to any department, supplier, or
customer authorized to see and use the information. This is in stark contrast to hard
copy files and multiple digital file formats stored on a server. It is a complete
catalog of assets that permits easy access for all parties everywhere.

SUMMARY

This is an amazing collection of things to cover in one volume. This book is an
introduction to and overview of these topics, and it should remove many of the
questions and unknowns about pharmaceutical packaging.
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Pharmaceutical Dosage Forms and Their
Packaging Requirements

INTRODUCTION

Before one begins to understand pharmaceutical packaging, some basic infor-
mation is required regarding physiology, chemistry, drug delivery pathways,
drug characteristics, pharmaceutical Current Good Manufacturing Practice
(CGMP), the Food and Drug administration (FDA), and other topics. This varied
and complex information plays a role in the design and required performance of
pharmaceutical packaging.

Pharmaceutical drug products, the compounded products administered to
the patient, are made up of active pharmaceutical ingredient(s) (API) and
diluents or excipients that dilute the API to a safe and efficacious point, increase
the volume of the product to make it easy to administer, or modify the solubility
of the product to make it available for the patient’s body to metabolize, while
protecting the active ingredient from decomposition or change. The physiolog-
ically inert excipients also act as a second layer of protection for the product after
the packaging by providing coatings, buffers, or free radical scavengers that
protect the API from change. They also act as solvents, lubricants, and binding
agents that aid in the manufacture and dosage administration of the product. All
pharmaceutical products and specifically their APIs must deliver the certified
therapeutic result throughout the stated shelf life of the product. This expectation
is built into the FDA regulations surrounding drugs and medical devices and the
consumer’s expectation that the product will perform as specified and described
in the information contained on the product’s packaging.

The problems surrounding these products for both manufacturing and
packaging come from the types of chemical compounds being delivered to the
patient. The API molecules, both traditional chemical compounds and larger
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biopharmaceutical molecules, have inherent problems relating to their stability,
purity, and sterility. The formulation of the product and the development of its
packaging must meet the unique needs of each new product. This background
combined with an understanding of drug physiology and drug dosage forms is
required to put packaging into an understandable context.

STABILITY

Drug products are designed to provide effective and safe treatment to a medical
condition. Safe treatment includes maintaining the effectiveness of a product
over its stated shelf life. This means the product and package must maintain both
the integrity and effectiveness of a drug from the time of manufacture and
packaging to the point where the product is consumed. The first and most
important requirement for packaging in this context is protection of the drug
from chemical change. A bulk package used during manufacture must not
interact with a drug during manufacture, and final or individual dose packaging
must be proven to not have interacted with the product in subsequent testing of
the finished product before New Drug Application (NDA) approval and its
release for sale. The package also must not interact in a significant way with the
product during distribution and storage throughout its stated shelf life. The
package must protect the drug from any harmful effects during distribution and
ensure that a patient will receive the expected benefit that the product is proven
to provide. When a product completes normal quality control testing at the point
of manufacture, confirming it meets all required specifications for approval and
release, the job of packaging really begins. The package must protect and
maintain the product in this final manufactured form throughout its stated useful
life. Shelf life is typically the period of time the drug product retains 90% of its
activity or potency. At the end of this time period, which is determined by
chemical and biological testing during drug development, the drug should be
discarded. This period of time or the final date of drug effectiveness or shelf life
is clearly marked on every package.

CHEMICAL CHANGE

Most drugs are organic molecules that are subject to change through a number of
chemical pathways that can be triggered by light, heat, moisture, or oxidation
(1). Many active pharmaceutical ingredients are extremely reactive in very small
amounts and must be diluted to present the body with the correct therapeutic
concentration needed. The amount of active ingredient contained in a tablet,
solution, or suspension is typically diluted with other ingredients called exci-
pients that may provide protection from the harmful effects of moisture and
oxygen for short periods of time, and also provide the physical bulk needed to
produce a dose volume that can be easily handled and consumed. In the case of
liquid products, water, organic solvents, oils, and alcohols are the typical
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excipients used to produce a volume of liquid large enough to be measured and
consumed. Topical products are similarly diluted with a variety of materials that
facilitate application to the skin or affected area.

Biopharmaceutical products are different from the complex chemical
molecules that are the active ingredients in traditional drug products. These are
typically very large molecules that include proteins and enzymes. The variations
in packaging for these products are similar to many of the classical pharma-
ceutical compounds and will be treated in the same way in this chapter, with
references to them in the various dosage forms.

Small molecule APIs, the molecules that produce the therapeutic effect,
are very unique chemicals. Their biological activity is typically dependent on
two different characteristics of the molecule, its chemical composition, and the
exact configuration of the chemical constituents within the molecule. In bio-
logical products, because the molecule is very large, its shape or folded ster-
eochemistry is important as active sites are only presented with chemical binding
or reaction in the body when the molecule is folded in one specific configuration.
Proteins can and do have multiple ways to form and fold, and maintaining the
proper structure is important.

Chemical APIs typically come in the form of optical isomers (1). Optical
isomers are forms of the same molecule that are mirror images of each other. Just
as you have a right and a left hand that are mirror images of each other, these
molecules have left and right orientations of key active groups around a central
carbon atom. Surprisingly, one form of the molecule, either the levo (1) form or
the dextro (d) form of the same molecule, is pharmaceutically more active than
the other. In almost all biological systems, stereochemical specificity is the rule
rather than the exception, since the all important body catalysts, a group of
chemicals called enzymes, are optically active. Hence, the compounds they
interact and work with must be optically active as well.

Whenever a compound contains a carbon atom bonded to four other dif-
ferent chemical groups, it can be considered a derivative of methane (CH,), and
what we know about the methane molecule can be applied to that molecule,
regardless of how simple or complex it may be. This carbon atom may also be
called a “chiral carbon,” a term that indicates it is surrounded by four different
entities (Fig. 1). By definition, a chiral carbon cannot be converted from one
stereochemical configuration to another by rotation of bonds. A chiral carbon has
four different chemical substituents attached to it, and because of this fact, it can
exist as two mirror image forms (Fig. 2).

Analytical examination of a carbon atom bonded to four other atoms
indicates that the bonds form the shape of a tetrahedron. In fact, this idea was
proposed during the 19th century before the direct determination of molecular
structure was possible. The evidence for this structure was derived from optical
activity of molecules with a formula, CWXYZ, which creates physically similar
molecules that rotate light in different directions. The letter symbols WXYZ
each represent different chemical groups distributed around the central carbon
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Figure 1 Representation of a chiral carbon with different groups around the central
carbon.
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Figure 2 A representation of enantiomers as mirror images of each other.

atom in a tetrahedral structure. These molecules are called enantiomers (Greek:
enantio-, opposite).

Light possesses properties that are best understood when it is represented
as a wave function. The vibrations of the wave occur at right angles to the
direction the light travels. There are an infinite number of planes passing through
a line of propagation of light, and ordinary light passes through all of these
planes. When light is plane polarized, typically called polarized light, it means it
has been transformed into light that is vibrating in only one of the planes. An
optically active substance is one that rotates polarized light, so that when the
light emerges after passing through the substance or a solution of the substance,
it is rotated, which means it is vibrating in a different plane. The instrument used
to measure the rotation is called a polarimeter. The polarimeter uses two lenses;
the first lens is used to polarize the light, then a tube is used to hold the substance
to be measured, and finally a second lens that can be rotated. Light enters the
first lens and is polarized into one plane of vibration; it then passes through the
substance and is rotated either left or right in its plane of vibration if the sub-
stance is optically active, and then passes through a second polarizing lens. By
turning the second lens to the left or right until the maximum amount of light
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emerges, the amount of rotation created by the substance between the two lenses
can be measured. If the rotation of the plane of light measured by the rotation of
the second lens is to the right (clockwise), the substance is “dextrorotary,” and if
the rotation is to the left (counterclockwise), the substance is “levorotatory.” The
two terms are derived from Latin, in which dexter means right and laevus means
left. Lactic acid extracted from a muscle will rotate light to the right and is
known as dextrorotary lactic acid. When a starch is fermented to ethyl alcohol,
one of the by-products, 2-methyl-1-butanol, rotates light to the left, and is known
as levorotary 2-methyl-1-butanol. The two forms of 2-methyl-1-butanol, for
example, have identical boiling points, melting points, densities, refractive
indices, and all other physical constants that can be measured except this rotation
of plane-polarized light.

A large amount of the research effort is often expended in developing a
synthesis pathway of a complex drug molecule to produce a chemical reaction that
favors the formation of the most pharmaceutically active molecule and minimizes
the formation of its optical (mirror image) analogue. A common product that
exhibits this difference in activity is epinephrine, where its levo (1) form is 15 to
20 times more active than the dextro (d) form of the molecule (Fig. 3) (1).

Proteins and biopharmaceutical molecules display some of these same
properties in the way they fold or twist into a complex shape. The folding or
twisting presents or makes available different surface groups that determine the
molecules’ pharmaceutical activity.

The active pharmaceutical ingredient of a drug can be sensitive to a
number of physical and chemical conditions that a packaging engineer must be
cognizant of when designing a package. Many of the chemical compounds that
act as drugs are inherently unstable. Protection from oxygen, heat, moisture, and
light are the most common environmental factors that a pharmaceutical product
requires. These molecules can and will undergo change after exposure to some or
all of these factors. When a molecule is biologically reactive, it follows that it
must also be chemically reactive as well. Heat and light can change the drug
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Figure 3 Dextro and levo forms of epinephrine.
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product from one optical isomer to the other by breaking chemical bonds, per-
mitting rearrangement, or it can begin the breakdown of the molecule into smaller
molecular components. Rarely are these components or degradation products
harmful, but they may reduce or eliminate the effectiveness of the drug. The body
reacts to a drug compound and then metabolizes or breaks the material down by
chemical reactions in the body; these degradation products are usually different
from those produced by environmental factors and time during the shelf life of the
drug. Many molecules are only active in the dextro (d) or levo (1) forms mentioned
earlier, and the packaging problem is to prevent energy needed to break bonds from
entering the package and permitting the molecule to change to the wrong form,
which after conversions may be slightly more stable than the active enantiomer.
The interconversion of enantiomers (configurational enantiomers) is slow because
bonds must be broken. The pharmacist and the pharmaceutical manufacturer are
responsible for understanding the inherent instability of the molecule, and using this
knowledge are required to formulate a product that overcomes or minimizes the
instability long enough for the product to reach the patient. During packaging at the
point of manufacture and packaging used in a compounding pharmacy, it is
essential to provide product protection. Packaging is a major part of the layers of
protection built for a drug to minimize chemical change. Typical conditions
encountered by the product such as heat and light can provide the necessary energy
to begin a change in a product. Packaging can insulate the product from these factors
and contribute significantly to the total shelf life of a particular molecular form.

THERMAL PROTECTION

Short-term protection of a product from heat is all that the packaging can provide
unless designed to maintain a temperature range for slightly longer times, per-
haps three or four days when a product is shipped to a remote part of the globe.
This is common for vaccines, and the thermal protection required is one of the
unique forms of packaging used by pharmaceutical producers. Labeling is also a
key packaging feature that highlights the required storage conditions of a product
to prevent exposure to environmental factors that degrade the drug.

Protection from heat (or freezing) is required throughout distribution and
storage of the product by the health care professional or the patient before use.
Warehouse conditions are monitored and documented (required by the FDA) by
pharmaceutical manufacturers and distributors to protect the products from
temperature extremes. This monitoring is also carried out on the mode of
transportation used to ship the product such as a truck or cargo container to
ensure that the product is maintained in an environment certified during drug
development as safe. It is not unusual for packaging to be color coded to
highlight the proper storage conditions. Unfortunately, there are no standard
conventions to this color code system signifying the conditions each color rep-
resents, and each of the manufacturers that use color-coded labels or containers
has their own unique system.
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CHEMICAL REACTIONS

The chemistry behind the reactions that cause change in drugs is in most cases
relatively straightforward. Hydrolysis, oxidation by environmental oxygen or
other substances that remove electrons, and light, which increases the energy
state of a molecule, permitting it to undergo change, are the most common
culprits that packaging must stop or retard to deliver a safe and effective product
to the consumer. In many cases, the packaging must protect the product from
more than one of these risk factors, and understanding the materials used to
produce the product and the dosage form of the product are essential for
development of a package that is safe and protects the product for long periods of
time. Most pharmaceuticals are stable for a minimum of two years from the date
of manufacture.

Packaging must be involved early in the exploratory research of a bio-
logically active molecule to provide expertise and direction on how to protect the
product even before the product reaches the Investigational New Drug (IND)
stage of review. Drug discovery exploratory group is charged with the task of
screening numerous compounds for biological activity and beginning the process
of testing a compound for possible product applications. This group will often
automatically place the API into a stability program immediately after it shows
promise as biologically active. This is done for a number of reasons, including
decreasing the time necessary for development of potential efficacy, under-
standing of the chemical kinetics behind stability of the molecule, and providing
long-term stability data for an IND application or, later, an NDA to the FDA.
The same data are used when completing the dossier of information required by
regulatory agencies outside the United States. Many times these data represent
the best and most complete picture of the molecule’s behavior over extended
periods of time, particularly if kinetics or chemical structure is complex and
multiple degradation pathways exist. Small chemical changes can cause marked
differences in the performance of a drug. Many times these changes are very
hard to detect. Small changes in color, solubility, separation, or other observable
physical changes are used to measure the effectiveness or potency of a product.
Along with the pure molecule, the API is combined with multiple formulas
(combinations) of inert ingredients called excipients to produce stability samples
in tablet, liquid, gel, or ointment form, depending on the condition being treated
and the most effective administration route for the patient. These additional
ingredients dilute or modify the bulk volume of the product and provide physical
characteristics needed for manufacture or protection from harmful environmental
effects during manufacture. They become an integral part of the product and may
carry over into the storage life of product characteristics that provide the first line
of defense against chemical change. They accomplish this by providing or
maintaining a chemical condition that stops or hampers product degradation. An
example of this is a pH buffer, which is used to maintain an ingredient in the acid
(H"), base (OH"), or pH neutral environment that creates the best stability
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conditions. The excipients may also be a second line of defense for the product
after package protection from the environment has been slowly compromised.
An example of this would be oxygen scavengers formulated in a product’s
excipients and then packaged in plastics that prevent the formation of free
radicals that are typically the precursors of degradation. The scavengers elimi-
nate any atmospheric oxygen that slowly seeps into the container through the
oxygen barrier plastic (2) and thus extend the product shelf life or long-term
efficacy. They also provide short-term product protection after the packaging is
opened by the patient.

A standard group of excipients, diluents, and other inert materials are
added to the active molecule to reduce its API strength to the level believed to be
biologically effective and least toxic (3). Toxicity is determined by in vivo
testing and later in animal testing to develop a profile of the most effective range
of doses that produce the therapeutic effect. This extensive toxicity profile must
be completed before an IND application is submitted to the FDA for testing in
humans. Biologically active substances that complete toxicology screening and
manufacturing suitability are submitted to the FDA in the form of an IND
application, and with the agency’s approval, are then used in clinical trials on
human subjects. The various steps and levels of clinical testing and the
requirements for each phase of testing from the IND application to NDA are
covered in chapter 5 on “regulatory affairs.”

Early packaging development and the introduction of multiple forms of
packaging for a product typically follow a discussion and review of the product
with both the discovery group and the marketing group to produce a best esti-
mation about how the drug will be presented or administered to a patient.
Manufacturing is also part of this process; they typically input how and where a
product is planned for manufacture and how that manufacturing operation may
influence the packaging considered or available for the product. For example,
tablets undergo stability testing in bottles, blisters, and, if required, bulk con-
tainers. Bulk containers are necessary when preparation and tableting take place
in one location and tablets are packaged finally for the patient in multiple
locations, which may mean in multiple countries.

Moisture Protection—Protecting the API from Hydrolysis

Hydrolysis is the chemical reaction or process in which a molecule is split into
two different species on reaction with water. One of the cleaved species acquires
the hydrogen ion (H) and the other the hydroxyl ion (OH") or a positive
hydrogen ion and a negative hydroxyl ion. This is distinct from hydration of a
molecule in which water is added or absorbed from the atmosphere by a sub-
stance, with no chemical change. Hydrolysis in organic chemistry is the opposite
of condensation.
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Physiological irreversibility of hydrolysis is used by the body in metabolic
pathways, since many biological processes are driven or derive their energy
through the cleavage of pyrophosphate bonds; the metabolism of adenosine
triphosphate is a prime example of this hydrolysis. Under most physiological
conditions, which involve dilute aqueous solutions, the metabolic reaction is
essentially thermodynamically irreversible if the concentration of metabolic
starting material is low.

Many pharmaceuticals contain ester or amide functional groups that can
react with water, leading to the cleavage of the chemical bond and the formation
of two new species (Fig. 4). The chemical process that cleaves a compound into
two or more simpler compounds through the uptake of the hydrogen ion (H") or
hydroxyl ion (OH") parts of the water molecule on either side of the chemical
bond cleaved is a major pathway for the degradation of many drugs. Common
products that fall into this chemical degradation process include aspirin, anes-
thetics such as procaine, tetracaine, and cocaine, and heart stimulants such as
atropine, a drug used to increase heart rate. Products like these contain chemical
linkages called amides or esters, the stable salts of the base material. The ester or
amide group is particularly susceptible to hydrolysis. Reaction of the functional
group with water causes cleavage of the bond in the molecule and the creation of
two new compounds. Amide groups after hydrolysis form acids and amines.
Esters after hydrolysis produce an acid and an alcohol.

The first line of defense for a drug containing a functional amide or ester
group is the use of a buffering agent introduced as part of the excipients. The
buffering agent can be a solid in a tablet or a liquid in solutions. It can also be an
oil used in the formulation of an ointment, lotion, or cream. These chemicals
minimize the formation of an acid or base condition needed to facilitate
hydrolysis reactions.

Hydrolysis can occur slowly in pure water, but the addition of a small
amount of acid or base can act as a catalyst to increase the rate of the decom-
position reaction. The addition of a buffering agent to a drug product in solution
minimizes the potential change.

O H
A—C—MN—R'+ HO0—R—C—0H + HN—F
Amida Acid Amine
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Figure 4 Hydrolysis of esters and amides into acids and amines or alcohol.
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Another method of protection from hydrolysis is the introduction of a
surfactant or an organic solvent such as propylene glycol. The surfactant or
organic solvent can bind to the active groups and prevent them from coming in
contact with the hydrolyzing agent. Barbiturates are a class of drugs that use
blended diluents containing propylene glycol to make them more stable.

In products that are somewhere between a drug and a food, similar protection
is required. Thiamine and niacin (niacinamide) are two common nutritional
supplements that must be protected from hydrolysis. Protection of these ingredients
in food products with specific label claims is common, and the same methods
of protection used for pharmaceuticals are also used in a supplement or food
product.

Oxidation—Reactions with Oxygen

Oxygen is one of the most common environmental factors to cause drug deg-
radation. Oxidation is the removal of electrons from a molecule and does not
always require the presence of oxygen. When oxygen is involved, the molecule
can produce free radicals that speedup the degradation process. This is one place
where a little oxygen exposure (oxygen-induced free radical) can go a long way
in speeding degradation. Pharmaceutical packaging can use many different
approaches to block or eliminate oxygen or the free radicals it produces and
provide the product protection needed. All or some of the potential options
eliminate or minimize environmental oxygen from degrading the API. Examples
of a few of the approaches include using a metal or glass container that is
impervious to oxygen, using plastics with a material barrier to oxygen, or using
plastics, paper, or composite materials that incorporate an oxygen scavenger in
combination with the oxygen barrier. It should be noted that any plastic package
has some permeability, so you are describing a very slow controlled leak
when you discuss oxygen protection and plastic containers. One of the newest
methods of increasing oxygen barrier in plastics is the use of an oxygen scav-
enger in the packaging material. The scavengers are found in the walls of the
container.

The closure or cap on a bottle must be engineered to prevent oxygen entry.
When a screw-type closure is used, the gasket would be made of a material that
prevents the slow introduction of oxygen to the headspace of the package, or it
may contain a scavenger similar to the material contained in the plastic bottle
itself. Other techniques include a heat induction seal with a foil containing
multilayer liner in a closure and the introduction of an inert gas on the inside of
the container during filling. When an inert gas is used many times, the product
itself is manufactured under a laminar hood to blanket the manufacturing process
with an inert gas to further reduce residual oxygen that would be carried into the
package by the product.
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Oxygen scavengers and other free radical scavengers can inhibit the effects
of oxygen coming in contact with the product. These materials include sulfites,
thiosulfites, and ascorbic acid in water-based systems. In oil-based systems,
palmitates such as ascorbyl palmitate or hydroquinone are used to absorb the
small amount of oxygen that find its way into a product.

Heavy metals are classical catalysts of oxidation reactions when hydroxyl
or hydrogen ions (hydronium ion) are present. The use of reactive agents to
remove these ions when a heavy metal is present is another effective strategy to
prevent oxidation. Obviously the removal of the metal catalyst from the drug
mixture is required if the concentration is high, but even the very small amounts
that are carried over from a manufacturing step may require removal until they
are below required levels. Unless stability or toxicology data indicate otherwise,
removing extremely small amounts of metal with extensive purification steps,
usually multiple recrystallizations, is expensive and difficult to manage on a
large scale to remove minute traces of these materials. For these materials,
usually present in the part per million or part per billion ranges, the alternatives
for protection from moisture or oxygen are more effective.

LIGHT PROTECTION

Light is an energetic waveform that can provide the energy necessary for a
substance to react or change configuration. The higher energy level can rupture a
chemical bond and is another pathway to the formation of free radicals. The
smaller or shorter the wavelength of light, the more energetic it is. Ultraviolet
light is the most energetic form of light and is present in sunlight. Visible light is
less energetic but can still provide the energy necessary for a chemical reaction
to take place. Racemization, the change of a compound from one optical isomer
to another, is a change that can take place when light energy is provided to an
active molecule. Light can also generate heat, or can be absorbed selectively by
materials in the formulated product. These materials, although not the API, can
transfer energy to the drug product by simple collisions, and this pathway can
also lead to stability degradation and product change. Steroids such as hydro-
cortisone, prednisolone, and methyprednisolone are examples of drugs that
are susceptible to changes from light. Their degradations take place through free
radical reactions, and compounding these products with antioxidants is
an effective way to increase stability and shelf life. Packaging these products in
opaque containers, or in containers that block the harmful wavelengths of
light associated with degradation, is a typical solution to this problem. If the
product is a liquid, or if the product must be measured from the dispensing
container, labels that have small graduated openings or windows may be used to
protect the product from most of the environmental light to which it may be
exposed.
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MATHEMATICAL METHODS AND ACCELERATED METHODS FOR
ASSESSING SHELF LIFE

A number of methods are available to predict or develop a good approximation
of the shelf life of a product. The methods include storage of a product at an
elevated temperature to increase the chemical reactivity and develop an idea of
how a product degrades. The Arrhenius equation is used as part of the process to
develop a correlation between time and temperature to predict the potential shelf
life of a product. This can predict the effect of temperature on chemical stability
and can also be used to determine the effect of a catalyst on decomposition.
The Arrhenius equation:

k-A x exp

Note: k is the rate coefficient, A the frequency factor constant, E, is the
activation energy, R is the universal gas constant, and 7 is the temperature (in
degrees Kelvin).

Computers and their ability to manage data have greatly simplified this
predictive process. It may not be necessary for a researcher to determine the
mechanism of degradation initially. Testing of the API and testing of the for-
mulated drug in multiple accelerated aging conditions produce an understanding of
the drug concentration effect on stability and possible effects of concentration and
excipients on the degradation products. After the data are obtained, they can be
analyzed and extrapolated to provide a good approximation of shelf life. These
techniques are particularly useful when multiple diluents and excipients are part of
the mix and their combined effect is difficult to calculate. This mathematical
technique cannot be used for a final shelf life determination used for final product
labeling but can be used to develop shorter-term shelf lives acceptable to the FDA
and used during the introduction of the drug, while long-term testing at standard
temperatures takes place. This accelerated technique is also valuable for validation
of the first production lots of a product being brought to market. Generally, final
shelf life listed on a product indicates that the product still exhibits 90% of its
potency at the expiration of end date on the product label or package. For products
that are unstable at room temperature, the same testing is carried out at both
refrigerated and frozen conditions to produce the understanding of decomposition
products and develop the calculation of potential shelf life.

PURITY AND STERILITY

Purity and sterility are standard expectations for a pharmaceutical consumer.
They are attributes that are required by the FDA and outlined in regulations and
guidelines on CGMP for the manufacture, processing, packaging, or holding of
human or veterinary drugs. Purity refers to the idea that the drug product in the
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package is pure and free from contaminants. You are getting exactly what you
expect in its purest formulated form for combating the disease or condition. This
was not always the case, and one of the main reasons for the passage of the Food,
Drug, and Cosmetic Act that created the modern FDA was to regulate the purity
of drugs.

Sterility is another expectation of the consumer and all regulatory bodies
around the world. Drug products, depending on how they are prepared, can still
contain harmful organisms. There are numerous methods employed to eliminate
harmful organisms, but for them to be effective, scrupulous attention must be
paid to all parts of the manufacturing process, including the procurement of raw
materials and packaging to ensure that the final product does not contain
something harmful. Processes used to sterilize a drug begin with an assumption
of a known bioload or bioburden, the amount of harmful organisms occurring
naturally in the ingredient(s) or introduced in the manufacture or packaging of
the product. If a naturally derived material is heavily contaminated with an
organism, the sterilization process may be overwhelmed and not able to fully
eliminate all the harmful organisms in the sterilization cycle.

Drug Purity

Drug purity or the lack thereof was one of the main reasons Congress passed the
initial regulations governing medicinal products. “Snake oil,” as many drugs
were referred to at the turn of the 20th century, was a derogatory term that still
persists. It meant that medicinal products magically achieved their performance
with unique ingredients that were company’s or individual producer’s secret.
Unfortunately, many of the original products touted as medicine contained
harmful and dangerous ingredients, including opiates (narcotics) that relieved
many symptoms but did not cure disease. Over the past hundred years, this
possibility has been eliminated. Pharmaceuticals must stand multiple layers of
review and testing and pass them all to achieve any claim for efficaciousness and
safety. All the materials used in the product are examined during the review.
Purity is the first major concern of a manufacturing operation. Following
the rigorous review and approval process all drugs undergo, the next most
important requirement for producing a drug is the diligent focus within any
manufacturing operation to follow and maintain all the performance and testing
standards that were defined, proven, validated, and submitted to the FDA during
the product’s developmental phase. This scrupulous focus on detail starts with
the raw materials used to manufacture the API, the excipient materials that are
part of the compounding products, and the packaging materials that contain and
protect the product. Raw materials rarely are elemental; they are usually partially
compounded intermediate products that are subject to some degree of variability.
The manufacturing organization and a separate department, the quality assurance
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organization, must be constantly vigilant to maintain the specifications and
standards that define all the component materials or packaging in all phases of
product production and testing.

Quality Assurance

The quality assurance organization, although located within the manufacturing
operation and part of its day-to-day function, is required by law to remain outside
the manufacturing organizational structure. This is to ensure that their decisions
on product quality and purity are not influenced by the people responsible for
making and supplying the product. Quality assurance is responsible for testing
and/or certifying incoming materials, intermediate components, and other
materials needed for manufacturing and to meet the defined and validated
specifications for each of the product components that are part of the manu-
facturing process. This includes all packaging components and the finished
product. Quality assurance is also responsible for making sure that the label
applied to any product is correct right down to the latest revision. They are
responsible for any variable information that is required in manufacturing, such
as the lot or batch number of the product, the time and date of manufacture, and
the expiration date expressed on the labeling. Record keeping for manufacturing
a drug is extensive and under the purview of the quality assurance organization
as well. Each time a product is produced, the batch record and the documents
used by manufacturing throughout the production process are reviewed by the
quality organization to ensure that they are correct. The batch record not only
provides the quantity and type of raw material used for manufacturing the
product, it also contains the detailed instructions of how to bring the ingredients
together in each step of the process. The batch record receives a physical sign-off
(initials or actual signature) by technicians and operating personnel charged with
making the product and ensures that each step in the process was carried out
correctly.

Quality assurance certifies that the technicians or operators, manufacturing
employees actually involved in the production of products, have received the
necessary education and training indicating they understand and are capable of
producing the product correctly. Quality assurance or the manufacturing oper-
ation must maintain detailed training records of each employee involved in the
manufacture of pharmaceuticals. The technicians (operators) in every step of the
manufacturing process must sign or initial each step specified in the batch rec-
ord, stating that the operation was done properly in the proper sequence with the
correct ingredients. This affirmation involves two operators or technicians, each
of whom is required to check that the raw materials used are correct, the correct
manufacturing equipment is being used, the cleanliness of the equipment meets
the required standards developed during validation, the weight or amount of
material added at each step is correct, and the components are brought together
in exactly the way as specified in the manufacturing instructions and records.
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Throughout this process, quality assurance monitors and reviews adherence to
the specified instructions. It may be in spot checks of the records for products in
process or it may be sample collection and testing of intermediates created at
various stages in the process. Each of these checks assures that the process is
proceeding correctly. At the conclusion of the manufacturing process, quality
assurance tests the finished product and signs the product release documents to
certify that the product is suitable for sale and use. This process is required each
time a product is produced and includes a review and approval of the records for
each manufacturing cycle or lot of a product. Following completion of the
manufacture of a product, the records used during manufacturing are reviewed
again, step by step, to ensure that nothing was overlooked or skipped. This
means that each notation by the operators in manufacturing is checked to ensure
that the step was completed and done at the proper time and that no problems
were noted or observed during each step in the process. The operators in man-
ufacturing are responsible to note any variation or unusual condition observed as
the product is produced. This could be as simple as a slight variation in the color
of an ingredient, a longer than expected time for a product to mix or react, or a
processing disruption like the loss of agitation or heat at some point in the
process. These deviations are noted and examined by quality assurance to
determine if the variation compromises the product’s quality in any way. Any
deviation noted during manufacture must be reviewed and cleared before a
product is released. This may involve additional testing or other investigatory
steps that prove the product has not changed in any material way from the
product that was approved by the FDA. The deviation records are an important
part of any manufacturing facility’s record-keeping responsibility and must be
maintained and archived. They are subject to review and evaluation by the FDA
in periodic inspections and audits of manufacturing facilities.

Drug Sterility

Drug sterility refers to microbial contamination of products. Beyond the assur-
ance of purity in a drug product, this second and sometimes more difficult aspect
of manufacturing is the ability to control the maintenance of sterility throughout
manufacturing and packaging plant. Medical products are assumed to be sterile
in the package; however, this may not always be possible, or it may be a question
of degree. In 2004, a large portion of the U.S. supply of influenza vaccine was
declared unfit for use because of bacterial contamination. Recalls of other
products with high levels of bacterial contamination have included such common
over-the-counter products as milk of magnesia, baby lotion, and alcohol-free
mouthwash.

The ingredients for any product, including the API, the excipients, and the
packaging, are all potential sources of microbial contamination. The facility that
produces a product is another potential source of microbial contamination. The
people who work in the facility are also possible sources of contamination.
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Drug sterility in a manufacturing operation requires diligent attention to
multiple sources of contamination. The manufacturing equipment, particularly
areas within the equipment that are hard to clean, can be ideal areas for bacteria
to flourish. The raw materials used in the manufacture of a product, particularly
natural products, or materials derived from natural products, are another source
of potential contamination. The atmosphere is another potential contributor of
airborne spores and microorganisms. Liquid and topical products are most sus-
ceptible to contamination, but all forms of pharmaceutical products can be
contaminated if rigorous attention to sterility is not maintained. Manufacturing
operations are required to maintain constant monitoring of the biolevel, the
amount of microbial contamination of raw materials, and the process water used
in their manufacture. The air within a manufacturing suite or manufacturing area
must conform to a set limit regarding contamination. Class 10,000 or class 100
rooms are areas in the facility that are positively pressurized with highly filtered
[HEPA (high efficiency particulate air) filter] air, where the amount and size of
airborne particles are limited to a standard specification. Class 100 areas are
defined as areas where each cubic foot of air must contain less than 100 particles,
0.5 pwm in size or larger. Air filtration, cleanliness, and constant monitoring
achieve this level of environmental control.

Products, particularly liquid products and topical solutions, may contain
preservatives to ensure that sterility is maintained. Some of the common pres-
ervatives are alcohols, phenol, hexachlorophene, benzoic acids, and benzoic
esters. These materials provide both antimicrobial and antifungal properties to
the liquid. The Code of Federal Regulations (CFR) requires the use of preser-
vatives in multidose vaccines [21 CFR 610.15(a)]. Preservatives containing
mercury, a common example being thimerosal (an organomercurial), have been
used since the 1930s, but are now being removed from vaccines. A theoretical
potential for neurotoxicity heightened concern about mercury compounds, and
this potential combined with the requirement for an increasing number of
immunizations of children younger than six years has resulted in a joint effort by
the FDA and the manufacturing companies to eliminate or reduce to trace
amounts thimerosal used in vaccines for children.

The problem of bacterial contamination of packaged liquids has very real
and swift consequences. A good example is the bacillus Pseudomonas aerugi-
nosa; this microbe is extremely virulent and grows in ophthalmic solutions (4).
P. aeruginosa can cause blindness in 24 to 48 hours after introduction into the
eye. This organism typically is introduced into an ophthalmic solution from
droppers or containers that have had contact with infected materials. Multiple
dose packages used by doctors can and do come in contact with these dangerous
organisms, and without preservative an infection can be passed to multiple
patients from one infected package.

In all solutions, the most common bacillus of the Staphylococcus group is a
real threat for contamination of the product during manufacturing. Testing of
products for bacterial contamination is recommended by the FDA and other
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regulatory organizations and often is standard practice for oral, ophthalmic, and
topical solutions and suspensions. Testing in oral solutions most often looks for
Escherichia Coli; in topical preparations, testing is for P. aeruginosa and
Staphylococcus aureus along with some measure of the total bacterial count.
This testing includes periodic environmental testing of the areas used for prep-
aration and packaging of a product and is an important way manufacturers
identify, disinfect, and control potential contamination before it starts.

Sterilization is a step all products undergo to minimize or eliminate potential
contamination. Terminal sterilization, the use of heat, is the most common method
used by drug manufacturers to eliminate bacterial contamination, microbes, and
spores in products. This process, which heats the product to a temperature above
the survival point of any potential bacterial contamination, kills or deactivates any
microbes and renders them harmless. Terminal sterilization cannot be used for all
products. The heat used to kill the microbes in many cases is greater than the
amount of heat energy needed to cause the product to break down or change
chemical composition. When this happens, a number of other forms of energy are
used to inactivate the organisms. These include radiation (both high and low
energy, e.g., electron beam and ultraviolet light) and gas treatments of the product
with ethylene oxide that also kill potentially dangerous organisms.

Another method of sterilization has slowly been gaining favor for liquids.
This method or approach to sterilization is called aseptic filling and packaging or
aseptic packaging. When this method is employed, the drug product and its
package are sterilized separately, often using different methods of sterilization
for the product and the package. The two sterile components are then brought
together in a sterile or aseptic environment. These operations require extremely
clean environments and the use of “clean rooms,” that is, class 100 areas
mentioned earlier. Training of personnel about how to properly gown (dress) and
prepare for entry into an aseptic packaging area along with control of the
clothing used in the area and positive pressure with filtered air inside the room
are a few of the requirements for employing this technique and for this type of
sterilization to be successful. Aseptic packaging relies on process control not
only of equipment but also of people to achieve a repeatable result.

Another sterility concern is contamination of product by pyrogens. There
are many potential pyrogens, but the most important one of concern in drug
production and packaging is endotoxin, a residue from gram-negative bacteria.
Pyrogens can be present in the raw drug product and the water, or they can come
from contamination during processing of the product. A number of different
methods and schemes are employed to eliminate pyrogens in the raw materials or
during processing.

Glass and other components used for packaging parenteral products
undergo depyrogenation before filling. Glass may pick up endotoxins from
organisms in water used to clean the glass at the end of manufacture. Depyr-
ogenation of glass and other components is normally done using a heating cycle
of 250°C for 45 minutes or by heating and washing the materials in a strong



48 Chapter 2

alkali or oxidizing solution. The process of washing surfaces with detergent has
been used in a limited number of cases. Following this preparation procedure for
packaging materials, the sterile unfilled packages are carefully handled and
protected from possible recontamination before filling.

Producing sterile or extremely clean packaging materials and handling of
packaging components to maintain sterility is a key element in achieving sterility
in products. Production of packaging components in conditions similar to those
used to fill or package the drug product is a standard procedure for container
manufacturers. This includes production of packaging in clean rooms or laminar
flow enclosures that provide adequate air filtration and positive pressure around
the manufacturing equipment and the people assembling packaging components.
Constant monitoring of aseptic area environmental conditions and culture testing
of product is also employed to identify, minimize, or eliminate package con-
tamination. Testing of packaging components during the development phase of a
product for bioburden, which is the amount of potential microbial contamination
the package may present to the final sterilization process, is standard procedure.
Sterilization challenges of product and package with known amounts of bio-
logical contamination is another technique used to prove that the sterilization
cycle is capable of eliminating biological contaminants over a wide range of
conditions. Periodic retesting of finished unfilled packages to verify that the
bioburden remains within established limits is also required.

DRUG PHYSIOLOGY

Pharmaceutical physiology is the route the therapeutic product employs to gain
access to the body. Pharmaceutical physiology can be very simple and straightfor-
ward when a product is applied topically to the skin, or it can be much more
involved when the pharmaceutical product is administered parenterally or across
mucous membranes. The primary package for many drugs is in many cases the
vehicle used for drug administration. Prefilled syringes are used to quickly
administer a drug by injection. Prefilled and premeasured packages of drugs,
designed for use with large volume parenterals and pumps, can permit the intro-
duction of multiple drugs in intravenous drips on well-regulated dispensing sched-
ules. Aerosols, atomizers, and other packaging components may be the primary
method of administering a drug through the nasal mucosa or the lungs. Patches or
topical creams and ointments may be used to administer a product through the skin
or vaginal mucosa. Each method of administration has its advantages and dis-
advantages and each needs to be understood in at least an elemental way to
understand the many packaging requirements for pharmaceuticals.

Oral Administration of Drug Products—Gastrointestinal Methods

The first method everyone associates with for taking medicine is swallowing a
tablet or liquid. This is drug administration through the gastrointestinal tract. A
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tablet, capsule, caplet, or liquid is swallowed and then absorbed through the
stomach and intestines. All drugs must be dispersed to the molecular level for
them to be absorbed in the gastrointestinal tract. True solutions of a drug product
are absorbed the fastest, while suspensions, tablets, and capsules take somewhat
longer for the body to break them down to the molecular level. Solid forms of the
pharmaceutical product must first break up and dissolve before bioavailability,
the systemic absorption of the API(s), can begin. A tablet generally uses a
coating of some type to protect the product or to mask a very bad taste. The
coatings, usually sugar based, eliminate the bad taste in a person’s mouth and
generate a slippery surface to make swallowing easier. They also provide a
colored glossy surface that improves the appearance of the tablet. Tablets are
made in a wide variety of shapes (Fig. 5).

The surface of the tablet may be printed after coating to improve identi-
fication of the particular drug product. The coating on the tablet must first
dissolve or disintegrate before the tablet itself can begin to break down into a
powder and finally dissolve in the fluids of the stomach. The rate of this
breakdown can be fast or slow. A tablet that breaks down quickly will permit the
buildup of the API in the bloodstream more quickly than a tablet that is slow to
dissolve.

Another method of administering a solid product to the gastrointestinal
tract is through the use of a soft gelatin capsule. The capsule contains powder or
granules and dissolves quickly in the stomach, permitting fast action of the
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product. Most gel capsules break down quickly and behave like a liquid form of
the product.

Some products require slow dissolution and delayed bioavailability to
extend the time the product remains effective. It may also be required in products
that are designed to be absorbed in the intestines, or if the medication causes
irritation to the stomach. In cases where extended slow release of the drug product
is needed, a layered or specially coated tablet or granules within a capsule may be
part of the formulation to match bioavailability to the patient need.

Liquids, taken orally, display many of the same problems their solid
counterparts exhibit. They may smell or taste bad; syrups or flavorings are used
to mask these unpleasant characteristics. Color is usually added to a liquid product
to improve its appearance and appeal, particularly in products for children.

Direct Injection of Drug Products

Injection is the fastest and most direct way to administer a drug. This makes the
effects and benefits of the drug quickly apparent to the patient. Directly injecting
a drug also eliminates any problems with absorption by the stomach or intestines.
Injection eliminates the need for the patient to swallow, and can be administered
even when the patient is unconscious or unwilling to voluntarily take a drug.
This method also has a number of limitations; for example, suspensions cannot
be injected directly into the bloodstream because they could block capillaries
before dissolution. This method carries with it the greatest degree of risk from
infection and the possible risk of introduction of other contaminants into the
body. Disinfection at the site of the injection and maintenance of antiseptic
conditions with the needles and syringes used for the injection is a must. The
most serious problem with this method of drug delivery is the possibility of
administration of an incorrect dose, and once given, it is almost impossible to
correct.

Injections into fluid-containing portions of the body, e.g., the spinal cavity
and the eye, require the highest degree of purity to avoid potential sensitivity of
nerve tissue to irritants or toxic materials.

Injections may be used to produce a local effect. Injection of anesthetic by a
dentist or a doctor subcutaneously into a muscle produces a localized effect for a
limited time. A number of methods to localize the release of a drug in a specific
tissue are used, and these methods are reviewed during drug and package devel-
opment when a long term level of drug must be maintained systemically either in
the entire body or in a localized area or organ. An example of this would be the
implantation of birth control drugs by injection under the skin for sustained release.
These methods keep the amount of drug applied to the local area relatively constant
and are called electroporation and implantation administrations.

Electroporation is the use of electric shock at a specific location to create
pores on the tissue surface (this can be skin or organ tissue as well as muscle and
connective tissue) that permits direct injection of drug into affected area, as
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opposed to a systemic buildup of the drug through larger doses that slowly
increase the concentration and the effect of the drug throughout the body.

The second administration may be implantation of a device that contains a
measured amount of drug that is released slowly over time in the localized area.
A good example of this method is an implant for the eye, which treats some
forms of macular edema. Circulation to the retina and the eye in general is very
limited, so the amount of drug required to systemically treat a condition is so
high that it cannot be introduced.

Topical Administration of Drugs, Transdermal Methods

An increasingly popular method of introducing drugs, hormones, and chemicals
to a patient is through the use of transdermal patches. This method of admin-
istration is found in nicotine patches for smoking cessation, birth control hor-
mones, painkillers such as fentanyl, nitroglycerin for heart problems, and drugs
to treat common ailments like seasickness or motion sickness.

The transdermal method of application uses dosage of the drug product
contained in a patch. The patch is applied to the skin in an area that is consistent
with the labeling of the product, typically in an area hidden by clothing, and the
drug slowly diffuses through the outer layers of skin and reaches the bloodstream
through the capillaries under the skin’s surface (Fig. 6). This is a systemic
administration of drug through the skin into the circulatory system. By con-
trolling the rate of absorption and diffusion of the drug and its carrier through the
outer layers of skin called the stratum corneum, the drug moves into the body
and bloodstream as it passes through a convoluted path of intercellular channels.
The drug then passes through the epidermis and into the blood circulating in the
skin. The skin plays a very large role in the relative rate of diffusion, permeation,
and absorption. Factors such as skin hydration, skin elasticity, oiliness, age, and
temperature determine the diffusion rate.

Diffusion rates of transdermal drugs can be modified through the use of
solvents like dimethyl sulfoxide and a number of its analogs as well as laur-
ocapram. The use of surfactants is another way to increase permeability of the
drug through the skin. Surfactants make the drug “wetter than water,” and this
characteristic helps carry it through the skin layers quickly and effectively.

Problems with transdermal patches include the patient’s tolerance and
sensitivity to the adhesive used on the patch, particularly if the adhesive contains
any natural latex rubber. The extreme sensitivity of people allergic to these
substances has resulted in all adhesives being made from synthetic materials,
which are not as prone to reaction with the body’s immune system.

Topical Administration

The topical administration of drugs directly to an outbreak of disease is the
simplest and easiest method. Application of ointments to the skin for various
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Figure 6 Cross section of the skin.

rashes, administration of drops to the eyes and nose to treat a number of con-
ditions, application of hormones to the genitalia, and application of materials to
the inside of mouth or on the lips to treat cold sores are examples of topical
administration of drugs. The API is applied directly to the problem area and
interacts with the disease or condition at the location of trouble. Packaging for
products of this type may involve applicators and other mechanical delivery
devices, such as droppers for the eyes or applicators to brush or wipe product
onto the affected area.

Administration of Drugs through Mucus Membranes, Inhalation,
and Nasal Administration

One of the most intriguing methods of drug administration is through the use of
vapors or small particles created by aerosol action. The nose and respiratory
system present a large area for potential introduction of a drug with minimal
tissue thickness intervening between the tissue wall and the circulatory system.
This allows the absorption and permeation of the drug into the body systemically
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at rates that approach those found with direct injection for bioavailability.
Inhalable insulin has been approved to treat both type 1 and type 2 diabetes. For
diabetics, this method is a tremendous improvement over direct injection of
insulin. The new method eliminates the constant pain and irritation experienced
during insulin injection. Drugs to treat asthma are the most visible forms of
common products using the inhalation method for dosing. Other drugs such as
antibiotics, heart medications, and anesthetics are also administered this way.
Following the injection of anesthesia, a controlled mixture of gas and oxygen is
administered to patients to maintain unconsciousness during a surgical procedure
or operation.

The most critical aspect of drug administration to the lungs by inhalation is
control of the particle size of the mist. The particles must be between 1 and 5 pm
in order to be carried by the gas flow (breathing in) to sites in the lungs that
permit interaction and administration through the respiratory system. The
importance of particle size cannot be understated. If the particles are larger than
5 pm, they will not move to administration sites in the lungs and will probably be
caught and moved to the digestive tract by ciliary action. Some percentage of the
particles are going to agglomerate during administration, and this characteristic
must be considered and measured to ensure that the proper dose of product will
be delivered to the active sites within the lungs. The small particle size and the
drug itself are formulated to mitigate ciliotoxicity, which would impair ciliary
activity in the respiratory mucous membrane cilia. The drug must also have
solubility or be treated to have solubility in the fluids, such as the natural sur-
factant in the lungs that permits the movement of the tissue without pain, for
rapid incorporation into the bloodstream. A good example of differences in
solubility is found in epinephrine, where the bitartrate form of the drug is more
quickly absorbed than the hydrochloride or sulfate salts, the bitartrate form being
the most soluble form of the compound.

Packaging examples for this type of drug administration would be inhalers
for asthma patients. The liquid contained in the package is atomized or broken up
into extremely small particles when dispensed. The patient dispenses the product
and breathes simultaneously to move the drug into the lungs.

The other common method of administering drugs through inhalation is the
use of nasal sprays. These can be sprayed or placed in the nose by dropper. The
nose is lined with mucous membranes and this presents a path for the drug to
enter the body. Drugs administered this way may be systemic or topical for
treatment of a condition in the nose and sinus cavities. Antibiotics, antihist-
amines, steroids for allergy, and asthma drugs are examples of various classes of
products that can be administered this way. Flu vaccine, a biologic, designed for
administration through the nose, has also been approved for use. Solutions
prepared for administration through the nose are formulated typically with a pH
of 5.5 to 5.6 to match the natural pH of the nasal environment and have osmotic
properties that maintain normal ciliary activity.
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Rectal Administration of Drugs

The rectum, which refers to a relatively large portion of the lower intestine, is an
excellent area for administering drugs. Veins in the lower portion of the intestine
bypass the liver and permit a drug to be delivered directly into the vena cava.
Drugs administered this way are absorbed in much the same way as drugs
administered through other body cavities. Formulation of suppositories for this
type of administration is quite precise and somewhat tricky. The body temper-
ature of 98.6°F limits the range of melting or dissolution points of a suppository
to 1° or 2° below the body temperature to ensure that the product melts or
dissolves inside the lower intestine and is available for absorption thought the
mucosa. The drug partitions itself between the inside of the rectum and rectal
fluids and across the intestine lining. Bioavailability of the API is criticalalong
with the time taken by the API to move across the membrane and into the
bloodstream. Permeation across the mucosa can be modified or enhanced using
bile salts that increase or decrease the rates of the products that move across the
mucosa. Surfactants and other wetting agents are also effective in improving this
permeation. Anti-inflammatory materials also aid in drug administration and
minimize any reaction of the tissue to the drug. The most common drugs
administered via this route are sedatives, tranquilizers, and analgesics.

Packaging for rectal products may require some unique features. Since
these drugs are designed for dissolution in the body in a very narrow temperature
range, the products must be protected from heat and must not be subjected to
temperatures above their melting points. Temperature indicators on cases or
individual packages can confirm that the product has been protected from heat.
Clear blisters, which permit instant examination of the suppository, are another
method for examination of the product before administration. The physical
changes in appearance of a product that has melted and then resolidified are
sometimes obvious and apparent on visual inspection.

DOSAGE FORMS OF DRUGS

Drug dosage forms can be solid, liquid, or gaseous. Each of these physical states
may encompass a wide variety of manufacturing processes and require a wide
variety of packaging. A general overview is provided to introduce the reader to
the majority of forms used. A few examples of each physical state include true
solutions and suspensions for liquids, powders or granules for solids, and oint-
ments that may be emulsions, gels, or pastes. Although some anesthetics are true
gases, the majority of gaseous dosage forms are really the dispersion of a solid or
a liquid by an aerosol, where the gas carries the aerosol droplet to the intended
patient’s mucosal interface.

Dosage forms for each physical state of a drug product also vary on the
basis of method or site of administration. Here again the physiology of the
administration site must be matched to the physical characteristics of the drug
product for repeatable control of the dosage of the drug’s APIL
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Dosage forms and preparations do not always fit into nice, neat, and easily
divided categories. Powders, a solid form, can be tablets, capsules, suspensions,
and emulsions to name a few possible physical states. They can also be found in
solid, liquid, and aerosol dosage forms. The wide range of possibilities provides
the patient with multiple ways of ingesting a drug (systemic administration) or
applying a drug to a local problem (topical application) with a large number of
variants between these two extremes. As each dosage form is considered, the
form and the product being delivered present unique packaging problems. The
difficulty in packaging many drugs lies in the formulation of the product to
interact with various parts of the body. The modifications to diffusion rates,
absorption, adsorption, and permeation present problems in choosing primary
package materials, manufacturing and packaging methods, along with protection
of the product through the distribution chain.

As stated in the beginning of this introduction, products can be solid,
liquid, or gas. This basic classification will be carried through the separation of
the dosage forms but will surprise most with the rich variation and crossovers of
different forms from one physical state to another.

The most common form of administration and the most common dosage
form is a tablet or its variation such as a capsule, caplet, or powder. Liquids may
be in the form of true solutions (Newtonian), suspensions, or emulsions. Gases
will be identified, but the majority of the discussion for this physical form will
focus on aerosols. Each of these forms will be discussed under the broad physical
categories of solid, liquid, or gas. Packaging naturally flows from these dis-
tinctions and will be discussed as part of the overall discussion of the dosage
form.

Solids

Solids comprise a wide variety of materials. They can be powders, granules,
microencapsulated particles, and agglomerated powders (this refers to how a par-
ticle is increased in size). An even longer list of other solid and semisolid forms
includes tablets, caplets, pellets, ointments, lozenges, creams, or some form of
capsule containing the solid, emulsified, gelled, or suspended forms of the drug to
name just a few. Suppositories and chewable tablets round off this list.

Powders

Powders are mixtures of very fine (small particle size), dry, chemicals and drugs
(APIs) intended for oral or topical use. They are the starting materials for the
manufacture of tablets and other dosage forms. One major advantage of a
powder over a compressed dosage form is its extremely large surface area. This
physical property permits the powder to dissolve, permeate, or disperse much
more quickly than a compacted tablet. If a drug cannot be compressed into a
form small enough to be easily swallowed, the powder form may be mixed with
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a beverage or food to make drug administration easy for the patient. Older
patients and children may experience difficulty in trying to swallow tablets or
capsules; the use of powder form is a viable alternative to eliminate the problem
and to encourage use and compliance.

Powders were one of the first forms of drug preparation and date to very
early humans. Roots, herbs, naturally occurring salts (e.g., sulfur compounds),
and other naturally occurring substances were ground together to produce
medicinal powders by a shaman or witchdoctor. By the middle ages, image of
the person preparing these mixtures had changed to that of an alchemist with his
or her mortar and pestle—grinding materials. This slow change from antiquity to
the modern doctor is an example of how medicinal powders always have been
recognized as effective treatments of problems and how they have been accepted
and used. Oral powders or granules are still used today, and in some cultures in
the Far East, are considered the standard preparations for dispensing a remedy. If
you ever have the chance to visit a Chinese pharmacy, take the time and make it
a point to stop and look around. Traditional pharmacies in Hong Kong, Taiwan,
and Mainland China contain a wide variety of very unusual items that are ground
together to produce a remedy, many times while you watch.

Powders that contain relatively nonpotent drugs may be provided in bulk
containers. These products purchased over the counter include talcum, baby
powders, tooth powders, laxatives, douche powders, dietary supplements, and
dusting powders. Those that require a measured dose use the cap as the mea-
suring device or a common household item like a teaspoon. Many products are
not measured and are applied directly to the skin.

Powder manufacture and preparation. Producing a solid API normally starts
with producing a powder form of the chemical. It includes the production in
powder form of all the excipient materials used to dilute and adjust the properties
of the product. The finished blend of powdered materials may be used in powder
form but most often is compressed into tablets. Powders are prepared in a
controlled manufacturing environment that bears little resemblance to the mental
picture of an alchemist or pharmacist grinding a concoction with a mortar and
pestle.

Powders may be the result of a precipitation reaction or other chemical
reaction that produces a solid after extraction from a solvent, or they may be
derived from naturally occurring products that are already solids. The natural
products are ground to very fine consistency and then separated and purified to
extract the API. Both methods produce coarse or caked solid product of
aggregated ingredients that must be separated and reduced to particle size.
Separation of materials and contaminants relies primarily on physical differences
of the materials to effect the separation. Solubility, precipitation under controlled
conditions, solvent extraction, and distillation are few examples of the physical
processes used for material separation and as part of the isolation process to
obtain the key active ingredient.
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Separation of a powder into its constituent components is accomplished in
a number of ways. The raw powder may be solubilized and a chemical reaction
to precipitate either the wanted or unwanted ingredients then employed. The
wanted ingredient can then be collected as the precipitate or extracted from
the solvent. This works best when the contaminants remain in solution, while the
valuable drug product precipitates at a specific temperature or is precipitated
from the solution by changing it (chemical reaction) into an insoluble salt. A
variation of this method can be simple melting of the raw product and selective
separation at different temperatures to extract the active drug. This method is
limited because the API may change because of heat into an unwanted substance
or an unwanted form of the molecule.

Another variation may be the use of solvent extraction. Here, some or all
of the wanted or unwanted materials may be soluble in an organic solvent, while
the other materials in the mixture may be soluble in water. By dissolving the
material in water/solvent combinations, the wanted and unwanted materials can
be separated.

Another form of separation used with solubilized powders is spray drying.
The solid is already free from unwanted contaminants or other ingredients but is
in solution, much like salt or sugar dissolved in water. Spray drying entails
taking a saturated solution of the product and atomizing or spraying the product
into a vessel with controlled temperature and humidity to remove the solvent.
The wanted product falls out of the solution much like salt or sugar would
emerge when a saturated solution of either dries. If the process and the material
have the right physical properties, a very uniform powder may be produced with
this method, eliminating the mechanical grinding of coarse material and the
problems associated with separation or classification of different-sized particles.

Once the coarse product is purified and isolated from contaminants, it must
go through a process that reduces its particle size and renders the final product
uniform in reactivity or bioavailability. Common methods used to reduce a
drug’s particle size include roller mills, ball mills, and hammer mills (Fig. 7). All
these mechanical methods of physical breakdown create heat, and this heat may
limit mechanical breakdown for some materials that are reactive or have low-
melting points.

The resulting powder from one of these mechanical methods of crushing or
pulverizing the raw product are then introduced into some type of cyclone or
fluid bed that permits separation and classification of the powder by particle size.

These methods work best with powders that are somewhat crystalline and
can be reduced to very small particles. Powders that are spray dried for sepa-
ration are already in a fine form, which permits introduction into a cyclone or
fluidized bed for separation and classification by particle size.

Fibrous powder substances do not yield to this type of processing and
require other methods of separation and preparation. These substances contain
connective material that does not break down easily in the normal methods used
to prepare a powder.
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Figure 7 Particle size reduction methods for granulation.

Extremely hard powder substances present a different problem. They may
be too hard and cause abrasion or mechanical breakdown of the grinding
equipment.

Following the separation and classification of the various particle sizes of
both the API and the excipient materials used to prepare a drug; the dry sub-
stances are mixed in exact proportions to begin the process of producing a
finished drug. The API along with its powdered excipients is dry blended using a
number of mechanical methods. Rotating drums with screws and baffles on the
inside surface is one way to blend the powders. V blenders, mixers with two
cones joined together to form a V, are other common pieces of equipments used
to dry blend powders. The arms of this mixer are rotated across the axis of the V,
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permitting material to fall to either side of the V on each rotation. The random
falling on each side of the V affects mixing. One surprise with this type of
mixing is the possibility that the materials can reach a point where they begin to
fall back into the unmixed constituents. Another method of blending powders is
a fluidized bed with some type of mixing apparatus. Here the powder is pushed
into a cloud through the use of air, and the materials mix in the dry dust cloud
much the same way materials mix in a liquid solution. The blended powder is
then ready for dispensing as is or ready to be tableted.

Lyophilized powders—sterile powders designed for reconstitution and
injection. Some powders are supplied for parenteral administration (direct
injection). These products are made of materials that are not stable in solution
over extended periods of time. The extended period of time may be minutes or
hours. Many drugs and biologics will not tolerate the preparation methods dis-
cussed above for powder preparation. These powder materials are converted
from liquids to powders using a process called lyophilization, or freeze drying, as
it is commonly known. This process removes the solvents used in drug prepa-
ration by evaporation at ambient or lower temperatures while under vacuum.
This dries the product and prepares the resultant powder for packaging in the
same step. Lyophilization in almost every case takes place in a vial, or the final
packaging container. The vial, containing the dry powder, is sealed with an
elastomer and ring in the same way a solution would be sealed in a vial. The
doctor or health care professional reconstitutes the product with solvent, sterile
water, or an isotonic solution immediately before injection. Products of this type
have limited time of useful activity after reconstitution, and the labeling on the
container is very specific in this regard. Some products may be reconstituted and
used in multiple dose applications and some may even be stable for short periods
(1 or 2 days) under refrigerated conditions. Other products may only retain
useful activity for minutes or a few hours after being solubilized for injection.
Heparin, an anticoagulant, is an example of a widely used lyophilized product.

Tablets

Tablets are probably the most common form of drug delivery. A tablet contains
an API with or without diluents and other materials to make a solid dosage form
that can be swallowed (Fig. 5). Tablets are also prepared for administration in the
buccal (cheek) pouch (subcutaneously) and under the tongue (sublingually).
Nitroglycerin tablets are a good example of a tablet placed under the tongue for
administration. Effervescent tablets are another variation of tableted drugs.

There are two types of tablets, compressed and molded, which identify the
manufacturing process used for their preparation.

Compressed tablets are made using three different methods of preparation:
wet granulation, dry granulation, and direct compression. Each of these methods
first prepares the materials used in the tablet into a form that is uniform and
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Figure 8 Diagram of tablet making by compression.

flows freely in its dry state. Both wet and dry granulations improve powder flow
and compressibility into tablets. The majority of tablets are made by compres-
sion. A hardened steel punch and die compress the granulated powder along with
excipients, diluents, lubricants, and other materials into a hard solid dosage form
(Fig. 8). Tablets can be in the shape of capsules and carry the name caplets.
Extremely large tablets called boluses are used in veterinary applications.

Tablets come in a wide variety of shapes and sizes. A chart of various
tablet shapes displaying the wide variety and different types of tablets commonly
found is shown in Figure 5.

Tablets also incorporate color materials or derive color from the API or
other ingredients used in their manufacture. They can come in a wide variety of
colors and may be printed on one or both sides. The colors and the markings are
used for identification. Tablets may also be impressed with a name, a number, or
another designation that permits easy identification.
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Compressed tablets. Majority of tablets made use of a compression process
(Fig. 8). The API is mixed with a diluent, lubricant, binder, and, possibly,
disintegrating agent and compressed under extremely high pressure to form the
tablet. A diluent is added when the amount of active ingredient is very small or if
the active ingredient is difficult to compress into tablet form. Diluents used in
compressed tablets include well-known materials such as lactose, starch,
microcrystalline cellulose, and dibasic calcium phosphate along with a variety of
other lesser-known materials. In tablets containing a small amount of API, the
tableting process and the performance of the tablet to administer the drug are
determined by a diluent, sometimes called filler. Hydrophobic APIs present a
bioavailability problem in tablet form. The low water solubility creates a
problem that is overcome through the use of water-soluble solid diluents. These
break down in the stomach or the intestines, permitting the API to react with acid
or base conditions in the lining of either organ and then be absorbed.

Binders, the materials that hold tablets together, are other ingredients in
their formulation. These materials include acacia, gelatin, sucrose, methylcellulose,
carboxymethylcellulose, hydrolyzed starch pastes, and povidone. These materials
add to the cohesiveness found in the diluent. Binders may be added dry, but they
are much more effective when added in solution before granulation. When tablets
are produced by direct compression of the ingredients without a granulation step,
microcrystalline cellulose is the binder most often used.

Lubricants are another extremely important class of materials used in the
formulation of a tablet. Lubricants make it possible for a tablet to be ejected from
a tableting press and reduce the friction of the dry powder as it flows into the dies
and undergoes compression. The material also prevents the adherence of the
tablet to the dies and punches. Typical materials used as lubricants include talc,
stearic acid, vegetable oils, and metallic stearates. Most lubricants are hydro-
phobic and may slow the rate of a tablet’s dissolution and disintegration.
Because of this unwanted property, lubricants are used sparingly, and at times,
the minimum amount used may create manufacturing problems. The minimum
lubricant level creates problems of excessive wear of die and punch sets, or of
broken tablets during tablet ejection from the die and punch. Two liquid mate-
rials, lauryl sulfate and polyethylene glycol, which are more miscible, have been
tried to overcome this problem. Neither of these materials possesses the lubri-
cating properties found in more hydrophobic ingredients.

Glidants are other types of materials used in tablet formulation. These
materials improve powder flow or fluidity and make the movement of powder
from blending through the tableting process much easier. Silicas, primarily
colloidal pyrogenic silicas, are most often used to provide or improve this
physical characteristic of a formulated or blended powder mixture.

Disintegrating agents are also used in tablet formulation. These agents
speed the breakup of a tablet, making the API available quickly after ingestion.
Modified starches and cellulose are the two most common disintegrating agents
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used in tablets. Other materials used include microcrystalline cellulose (this is
used for other tablet properties noted above), alginic acid, and cross-linked
povidone. The effectiveness of any of these materials relies on a number of
properties, including its concentration, how it is added to the tablet powder, and
the degree of compression or compaction of the tablet.

A lesser-used method for tablet disintegration is through the use of
effervescent materials. The effect of placing these tablets in a liquid activates a
chemical reaction and speeds the breakup of the tablet.

Color may be added to a tablet formulation for identification and for visual
appeal or aesthetic value. The FDA has approved a number of FD&C and D&C
dyes for this use. These dyes are typically absorbed into insoluble aluminum
hydroxide and are called lakes when in this form.

Finally, sweeteners may be added to a formulation to counteract an
unpleasant taste. This problem is normally overcome by coating the tablet.

The manufacturing process for tablets follows three paths: wet granulation,
dry granulation, and direct compression. There are number of steps in each of
these operations; these steps comprise primarily of mixing of the API and other
ingredients followed by compression into a tablet. Direct compression is only used
when the powder form of the drug, obtained by spray drying or other means, has
good physical attributes that permit direct compression into a tablet (Fig. 8).

The first manufacturing operation is mixing the ingredients in a step
generally referred to as wet granulation or dry granulation. These steps are
required to improve the flow of the powder mixture and to improve the com-
pressibility of the powder for making tablets.

The first method, wet granulation, starts with the mixing of the drug with
all its additives in large blenders, various types of stirred mixers, and fluidized
beds. A water solution of the tablet binder is added to the completed mixture and
produces a wet agglomerate of the materials suitable for processing. This wet
mass is then sieved or screened to improve consistency and dried with warm air
in a fluidized bed or an oven before breaking the mixture into granules for tablet
processing. The dry mixture is again screened before the tableting operation. For
large volume products, a screw extruder or continuous mixer can be used before
the drying step of the granulation.

Dry granulation is used when the API and the other ingredients in the
mixture have inherent binding properties. This process is used primarily with
drugs that are sensitive to moisture. The mixture of powders is compressed into
large and usually poorly formed solids. The resulting solid mixture is then milled
or broken down into granules and screened to the desired particle size for tab-
leting (Fig. 7). Dry granulation eliminates both heat and moisture during proc-
essing. Dry granulations are sometimes produced by passing the ingredients
through high-pressure rollers to produce thin cakes of product that can then be
milled and screened to the correct granule size. In both operations, the milled and
screened powder will be under tight moisture control to minimize the buildup of
static electricity and to maximize the tableting properties.
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Excipients are available that eliminate the need for granulation. Directly
compressible excipients include sucrose, dextrose, and cellulose specially pre-
pared to enhance their properties of fluidity and compressibility. The use of these
excipients permits direct compression of materials, eliminating all the problems of
wet and dry granulation. The major problem of using this method is the sensitivity
of the excipients and the API to minor physical changes such as humidity, age,
heat, and other factors that can alter their fluidity and ability to be compressed. This
sensitivity may cause major problems in the manufacture of tablets.

Regardless of preparation method, the granulation then goes through the
same basic process of producing a finished tablet (Fig. 8). A cavity usually
cylindrical in shape and open to accept a punch at both ends provides the
forming chamber for a tablet. The lower punch is inserted into the cylinder and
the cylinder is filled with a measured amount of the granulation. Any excess
granulation (powder) is scraped off in this filling step of the die. The second
punch is then driven into the cylinder, and the two punches compact the gran-
ulation under high pressure to achieve the desired compression into a physically
robust tablet. This is important because the tablets exit the machine and are
collected in bulk containers for additional processing or packaging. The punches
used to produce the tablet may have raised areas that produce scoring lines or
identifying marks on the compressed tablet. Following compression, one of the
punches is withdrawn, and the other punch moves through the cylinder to eject
the tablet from the die. Multilayered tablets can be produced by adding multiple
granulations to the die cavity with multiple compaction steps between each
addition followed by a final compression or compaction. This can also be done
by placing a partially compressed tablet into a second tableting machine, adding
the additional ingredients and putting the new material and tablet through a
second compression step.

Molded tablets. Molded tablets are made in an entirely different way from
compressed tablets (Fig. 9). In this manufacturing method, the active ingredients
and diluents are mixed with powders or solutions of lactose and/or powdered
sucrose. The powders are usually moistened with a water/alcohol mixture where,
in most cases, the amount of alcohol is quite high. The amount of alcohol is
determined by the solubility of the ingredients and the desired hardness of the
finished tablet. This mixture is then placed into a mold and allowed to dry or is
force dried. Drying may take place in the mold or the solution may be more gel-
like and retain the basic molded shape; in this case, the tablet may be allowed to
dry outside the mold. Molded tablets are quite friable, requiring care in pack-
aging and dispensing to prevent their breakup.

Tablet coating. Tablets are coated for a number of reasons. The coatings can
protect the ingredients from moisture, oxygen, or light. They mask undesirable
odors and tastes, improve the ability of a person to swallow the tablet, and may
improve the appearance of the tablet.
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Figure 9 Molding tablets.

Coatings for tablets are made from sugar solutions that typically contain
starch, calcium carbonate, talc, and titanium dioxide suspended in a gelatin or
acacia. The coating will contain any colorant used in the process. In some cases,
water-protective coatings made from shellac or cellulose acetate phthalate are
applied using nonaqueous solvents before the sugarcoating.

Tablets are placed in a revolving vessel. The vessel may be called drum or
pan. Pan coaters are vessels shaped like a large round ball with a wide opening
tilted at a high angle (Fig. 10). The vessel is rotated on a very high vertical axis.

Drum coaters use the same tumbling motion found in pan coaters but are
more horizontal in setup (Fig. 11) Drum coaters or pan coaters equipped with
spray nozzles are used for film coating of tablets. This is when the coating is
sprayed directly on the tablets exposed by tumbling, and multiple spray appli-
cations slowly build up the tablet coating.

Coating materials such as shellac, which will not solubilize the tablets, are
ladled or poured directly onto the tablets (typically in a pan coater) and then
dispersed by the mixing and tumbling action of the pan or drum. This is the first
coating step.
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Figure 10 Pan coater for tablets.

Subsequent coating of the tablet with other coating materials or a sugar
solution then follows. This solution/suspension of coating materials is sprayed
into the center of the vessel onto the surface of tablets exposed by tumbling. As
the tablets tumble, they are slowly coated with multiple injections (sprays) of the
coating solution that adheres directly to or transfers from coated tablets to
uncoated tablets. Drying air is constantly moving across the tablets through
either the side openings in the drum or the pan. Air may also be introduced
through an opening in the turning vessel and exhausted through perforations in
the pan or drum. The multiple repetitions of solution in the spraying and drying
process permit the coating to slowly build up on the outer surface of all tablets in
the drum or pan.

In a fluidized bed-coating operation, the air movement is designed to
agitate the tablets with drying air; keeping them somewhat suspended keeps the
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Figure 11 Drum coater for tablets.

tablets moving upward toward the core of the cylinder and then outward to the
walls of the vessel (Fig. 12). Here again the coating solution is slowly sprayed in
multiple cycles to slowly grow into a uniform coating.

Coated tablets may be polished and further coated with wax or shellac to
improve appearance. Dilute solutions of wax in solvent or shellac in solvent are
used and do not disturb the sugarcoating.

Sugarcoatings on tablets have a number of disadvantages. These include
the length of time needed for the process, the increased bulk they add to the
tablet, the need to waterproof the tablet, and the increased dissolution time
caused by waterproofing the tablet.

Sugarcoated tablets may receive printed markings for identification. Fol-
lowing the coating steps the tablets may pass through a true offset printer
designed to mark the tablet. They can be printed on one or both sides of the
tablet. This is done if markings are not put into the tablet during compression or
if the thickness of coating would fill the impressed markings.

A second type of coating, called a film coating, may also be applied to tablets
as an alternative to sugarcoatings. Film coatings are made from materials such as
hydroxypropyl methylcellulose, methylcellulose, or hydroxypropylcellulose mixed
with propylene glycols and cellulose acetate phthalate in both aqueous and non-
aqueous solvents. This material is sprayed on the surface of the tablet and forms a
thin protective film in a much shorter time than the pan and drum methods
described for sugarcoatings. The thin film means the tablet maintains its original
shape and any markings or grooves pressed into the tablet in compression remain
visible.

Delayed release tablets. Tablets may be coated with materials usually called
enteric coatings to stop tablet dissolution or release in the stomach. Drugs that
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Figure 12 Fluidized bed tablet coating.

are inactivated or destroyed by stomach acids or drugs that may damage or
irritate the stomach mucosa receive this treatment to protect them in the upper
part of the gastrointestinal system and permit them to disintegrate in the intes-
tines. A delayed release of this type solves the stomach administration problem
but also delays the time from ingestion to activation. Tablets like this may take
an hour or more before bioavailability of the API to the body begins.

Extended release tablets. Extended release tablets are designed to dissolve or
make the API available to the patient in a controlled way over an extended
period of time. Many terms are used to describe this type of product, including
“prolonged action” or “sustained release.” Here the granules contained in a tablet
have been coated in the powder preparation step to dissolve at different intervals
and with exposure to different gastrointestinal chemicals. Initially, a measured
dose of the drug is made available to the body by treating some of the API to
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dissolve in the stomach and then this level or concentration of drug is maintained
over an extended period of time by additional API prepared to dissolve in the
intestines. As the various coatings slowly dissolve, they replenish the API that is
being metabolized. This type of action is very beneficial in products for colds,
especially when one wants relief from symptoms over an extended period of
time, for example, to sleep overnight.

Chewable tablets. Chewable tablets are produced by compression. The major
characteristic of these tablets is that they are designed to be chewed and tasted.
Antacids, children’s vitamins, and some antibiotics are manufactured for this
type of administration. Chewable vitamins have been promoted and are very
popular with children and may come in shapes resembling cartoon characters or
other easily recognized toys. The tablet is designed to provide a pleasant taste
and odor in the mouth, with minimal residue that can be easily swallowed.
Manitol, sorbitol, and sucrose are the standard binders or fillers used in for-
mulating these tablets along with various colors and flavors that enhance the
appearance and taste of the tablet.

Lozenges. Lozenges are another type of tablet designed for slow dissolution or
slow disintegration in the oral cavity (mouth). They contain one or more active
ingredients formulated in a sweetened and colored base similar to that used in
chewable tablets. They are also prepared using a gelatin base that is molded in
the shape of the lozenge. Molded lozenges are sometimes referred to as pastilles,
and compressed lozenges may be called troches. Normally, a lozenge treats a local
problem such as an infection in the mouth or throat, but in some cases, contains
active ingredients that are absorbed and provide a systemic effect as well.

Capsules. Capsules are a solid dosage form similar to tablets in that they
present the patient with single or multiple units that contain all the pharma-
ceutical products necessary for therapy. They differ significantly from tablets in
their manufacture and assembly. Capsules begin with powders or granules that
are loaded into a hard or soft shell package made from gelatin that is soluble in
the body. The capsule protects the product from a number of potential degrading
exposures and protects the patient from bad taste, odor, or possible tissue irri-
tation in some parts of the gastric system. Capsules come in a wide range of sizes
(Fig. 13), starting with the smallest size listed or called size or number 4 (four)
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Figure 13 Standard capsule size comparison.
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and increasing to the largest size listed as size 000 (triple zero). A double zero
(size 00) is the largest size acceptable to human patients.

Hard capsules are made as two separate halves in a unique manufacturing
process. The empty capsules are transported to the final filling location and are
filled using a number of different methods to separate and fill and to reunite two
separate halves of the capsule after filling. Soft capsules are made, filled, and
sealed on the same equipment and usually contain a liquid or semiliquid interior
surrounded by a hardened gelatin. Soft capsules or “soft gel” (the name has a
number of phonetic variations) have become very popular because they deliver
drug products to the body faster than sugarcoated tablets. Many consumers report
that they are easier to swallow than hard capsules or tablets.

Hard capsules. Hard shell capsules are made from gelatins with very high gel
strength (Fig. 14). The gel, after drying, is hard to the touch while still being
somewhat pliable if squeezed. The gel is not brittle and can resist some physical
abuse. The hard gelatin used to make these capsules is derived from pork skin,
bone, or, in some cases, starch. The most common gelatins are manufactured
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Figure 14 Making of hard gelatin capsules.
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from acid processing of pork skins. Bone gelatins are derived from alkaline
processing. Both bone- and pork-derived gelatins are blended to attain the
desired clarity and toughness, properties needed for manufacturing the capsule
shell, and for withstanding the mechanical forces generated in filling and sealing
the capsules. Starch materials may also be used to produce a suitable hard
capsule.

Hard shell capsules may contain colorants (approved FDA dyes and lakes),
titanium dioxide, iron oxide, or some opaquing agents. Sucrose may be added as
a hardening agent, and preservatives may be added to stabilize the capsule or to
protect the intended product to be filled in the capsule. Gelatin capsules in the
finished state contain 10% to 15% water. This level of moisture is obtained by
precise control of the environmental conditions and the temperatures used in the
gelatin bath and the temperature of the pin inserted in the gelatin. Variations in
temperature, concentration of the gel, and humidity result in varying thicknesses
of the gel capsule. The gel capsule body or cap is stripped or removed from the
dipping pin and trimmed to size. The two haves of a capsule are produced in two
separate operations. After trimming, the two halves are mated for storage and
shipment. Control of manufacturing conditions is crucial for maintaining the
dimensional tolerances needed for a smooth and tight fit of the two halves after
initial manufacture through final filling. The dipping process is used with pork-
and bone-derived gelatins.

Starch capsules use injection molding for their method of manufacture.
Two separate dies are needed for caps and bodies. A mixture of starch and water
is forced into a mold under extremely high pressure and partially set. The capsule
then continues drying until the correct physical properties are obtained.

All capsules must be protected in storage until they are filled. Too much
moisture can make the gel capsule soft or pliable and may cause the two halves
to stick together. Too little moisture and the capsule parts will become brittle and
be susceptible to breakage. The two capsule halves are normally fitted together
for storage and shipment by the capsule manufacturer. Capsules may be filled
with powders, beads, or granules. In some cases, they are filled with tablets (e.g.,
diltiazem a hypertensive and heart calcium channel blocker) or pellets that are
coated to achieve enteric or extended release properties. Nonpareils, inert sugar
beads, are often used as a starting point for coating with APIs, and in some cases,
additional coatings to modify the delivery characteristics of the dosage and
achieve the desired presentation of the drug to the patient. Semisolids or liquids
may be filled in a capsule, and when this is done, a sealing technique is used to
prevent leakage.

Hard gelatin capsules usually consist of two telescoping halves or body
pieces. Generally, indentations or grooves are molded into the two halves to
provide a positive sealing or locking feature when the two halves are mechan-
ically mated after filling.

The two halves may be joined and fused using a variety of thermal tech-
niques to seal the capsule, or they may be sealed ultrasonically (Fig. 15).
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Figure 15 Examples of sealed capsules with different methods of sealing.

Banding is another method used to seal capsules. A layer of gelatin (it can be
more than one) is applied over the seam between the cap and body. Liquid fusion
is another way capsules may be sealed. In this method, filled capsules are wetted
with a water/alcohol mixture that penetrates the area of the seam; when the
capsule is dried, the two halves are fused together. Starch capsules are most often
fusion sealed with this method. Sealing of capsules prevents tampering with the
contents and prevents separation during shipping and handling of the capsules.

Filling of hard gelatin capsules is accomplished by first separating the
body and cap of the capsule. The two halves of the capsule body are supplied in
an assembled orientation and are separately filled and reassembled in the pro-
cess. The drug with its excipients or diluents may be filled as a powder but more
modern high-speed capsule fillers form a small plug by compression of the
material being filled and insert it into the capsule halves. The powders used in
filling capsules are generally formulated with the same diluents, glidants,
lubricants, and other materials that modify the powder or granules producing the
same attributes needed for wet and dry granulations for tablets. The powders or
granules must exhibit many of the same physical properties needed for control
through transport, filling, and sealing in the manufacturing equipment. In some
cases, when the density of the formulation is very low, an additional granulation
step may be required to increase the density of the granules or powder.

Hard starch capsule shells are supplied as separate halves. The two sepa-
rate halves are fed into separate sections of the filling machine, oriented during
filling, and then joined after being filled with the powder or granule.

Compaction or compression of the drug material inside the capsule is
critical to maintaining proper dosing and dispensing requirements. The amount
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of compression in forming the plug may cause problems with drug delivery, and
if the ingredients are hydrophobic, a wetting agent or some other ingredient that
enhances solubility or enhances the breakup of the granule or powder and pro-
motes the dissolution of the hydrophobic ingredient into the body may be nec-
essary.

Soft shell capsules. (Soft Gels™ or Gel Caps™ are examples of multiple
trademarked designations for the capsules.)

Soft shell capsules have emerged as a preferred form of administration for
many products. This dosage form has the advantage of presenting the drug in
liquid form for faster uptake and effect. The liquid centers are easier to produce
and make uniform when compared with the tumbling action required to mix dry
powders. Liquids are easier to measure or meter into the capsule than powders or
granules. The liquids present a drug that is already in solution or suspension and
thus much more available for uptake by the body. The uptake is enhanced
because the drug is already dissolved or suspended in a hydrophilic liquid. Soft
shell capsules have become a very popular form of dosage and have supplanted
caplets and tablets in popularity for a number of over-the-counter products. Part
of this preference is derived from improved speed and absorption of the product
contained in a soft shell capsule; liquids are typically absorbed faster than solids.
Although most soft shell capsules contain a liquid, they can also be filled with a
paste, powder, or even a tablet.

Soft shell capsules are made from gelatin, the same material used for hard
shell capsules, but with additional polyol plasticizers such as sorbitol or glycerin
(Fig. 16). The shell of the capsule is much thicker than the hard shell capsule,
and the amount of softness or hardness of the shell is determined by the ratio of
plasticizers to gelatin. The shell of the capsule may contain dyes, titanium
dioxide, opacifiers, pigments, and preservatives. The soft shell capsule can be
printed or impressed with identification for the product, manufacturer, or product
strength. The soft gel capsule shell normally contains between 6% and 13%
water in its composition. Flavors are sometimes added to a soft shell capsule,
especially if the dosage is designed to be chewed and swallowed.

Soft shell capsules are filled with liquids that do not attack the gelatin shell
and prevent interaction of the drug with the capsule shell. The original choice of
liquid for dissolution or suspension of active ingredients in a soft shell capsule
was a vegetable oil, usually in a partially polymerized form of the oil called
oligomer, a low level of molecular-weight polymer, permitting it to remain a
liquid. These oils have been slowly replaced by low-molecular-weight poly-
ethylene glycols that do not exhibit as many bioavailability problems as the
natural oligomers. The materials are miscible in water but are nonaqueous, so
they do not interact with the gelatin shell.

Soft shell capsules are produced on equipment (1) that combines the
gelatin shell and the liquid interior in a continuous process (Fig. 16). A rotary die
process is most often used to produce this type of capsule. The soft gelatin,
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Figure 16 Diagram of a rotary die process for forming soft shell capsules.

usually in the form of semisolid sheets, is brought together as two separate
pieces. These pieces form the two halves of the capsule shell. As the two sheets
of material come together, liquid is dispensed between them, and the sandwich
immediately goes through two separate dies that form the capsules and seal the
halves of the capsule together. The gelatin material that is not part of the capsule
is recycled in the process after the completed capsules are cut or pushed from the
gelatin sheet.

Other processes that may be used for forming soft shell capsules include
reciprocating dies or plates. The gelatin film may be produced in a separate
process and stored; however, normal procedure is to produce the gelatin and cast
a gelatin film in the process immediately before the capsule-forming step. The
gelatin formation into a sheet is much like a plastic extrusion process. The
semisolid liquid flows through a metering die set to a specific thickness and then
into a drum that cools and solidifies the gelatin material. Control of temperature,
moisture, and the types of plasticizers used all contribute to the strength and
properties of the gelatin sheets fed into the capsule process. The gelatin sheet
may be lubricated with mineral oil to move easily over the various machine
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surfaces. When this is done, the oil must be removed after capsule formation
with a wash by organic solvent. Following formation, the capsules move through
a drying process that sets the final amount of moisture in the gelatin between the
6% and 13% levels mentioned earlier.

Gelatin is an excellent oxygen barrier and when combined with pigments
or dyes can also provide protection from light. Soft shell capsules make liquid
medications easily portable and provide a more accurate controlled dosage that
may not be possible with a quantity of liquid measured by a separate device
when administered by the patient. Gelatin breaks down quickly in the stomach,
and the liquid presentation of the drug provides fast therapeutic action when
compared with the amount of time it takes to dissolve a sugarcoating from a
tablet and the additional time it takes for the tablet ingredients to break up and
dissolve in the gastric fluids.

The typical problems associated with soft shell capsules include embrit-
tlement if the shell of the capsule dries out or actual dissolution of the shell if it is
stored in high heat and high-humidity conditions for extended periods of time.
The drug product carried in the liquid center of the capsule must be soluble in a
material that does not attack the capsule shell. As mentioned earlier, vegetable
oils and now polyethylene glycols are used for this purpose. The drug product
itself may be hydroscopic and draw moisture from the capsule shell even when it
is contained in a nonpolar liquid. This hydroscopic nature of the drug can pull
moisture from the shell of the capsule and cause the capsule shell to become
brittle. The availability of moisture from the capsule shell could also cause
changes to occur in the drug molecule. This problem is normally addressed by
microencapsulation or by using a form of the drug that is not soluble in water.

Non-oral soft shell capsules. Soft shell capsules are a unique dosage form
when used in nonoral application. Pediatric and geriatric patients that have
trouble swallowing or cannot swallow a capsule may receive a drug rectally
using the soft shell form. The gelatin shell dissolves and the drug is absorbed in
the same way as a suppository. This method of administration is useful in
patients with gastrointestinal problems that would be compounded by the
introduction of the drug by that delivery route.

Implants or pellets. Another form of solid drug product is an implant. These
pellets or small cylinder-shaped rods of the drug are designed for subcutaneous
implantation surgically under the skin. Their advantage is that a measured
release of the drug is provided over an extended period of time. The pellets or
cylinders are sterile forms of the drug that may or may not contain excipients and
typically are highly purified forms of the drug. The implant dissolves slowly
over time, providing a constant systemic administration of the drug to the
patient. Drugs prepared in this form are usually supplied as a kit that includes a
medical device that is designed to implant the drug under the skin. A common
drug administered in this form is female hormone therapy.
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Eye implants for administration of drugs within the eyeball are another
form of this type of drug delivery. They combine the compressed drug (tableted)
with a holder and a suture to permit attachment of the implant within the eye.
The advantage of this system for ophthalmic drugs is the topical administration
of a drug to a part of the body with low levels of circulation where systemic
introduction of the substance to the body would create other complications or
problems.

Systems like this capitalize on the ability of a medical device and dosage
form to work in combination to overcome physiological problems and present a
drug product to the affected area over an extended period of time.

Suppositories.  Suppositories are a solid drug dosage form that dissolves, melts,
or softens inside the body to release a drug product. Suppositories may be
designed for the vaginal, urethral, or rectal orifices of the body. Suppositories
can deliver a drug for both topical and systemic action in the body. Most sup-
positories are made with cocoa butter; however, gelatin, hydrogenated vegetable
oils, and fatty acid esters of polyethylene glycol may also be used. The choice of
the base ingredient for the suppository affects the delivery of the drug. All base
materials are designed to melt or dissolve quickly in the body, but fat-soluble
drugs may be inhibited in their action when blended with a high-fat material like
cocoa butter. The site of administration also dictates the type of base material
used. Cocoa butter produces an unwanted residue and is not suitable for vaginal
suppositories. Normally, a water-soluble base is used for administration in this
part of the body. Conversely, water-soluble bases are not suitable for rectal
administration because the rate of dissolution and drug release is too slow.

Suppositories are prepared by mixing the API with the base material in
either a solid or liquid form. Melting the base at a low temperature and then
dispersing the drug in the liquid achieves the finished compounding and is an
alternative to dry mixing of the ingredients. The liquid suppository material is
then placed in a mold and allowed to cool and solidify.

Suppositories must be stored at controlled room temperature (25°C) and
preferably never higher than 30°C. Suppositories made with water-soluble bases
such as gelatin and polyethylene glycol must be protected from both moisture
and elevated temperature.

Liquids
Solutions

Solutions are just what the word says they are: one or more drug substances
dissolved in a solvent or solvents. The drug material is dispersed to the molecular
level by the solvent or solvents. Solutions are more uniform than powder mix-
tures, so this form of drug dosage is considered more uniform than others when
given to the patient. The problem with solutions is that many drug substances are
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prone to breakdown or display some form of chemical instability while in the
liquid form. Depending on the solubility of the molecule or materials in question,
liquid forms of a drug usually are more bulky than the solid form of the same
compound. This is one of the benefits tablets and capsules have over liquid
solutions. Packaging the liquid form of a product typically produces a package of
greater bulk than the same product in solid form, and the package has more
problems to overcome as part of the filling and sealing process. Liquid products
containing molecules that are light sensitive are more susceptible to photolytic
breakdown in the liquid form, and packaging must shield the product from those
wavelengths that would attack the molecule or possibly all light.

Products that use a solvent or mixture of solvents where one is volatile
require protection from heat. This is a major concern along with the performance
capability of the container and closure system to withstand increased internal
pressure at elevated temperatures. Leakage and contamination at the seal is
another concern with liquids, particularly if the diluent or carrier used in making
the product can support bacterial growth.

Solutions are designated or labeled for their specific method of product
administration. Oral solutions would be administered through the mouth, while a
topical solution would be applied only to the specified local area of the body.

Solutions are required for the injection of drugs. This form of solution used
in parenteral applications is considered an injection. Many products, particularly
vaccines, are stable in a solution suitable for injection while others have limited
stability after being solubilized. This second set of materials that are unstable in
solution are diluted and solubilized immediately before administration, normally
in the vial or container that contains the stable powder or granule form of the
product. Most products of this type are prepared from a solution in a process
called lyophilization or freeze drying, where the water or solvent used to man-
ufacture the product is removed, leaving a stable and sterile form of the drug in
an uncapped vial. The vial is normally sealed in the same way that a liquid-filled
vial is, with an elastomer stopper and an aluminum ring. Prior to use, water for
injection (WFI), or an electrolyte solution is added to reconstitute the powder to
a liquid form that can be administered parenterally. Products administered this
way fall into a category of injections less than 100 cc in volume. A different set
or requirements are used for products greater than 100 cc in volume.

Oral solutions. Oral solutions are designed for administration through the
mouth. Oral solutions may or may not contain a sweetener, coloring, or fla-
voring. Oral solutions are usually aqueous solutions with added diluent materials
to improve or ease administration of the drug or multiple drugs dissolved in the
solution. Many oral solutions are first prepared in a concentrated form that must
be diluted before administration. Some solutions contain cosolvents other than
water, and when these solutions are diluted, the possibility of precipitation of the
dissolved ingredients may occur if the dilution is done improperly.
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Solid materials or mixtures of soluble solids may be dispensed and labeled
for oral administration and are usually prepared by dilution with water; such
products (e.g., potassium chloride) would be plainly labeled “for Oral Solution.”

The term “syrup” is applied to oral solutions that contain a high concen-
tration of sugar or other sucrose sweeteners. Originally, this term was only
applied to solutions that were very near saturation with sugar, but over the years,
it has been applied to any sweet and slightly viscous liquid and has been
extended to oral suspensions as well.

Oral solutions may contain, in addition to sweeteners, glycerin or polyols
like sorbitol to modify mouth feel, taste, solubility, and crystallization of the
solution constituents. Solutions may also contain ingredients that inhibit the
growth of bacteria, mold, or yeasts. Sweeteners are not limited to sucrose or
sugar, aspartame and other sugar substitutes are used along with thickening
agents (e.g., hydroxyethylcellulose) to modify viscosity and mouth feel and are
used to treat diabetic patients.

Oral solutions that contain alcohol are usually referred to as elixirs; in fact,
the proper use of the term “elixir” requires that the solution contain alcohol.
Some products may require a large amount of alcohol to achieve solution, and
these solutions may create a pharmacological effect in a patient because of the
amount of alcohol administered with the drug. This problem is usually overcome
by using propylene glycol or glycerin along with alcohol and water to minimize
alcohol complications.

Topical solutions. Topical solutions are designed for application directly on a
problem. Topical solutions are referred to as “lotions.” Most topical solutions are
designed to be applied directly to the skin, although a smaller number may be
applied to the mucosa in the nose or to other parts of the body as specified on the
labeling. The majority of topical solutions are aqueous based, although other
solvents such as alcohol or a polyol such as propylene glycol may be present.

Tinctures. Tinctures are unique solutions prepared from vegetable sources or
from synthesized chemical substances that are solubilized in water or water/
alcohol solutions. Tinctures typically have established standards that do not cor-
respond directly to the solubility of the material; a tincture solution is adjusted to
the established standard of concentration or proportion of the drug required by the
USP standard (3) for the product. The most common tinctures represent 10 g of the
drug solubilized in 100 mL of solution or tincture, with this concentration adjusted
following a chemical assay of the potency of the initial solution.

Suspensions. Suspensions are very similar to solutions, and many times people
use the terms interchangeably even though they represent two totally different
types of products. A suspension is a liquid product that contains solid particles of
another material suspended or dispersed throughout the liquid phase. The
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particles are not soluble in the liquid. Suspensions may be labeled with terms or
titles similar to solutions that more accurately designate the type of product
administered, such as oral suspension or topical suspension. The term lotion has
also been applied to topical suspensions (e.g., calamine lotion).

Good examples of oral suspensions include milk of magnesia and many
liquid antacid products. These products are stable suspensions and are supplied in
ready-to-use form, although some agitation or shaking may be required to uniformly
redisperse the package contents if it has been sitting for an extended period of time.

Oral suspensions and other types of suspensions may contain antibacterial
additives to protect against mold, yeast, or bacteria contamination. Oral antacids
are susceptible to contamination when the user drinks the product directly from
the bottle instead of using a cup or other administration device that prevents
direct introduction of bacteria into the product.

Suspensions may contain sweeteners, viscosity adjusting materials, wetting
agents, clays, surfactants, polymers, and other ingredients that prevent hard settling of
the insoluble particles and improve the ability of the suspension to be administered.

Some suspensions are prepared for sterile injection, including ophthalmic
and otic suspensions. These materials are diluted just prior to injection with WFI or
some other suitable diluent. As a general rule, suspensions should not be injected
intravenously or intrathecally. The suspended particles can clog blood vessels
before they dissolve. Packaging for suspensions is the same as for true solutions.

Transdermal drug delivery. “Patche” is the common term used to describe
transdermal drug delivery as a dosage form (Fig. 17). The patch is applied
directly to the skin for the purpose of delivering a drug through the skin to the
circulatory system for systemic treatment of a condition or disease. Nicotine
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Figure 17 Diagram of a transdermal patch.
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patches are probably the most common form of these devices recognized by the
general public along with hormone products.

Transdermal patches are uniquely designed and constructed with multiple
layers of material and drug product to achieve the desired delivery of an API to
the body. The system looks very much like a Band-Aid®™. The transdermal patch
has an outer layer to protect the contents after application, a membrane or layer
of material to control the rate of drug diffusion or administration through the
skin, and some type of adhesive to hold the patch on the skin. The drug is
typically contained between the outer layer of the patch and the rate-controlling
membrane or layer; some people refer to this area of the package as the drug
reservoir. The strength or advantage of a transdermal system of drug delivery is
its ability to achieve a steady-state concentration in the patient as long as the
patch is applied. This could also be described as a steady state or constant rate of
delivery to the body. Most transdermal systems are described in terms of their
release rate, and this is dependent on the membrane and drug formulation
contained in the reservoir as well as the size or area of the patch. These factors
determine the amount of drug delivered in a steady-state manner to the circu-
latory system.

Ophthalmic preparations. A separate class of dosage forms is defined for the
eye. Ophthalmic materials may be solutions or suspensions and may be dispersed
in aqueous, nonaqueous, or petroleum bases (4). Ophthalmic preparations must
contain antibacterial agents to prevent the growth of microorganisms that may be
introduced to the product through contact with the eye during dosage or
administration of the product. Ophthalmic preparations are normally supplied as
ointments, suspensions, or solutions. Large-volume solutions called collyrium,
which are used to wash the eye, do not contain active ingredients but must take
into consideration the isotonicity of the lacrimal fluid in the eye. The concern
regarding isotonicity and pH is very important when a drug must be reconstituted
from a solid for instillation in the eye. The material used for dilution is chosen to
match the pH and isotonicity of tears so as to minimize any discomfort to the
patient. A number of lyophilized drugs, which are unstable in solution form,
must be reconstituted with an appropriate diluent for instillation into the eye.
Solutions to reconstitute ophthalmic preparations are prepared with the necessary
additives to match the needs of the eye. Packaging of these diluents materials is
just as rigorous and difficult as packaging a drug product for use in the eye.

Ophthalmic ointments. Ophthalmic ointments are preparations for the eye that
contain a drug or drugs dispersed primarily in a petrolatum base. These materials
are sometimes dispersed in water-soluble bases that are more appropriate for
water-soluble drugs.

All ingredients for an ophthalmic ointment are presterilized and then
compounded under aseptic conditions to produce the ointment. The USP (3) is
very specific about the ingredients meeting sterility requirements along with the
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test methods required to prove lot-to-lot sterility. Most manufacturers routinely
test ophthalmic products for sterility prior to release to ensure that a microor-
ganism contaminant has not found its way into the product as an improperly
sterilized raw material or in the aseptic manufacturing process. Ophthalmic
ointments contain a preservative that will prevent growth of microorganisms in
the product and will destroy microorganisms introduced to the product after
opening and use. A few ophthalmic drugs are bacteriostatic and do not need
preservatives.

The active ingredient in an ointment is added to the base as a micronized
powder or as a solution. The ointment must contain no large particles and must
be certified to contain no metal particles. Metal particles could be introduced to
the product during the manufacturing process.

Any ointment must be nonirritating to the eye, and the choice of diluent or
carrier agent must exhibit this property. In addition, the final ointment must be
compatible with the secretions bathing the eye and must permit diffusion of the
active ingredient through the interaction of the product with tears. The ointment
base is adjusted to maximize product stability and product compatibility with the
eye over the storage life of the product.

Ophthalmic solutions. Ophthalmic solutions are formulated and manufactured
in much the same way as ophthalmic ointments. They must be free of particles or
foreign matter contaminants and are usually packaged in a container that is
designed for instillation of the product into the eye. Some understanding of
lacrimal fluid (tears) and the pH of the eye is needed to know how this type of
dosage is formulated.

Lacrimal fluid is isotonic with the blood. This means that the fluid we call
tears is not plain water but really a solution of salts and proteins that correspond
to an isotonicity value equal to that of 0.9 % sodium chloride solution. The eye
can tolerate lower and higher values (0.6-2.0%) without exhibiting discomfort
noticeable to the patient. A product may be formulated to be hypertonic, which is
outside of this comfort range, in order to speed uptake and interaction with the
eye. Hypertonic products are administered in small doses that are quickly diluted
by the lacrimal fluid (tears) to minimize the time of patient discomfort.

Solutions may be buffered to enhance the effectiveness of the drug
ingredient and its suitability for use in the eye. Drugs that perform best as
undissociated free bases, that is, products that are normally salts (e.g., alkaloid
salts), are most efficacious at pH levels that maintain the undissociated state.
Adding a buffer to a product attains a compromise pH level that balances sta-
bility and effectiveness. The use of a buffering agent requires many consid-
erations. Normal tears have a pH of 7.4 and possess some buffering capacity in
their makeup. Thus, when a drug is added to the eye as one or two drops of
product, the normal buffering action of the tears in combination with the buffer
in the solution is sufficient to neutralize the hydrogen or hydroxyl ions in the
product. Alkaloid salts are an example of a weakly acidic material and typically



Pharmaceutical Dosage Forms and Their Packaging Requirements 81

have a weak buffer capacity. Here, the tears can dilute a small dose of product
added to the eye quickly enough to avoid discomfort. Many drugs are not stable
at pH 7.4, so buffering solutions are chosen that permit the final product to be as
close as possible to this value while preventing precipitation or rapid deterio-
ration. Another reason to add a buffer to an ophthalmic solution is to minimize
the increase in pH of the solution from the release of hydroxyl ions from a glass
package.

Ophthalmic solutions may be thickened using methylcellulose, polyvinyl
alcohol, or other thickening agent. This is done to prolong contact of the drug
with the eye.

Drugs that lose effectiveness when buffered or would not be stable in the
normal range for an ophthalmic solution are supplied in many cases as a dry
lyophilized powder. Adding an isotonic diluent to the product and immediately
administering the liquid to the eye overcome the short-term stability of the
product in solution.

Sterility of ophthalmic solutions is of great importance. The typical
method of producing these products is with sterile filtration under aseptic con-
ditions. The filter retains and removes any bacteria. The container into which the
product is filled has been presterilized by radiation or autoclaving and is
maintained in the sterile aseptic state until it is opened, filled, and sealed.
Autoclaving or heat processing is always a favored method for sterilization;
however, many drugs are not stable in high-heat conditions, or cannot be buf-
fered or adjusted to maintain stability at sterilization temperatures. Normally,
sensitive materials like this are prepared in a single-use container or in containers
designed for use by one patient only.

Ophthalmic suspensions. Ophthalmic suspensions are similar in makeup and
properties to the description supplied for solutions (4). The difference is that
solid particles are suspended or dispersed in the liquid used as the carrier media
for instillation into the eye. The particles or powder used in the suspension must
be micronized to prevent irritation or possible scratching of the cornea. These
products must be treated with extreme care to ensure that the particles have not
caked or agglomerated into a mass that would cause harm to the eye. Packaging
of a suspension is normally in a clear bottle that permits the doctor or patient to
ascertain that the condition of the product is suitable for administration.

Gases

Drug products may also be gases. It is rare that we think of the true gas as a drug,
but some examples would be oxygen to aid patients with emphysema or gases
that are used in combination with other drugs for anesthesia. Halothane, iso-
flurane, sevoflurane, and nitrous oxide are gases used for anesthesia. Packaging
of gas products for this use is not typical packaging dispensed by the doctor or
patient. Instead of focusing on gases in this section of drug dosage forms, a more
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appropriate topic is aerosols and how they deliver a product to the body in a form
that is similar to a gas infusion.

Aerosols

Aerosols used to dispense pharmaceutically active ingredients are products that
are packaged under pressure. When released by a valve contained in the pack-
aging, the therapeutic agent is released as a mist or very fine spray. Aerosols
come in many forms and are used for topical applications as well as nasal,
lingual (mouth), or inhalation applications. The term “aerosol” has been applied
to a wide variety of products that are supplied under pressure, including foams,
ointments, and semisolid fluids.

Aerosols are considered a dosage form for a number of reasons. The
mixture of product and propellant and their possible interactions, the potential
change of a molecule under pressure, and the multiple specialized components
employed to make an aerosol-dispensing container all are scrutinized as a drug
delivery system. Further complications are introduced when a precise metered
dose of product is required from the aerosol container.

The first and most common thought about using an aerosol is in the
administration of the product to the lungs as an inhalation aerosol (Table 1). This
is one of the most demanding applications of aerosol packaging because the
product must be released and broken up into extremely fine particles (<5 pm in
size) to penetrate the lungs. Aerosols for other administration areas such as the
nose and throat may produce much larger particles, some as much as several
hundred micrometers in size.

The makeup of an aerosol product consists of a container, some form of
propellant, some form of solution or emulsion that contains the active ingredients
and diluents, a valve that controls the release of the product, and some form of
actuator that releases the valve, directs the spray of product, and in some cases,
provides the mechanical mechanism to break the liquid into the required particle
size. These components have the capability of producing a wide variety of
effects on the products dispensed, including metered or uniform doses, distri-
bution of particle size, spray pattern, temperature of the spray, wetness of the

Table 1 Aerosol Therapy Overview: Relationship Between Particle Size, Target Area,
and Mode of Transport

Particle size Target area Mode of transport

<1 pm Particles are exhaled Remain in gaseous state

1-5 pm Peripheral bronchial passages Particles form a sediment

5-10 pm Upper respiratory passages and central Particles rebound
bronchial passages

>10 pm Upper respiratory passages

Source: From Ref. 5.
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spray, shape of the spray emerging from the actuator, and in the case of aerosols
not dispensing a fine spray, fluid viscosity or foam density of the applied product
(Table 1).

Aerosol containers. Aerosol containers present some unique advantages for
dispensing products. They are convenient and dispense product with the “touch
of a button,” and can easily maintain sterility of the product throughout the life
of the dosage because they do not come in contact with the affected area of the
patient. These characteristics along with the complexities and requirements
needed to design the proper drug, excipient, and propellant mix, plus all the
associated mechanical hardware needed to make the package work move them
into their own dosage form as defined in the USP (3). These packages are highly
specialized containers that dispense product in a unique way and open additional
avenues for drug dosage that are not available by any other means. They also
provide the capability for a patient to use inhalation products in a convenient
portable form. Asthma sufferers in particular benefit from the ability of these
containers to dispense epinephrine or other drugs directly into the lungs to
counteract asthma attack.

Aerosol containers may be made from glass, plastic, or metal. Many of
these materials are used in combination with others to achieve benefits that a
single material cannot provide. An example would be the coating of a glass
container with plastic to minimize breakage of the container. Thermosetting
materials in the form of coatings are used on the inside and outside of metal
containers as a polymer barrier to insulate the metal from interacting with the
product or the environment. Coatings, inks, and varnishes on the outside of metal
containers provide a method for labeling the product.

Glass aerosols are the most difficult to develop. They require a balance
between maintaining the pressure inside the container and maintaining maximum
impact resistance of glass under internal pressure. A glass aerosol when broken
has the potential to hurl shards of glass over a large area.

Plastic aerosols do not suffer from the breakage problems encountered
with glass. They do suffer from slow creep of the plastic material, which, in an
extreme case, could misshape the container and make it unsuitable for use. All
plastics have some diffusion characteristic and are not hermetic. This means that
the propellant or the liquid drug product they contain can slowly diffuse through
the walls of the container. Plastics are more commonly found as containers that
are not under pressure and use a pump mechanism to deliver the product to a
specially designed actuator for breakup into a mist for aerosol administration.

Metal containers (cans) are the standard containers when discussing an
aerosol container. Metals used to make aerosol container include steel, alumi-
num, stainless steel, and tin-plated steel. Metal containers used for aerosols
almost always have the metal substrate coated with some type of interior coating
(epoxy, polyamide, polyester, vinyl, etc.) to insulate the metal from the liquid
and the propellant it contains.
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Types of aerosols. An aerosol may be a two-phase or a three-phase system
consisting of gas and liquid or gas, liquid, and solid, respectively. The two-phase
system consists of a solution of the active ingredients and diluents mixed
together with both a liquefied propellant and a vaporized propellant.

Two-phase aerosols. Two-phase aerosols are the most popular dosage forms
now in use for drug solutions (Fig. 18). The solvent that holds the ingredients is
typically a mixture of cosolvents such as water, alcohol, propylene glycol, or
polyethylene glycol that are soluble in a propellant that is liquid under pressure.
The vaporized phase of the propellant provides the initial push of the product
from the container. Probably the best way to understand an aerosol is to rec-
ognize that there are only two phases formed or contained in the aerosol, liquid,
and gas. The advantage of a two-phase system lies in the ability to greatly
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Figure 18 Two-phase aerosol container.
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enhance the mist formation by discharging both the liquid and the propellant
together. The maximum effect that can be achieved in the formation of a mist
comes when the drug is soluble in the pure liquefied propellant. This and the fact
that many drug substances are soluble in the cosolvents mentioned earlier make
this method of aerosol formation the most popular form for drug solutions. As
the combination of solution and propellant emerge from the actuator, the rapid
evaporation of the liquid propellant creates a very fine mist of the drug.

A modified type of two-phase aerosol system is one that produces a dry
spray or a powder spray. Here, the micronized particles of the drug and any
excipients used to enhance properties are dispersed directly in the propellant.
When the aerosol is sprayed, the propellant immediately evaporates, and only the
powder reaches the patient.

Three-phase aerosols. A three-phase aerosol container consists of a similar
arrangement of components with the addition of suspended or emulsified solid
along with the vaporized or liquefied propellants, or if it is a true solution,
the propellant is immiscible in the liquid (Fig. 19). In a three-phase system, the
propellant is not miscible in water, or the suspending agent for the solid and three
distinct phases are formed: the drug solution, the liquid propellant, and the pro-
pellant gas. For this type of aerosol container, the propellant only pushes the
liquid from the container. The design of the actuator breaks up the liquid and
forms the type of mist or spray that emerges from the nozzle.

Another method to improve the characteristics of the mist is to shake the
container to disperse the propellant in the liquid. If the liquid propellant floats on
top of the liquid, the discharge of both propellant and liquid and the propellants’
subsequent evaporation can enhance the mist formation beyond that achieved at
the actuator. When this characteristic of dispensing both solution and propellant
is desired, the solution in the aerosol is formulated with both water and alcohol to
modify its density and create the slight density differences necessary for the
propellant to float on top of the liquid. The choice of propellant is critical to a
system for it to float on the liquid. Most three-phase aerosol systems have the
propellant sitting below the liquid on the bottom of the container.

Aerosols may use one other method to achieve the small particle mist-
dispensing effect. By feeding the vaporized propellant to the actuator in a sep-
arate stream, the vaporized propellant is mixed with the drug in the actuator,
while the propellant inside the container pushes the stream of liquid. The stream
of propellant moving to the actuator is much larger than the stream of the
solution, and the interaction results in a very fine dry spray of particles coming
from the actuator. This method of particle size dispensing uses the minimum
amount of propellant to achieve the effect. A spray from an aerosol produced this
way does not feel cold to the patient when applied.

Aerosol foams. When an aerosol produces a foam presentation of the product,
the solution phase inside the container becomes more complicated. Foams are
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Figure 19 Diagram of a three-phase aerosol system.

produced from emulsions. A continuous phase in the solution consisting of
the API, surfactants, and other liquids is one part of this mixture, with the
propellant and emulsion being the other phases. The product dispersion and its
subsequent foam production by the aerosol result when the product is shaken
before use. Foams can also be produced by using soluble gas dissolved in the
emulsion. Typically nitrous oxide or carbon dioxide is used to achieve this type
of emulsion.

Isolated aerosol systems. Aerosols can be designed to isolate the propellant
from the solution or suspension. Aerosols with the propellant separated from the
product contain a bladder or bag that holds the propellant under pressure and can
expand as the actuator is engaged. The bladder expands, forcing the liquid from
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the container. Systems using this aerosol-producing method are useful for dis-
pensing ointments.

Another more unusual approach maintains the propellant and the liquid in
separate compartments within the aerosol container. The propellant gas is
released as a separate stream and forms a venturi with the dip tube in the
container drawing the solution out of the container. The propellant is mixed with
the liquid in the actuator just before the portion of the actuator that creates the
spray characteristics.

Propellants. Propellants are liquefied gases that have a vapor pressure
exceeding that of atmospheric pressure. Propellants used for aerosols have
undergone a major shift in the last 10 years. Originally, fluorocarbon gases that
are derivatives of methane, ethane, and propane were used as propellants. These
liquefied gases were very inert with most drug substances and very safe in the
manufacturing environment. With the concern over the interaction of these
materials with ozone in the atmosphere at high altitudes, other compressed or
liquefied gases have replaced most of these propellants. Now, typical low-
molecular-weight liquefied hydrocarbon gases are used as propellants in aero-
sols, for example, are butane and pentane.

Compressed gases are also used to power aerosols. The typical compressed
gases chosen as propellants include carbon dioxide, nitrogen, and nitrous oxide.
As mentioned earlier, a mixture of gases either compressed or liquid or a
combination of liquid and compressed gas is chosen to achieve the optimum
pressure for dispensing and to maintain that optimum pressure throughout the
administration life of the drug product from the container.

Mechanical parts of an aerosol container. The mechanical components of an
aerosol container work in combination with the propellant to produce mist,
spray, foam, or ointment delivery. These parts include the valve, actuator, and
mixing cup for inhaled aerosols and for nonpressurized aerosols, a pump.

The valve is one of the more unique parts of any aerosol container (Fig. 20).
It must be inert to the drug and the diluents and excipients used to dissolve or
suspend the active ingredient. It must regulate the flow of the product and possibly
the propellant from the container. A valve may be designed for continuous delivery
of a product or designed to deliver a metered dose of the product. Continuous
delivery is most often used for topical products, and metered doses are most often
found for oral and nasal inhalation. Surprisingly, the ability of these valves to
deliver an accurate dose is quite good. They compare favorably in uniformity to
tablets and capsules.

Pumps used to produce metered doses of an aerosol product have become
very popular over the last 10 years as an alternative to gas propellants. Most
consumers associate them with environmental-friendly packaging and recognize
that no fluorocarbons or other potentially harmful gases are used to dispense the
product. They are quite accurate in the metered delivery of dosage and strong
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Figure 20 Diagram of the valve and mechanical parts of an aerosol container.

enough to push the solution or suspension through an orifice to produce the
desired particle size for delivery. One drawback to pumps is the need to prime
them prior to their first use. This involves filling the metering chamber contained
in the valve to assure a uniform dose. Pumps must also be primed if they have
not been used for an extended period of time.

Most valves and interior pump components are made from plastics, elas-
tomers, and stainless steel. The stainless steel is most often found in the spring of
the valve. Glass balls may be used for valve opening and closing mechanisms.

Actuator is an extension of the valve. It is attached to the valve stem and
most often is used to designate the direction of the spray along with providing
the pressure point to actuate or open the valve. Actuators are designed with an
orifice that produces the proper presentation of the drug product. They may also
contain an expansion chamber prior to the orifice to enhance the formation of the
aerosol mist.

Manufacture of aerosols follows one of two general processes. The first
process fills the container with a metered volume of the drug solution or sus-
pension; it then chills the drug product and meters the propellant into the con-
tainer as an extremely cold liquid. As the propellant begins to evaporate (boil),
the container closure containing the valve assembly is crimped or double seamed
into place. As the container warms, the remaining propellant partially evapo-
rates, while some remain in solution, and the container becomes pressurized.
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This method of manufacture has the added advantage of evacuating the head-
space of the container of unwanted atmospheric gases. These gases are displaced
as the propellant evaporates from the surface of the liquid in the container.

The second common method of manufacture is called pressure-fill. When
this method is used, the container is filled with the solution and closed with the
valve assembly. The propellant is then forced into the container through the
valve or, in some cases, under the valve cap with immediate sealing. When this
method is employed for filling, the headspace of the container (the unfilled area
above the liquid contents) must be evacuated of air if the presence of oxygen or
other atmospheric gases are deleterious to the contents.

Oral and nasal aerosols intended for inhalation dosage. Not all drugs are
supplied in an aerosol container. Pharmaceutical inhalants are drugs that are
supplied to be dissolved or atomized into a mist or vapor for therapy. Drugs may
be dispersed into vapors, mists, or aerosols using an atomizer or vaporizer. In a
device of this type, the medication is usually dissolved in water and the water
heated and pushed through a system that creates a fine mist or evaporates the
liquid and presents a saturated atmosphere to hood or other device for inhalation.
Devices like these are most often used to relieve bronchial or nasal congestion
and possibly some congestion in the upper respiratory area. Another method of
using an aerosol uses this technique. The aerosol is sprayed into a hood or
enclosed space and the patient then breathes the mist.

Nebulizers and oral aerosols are another aerosol dosage form designed to
push a drug product deep into the lungs or bronchial tubes. Products supplied for
use with this form of dosage therapy provide symptomatic relief from asthma and
bronchial ailments. This method of administration is another way to provide sys-
temic delivery of a product to the body when the product degrades in the gastro-
intestinal tract or is not persistent in the correct state long enough for absorption.

Oral aerosols are designed to go deeper into the lungs than standard sprays.
These products, usually for asthma relief, combine a metering valve with some
type of cup or delivery device that also mixes air into the dosage being delivered
to the patient. This means that the patients not only must manipulate the device
but they must also perform a breathing inhalation at the same time for the drug to
reach the affected area. There are large number of variations in the adminis-
tration devices supplied with these specialized aerosols, and the variations
between them coupled with different directions about how to use the different
devices are complicated for patients to follow.

Both solutions and suspensions are administered in this manner. Both types
of drug products require development of a very small particle size to avoid
coalescing into a form that cannot reach the targeted pulmonary area. When a
suspension is involved, the product must not only break into extremely small
particles but must also be designed not to agglomerate. The use of surfactants
and lubricants along with minimizing the amount of water present are the most
common methods used to minimize or stop this problem.
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Nasal aerosols are slightly different than the bronchial or pulmonary aer-
osols just discussed. These products can reach the recesses of the sinus cavities
without moving into the lungs. They are typically an alternative to drops or
sprays and have the advantage of not placing a concentrated dose of product in a
very small area of the nose or sinus cavities, thus avoiding mucosal irritation.
Products designed for nasal aerosol administration do not come in contact with
affected areas, which improve maintenance of sterility.

Many nasal aerosols are produced by the mechanical action of a metered
pump and a small orifice tip that interacts with the solution under pressure to
break it into a fine mist. Hay fever and allergy medications are dispensed in this
manner with budesonide being one of the more popular allergy medications
delivered with this system.

Topical aerosols. A wide variety of products are delivered as topical aerosols
or sprays directly on the affected area of the body. This method of application is
very soothing when treating a burn or other skin problem where the application
of a liquid or ointment to the affected area would create additional irritation.

For burns, the cooling effect of the gaseous propellant along with the fine
mist of the drug produces a soothing effect. Because of these advantages in
application, a wide variety or products are supplied as topical aerosols, including
local anesthetics (e.g., benzocaine), antiseptics that may also contain or be an
antibiotic, burn preparations that combine both antiseptics and anesthetic
ingredients, and possibly a protective film that acts as cover or dressing for the
area. Additionally, steroids such as prednisone, calamine lotion, and sunburn
ointments, preventatives such as zinc oxide, and medications for athlete’s foot all
use this dosage form.

Because of the wide range of conditions treated, a wide variety of aerosols
are employed for topical use. Powders, mentioned earlier as a micronized drug
product suspended directly in the propellant, are used for a variety of topical
treatments of the skin and particularly for athlete’s foot.

Foams and ointment administration from an aerosol are also part of the
range of dosage presentations in topical aerosols. Foam aerosols for rectal or
vaginal administration of a variety of products are available.

Topical aerosols most often use hydrocarbon propellants to push the large
volume or viscous formulations of foams and ointments from the container. All
hydrocarbon propellants are extremely flammable, and warnings are prominently
displayed on the containers.

SUMMARY

When one reviews the needs of stability, sterility, purity, and dosage forms, one
is presented with a wide variety of possible packaging needs. The primary needs
of product protection and containment are required for all forms and types of
packaging, while methods of dispensing become another packaging requirement
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with different types of product and different product forms [i.e., solid, liquid, or
gas (aerosol)]. Mechanical aspects of package design for convenience, simplicity
of use, controlled dosage, reconstitution, and administration all add to and
increase the complexity of the packaging problem.

The physiological aspects of the various dosage forms also place a wide
variety of needs on the design and delivery of any potential package. Parenterals,
ophthalmic preparations, intravenous fluids, and injectable products require high
standards for sterility and purity. In many cases, the packaging may contain the
mechanical means for administration. Tablets and capsules typically require
moisture protection and possibly protection from mechanical or physical damage
during transport. The solution to these problems may be as simple as cotton
under the cap of a bottle to prevent the tablets from moving or as complex as a
barrier container with modified atmosphere packaging to prevent moisture or
oxygen ingress. Both solids and liquids may require protection from light.

This list of problems requires a broad and comprehensive understanding of the
strengths and weaknesses of various packaging forms. It also requires an under-
standing of the regulatory and USP (3) monograph requirements for approved drugs.
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Vaccines and Biologically Produced
Pharmaceuticals

INTRODUCTION

Biotechnology is an exciting area of pharmaceutical research and development.
It comprises drugs, proteins, and vaccines. The promise that it holds has captured
the imagination and interest of the press and general public. The potential benefit
from new products developed by this technology is staggering. It offers the
possibility for cures of genetic conditions and for repair and healing of severely
damaged cells that cannot repair themselves. It is the brave new world of
multidisciplinary science, medicine, and from a packaging perspective, a new
range of products to protect. As the technology and the products it manufactures
move to commercialization, packaging must develop new methods, materials,
and delivery systems. The pharmaceutical industry considers these technologies
and the products they manufacture to provide an opportunity to dramatically
improve health care on a broad spectrum of problems little understood as few as
10 years ago.

Vaccines are in an equally exciting position. The introduction of new
vaccines that treat a wide range of diseases, including bacterial meningitis, a
severe disease of the brain and spinal canal, is equally as exciting as the biologic
drugs. The manufacture of vaccines is undergoing a major change as it shifts
from antibody production in eggs to products produced by recombinant RNA
and DNA techniques. The research into diseases like HIV has led to the possi-
bility of developing a vaccine to immunize against this deadly killer. Our
understanding of the immune system in the post-HIV world has improved dra-
matically. Targeted vaccine development into areas that permit the body,
properly immunized with a vaccine, to fight off many deadly killers is again at
the cutting edge of medical technology.

93
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How are biologic products made and how are they packaged? The whole
idea of biologically produced materials is foreign to the general public. There is
a large amount of fear when one discusses genetically modified crops, geneti-
cally modified animals, or cloned animals outside the scientific community.
Genetically altered crops are resistant to disease, permit prudent use or elimi-
nation of chemical herbicides, have extended food crop plants’ ability to cope
with drought, and improve yields dramatically. They are criticized and banned
outright in some places for fear of potential unknown harm associated with them.
The European Union has prohibitions and strict labeling requirements on
genetically altered crops in the human feed chain, while the United States
accepts and regulates these products closely and permits their use. Consumer
attitudes are much the same; the American consumer has not made this a major
environmental issue, while European consumers are extremely sensitive to the
subject.

Pharmaceuticals fall somewhere in between the two extremes. People are
excited about their promise and are less critical of the possible long-term
questions that surround the technology. Biologics are not new materials; we use
a number of biologically derived products everyday without fear or questions
about safety. Alcohol, antibiotics (penicillin), and a large number of dairy
products are the result of bioengineering. Our ability to harness biology in much
the same way we have harnessed chemistry and physics is the next great frontier
of pharmaceutical science. The human genome project and the information it
provides to researchers in the medical and health care field are unprecedented.
This information begins to establish understanding of genetic conditions and
diseases and begins to unlock secrets regarding why people react differently to
drugs.

BIOLOGIC PRODUCTS

The scope of biotechnology is very large; it is usually defined as the use of living
cells (organisms), including mammalian cells, in the manufacture of products.
This definition places alcohol, antibiotics, dairy products, beer, and vaccines
under the umbrella of biotechnology.

Regulation of pharmaceutical biologic producers and products was enacted
in 1944 under the Federal Public Health Service Act (58 Stat. 682) and later
amended. The groups of products licensed under the Act are detailed in Table III,
part F, and are generally known as biologic products. They are regulated by the
Food and Drug Administration (FDA) as defined in the Code of Federal Reg-
ulations (CFR 21 parts 600-680) that are referred to or called biologics (Table 1).
These regulations are the basis of federal control of biologic products with the
exception of a few diagnostic aids. The regulations are administered by the
Center for Biologics Evaluation and Research (CBER) to evaluate and control
biologic products. The diagnostic aids regulations are administered by the Center
for Devices and Radiological Health of the FDA. This control by CBER is not to
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Table 1 Biologic Products Regulated by CBER and CDER

CBER CDER

Vaccines Cytokines

Plasma expanders Monoclonal antibodies
Blood products (blood derivatives) Interferon

Whole blood Enzymes

Gene and cellular therapies (somatic cells) Growth factors

Includes viral inserted (vectored)

Antitoxins and allergenics Proteins for therapeutic use Produced and
extracted from animal or microorganisms
(does not include clotting factors)

Manufacturing reagents Antibodies,

cytokines, proteins
In vitro diagnostics

Abbreviations: CBER, Center for Biologics Evaluation and Research; CDER, Center for Drug
Evaluation and Research.

be confused with that of the Center for Drug Evaluation and Research (CDER)
that regulates finished drug product derived from biologic processing (1).

The current use of the term comes from two extremely significant advances
in the technology. These advances were the development of recombinant DNA
(rDNA) technology and new methods that permitted the production of large
quantities of monoclonal antibodies. Additional technology has also been
developed that has led to cloning and transgenic animals, plants, and gene
therapy (2). These technologies have huge potential applications in pharma-
ceuticals along with antisense DNA, but they remain creatures of the laboratory
for the most part and are not the normal production mechanisms used for biologic
products now in the market.

BIOLOGIC DRUGS

Biologic drugs are produced using mammalian cells and gene-modified bacteria.
A number of drugs like insulin have been used for years. In the last 25 to 35
years biologics have become an area of intense interest. Biologic drugs target
specific receptors or targets to block or change the way the body responds to a
disease or genetic condition (Table 2). Older drugs, mainly small molecule
compounds, require relatively high-dose levels to reach a potency level that acts
systemically in treating the disease but may cause harm to other parts of the body
or in the case of a number of genetic conditions like arthritis or psoriasis sup-
press the immune system (3). The more specific the biologic target, the less
chance the drug has to interfere with other biologic functions, and this presents
the theoretical possibility of it being safer to use.
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Table 2 Biologic Classes of Products and What They Treat

Biologic product type Condition treated

Insulin and insulin analogs Diabetes

Human growth hormone Natural growth hormone deficiency

TNF blockers Blocks cytokines in treatment of rheumatoid
arthritis and psoriasis

Erythropoietins Treatment of anemia

Interferon-o Treatment of hepatitis B and C

Interferon-f3 Treatment of multiple sclerosis

Cancer antibodies Treatment of metastatic cancers (e.g., breast cancer)

Enzyme replacement Treatment of mucopolycharidosis, Fabry disease
and Gaucher’s disease

GCSF Treatment of low levels of white blood cells that
fight infection (neutropenia)

Antiviral antibodies Treatment of respiratory viral infections
(syncytial) in premature infants

Follicle stimulation hormones Treatment of infertility

Recombinant coagulation factors Treatment of bleeding caused by hemophilia

Teriparatide (rDNA origin) Osteoporosis

Other biologics Treatment of genetic conditions and immune

system responses like asthma, cystic fibrosis,
ischemic stroke, acute coronary syndrome, wet
macular edema, sepsis

Abbreviations: TNF, tumor necrosis factor; rDNA, recombinant DNA; GCSF, granulocyte colony-
stimulating factors.

Biologic drugs interact with a number of sites within the body to achieve
their effect. The generic name of the drug provides an indication of what it does.
The suffix used in the name denotes the origin or type of a biologic drug.

Examples are as follows:

® mab is a monoclonal antibody
ximab is a chimeric (mouse-human) monoclonal antibody
zumab is a humanized monoclonal antibody that reduces the amount of
mouse contribution to less than 10%

® yumab is a human monoclonal antibody

® cept is short for receptof and means an antibody fusion protein that mimics
an immunoglobulin

Examples from actual generic names include etanercept (Enbrel) for
rheumatoid arthritis or efalizumab (Raptiva) for psoriasis.

Biologic drugs are difficult to identify and to produce. Their long devel-
opment cycle and the exacting conditions needed to manufacture the product
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contribute to their high cost. In general, the biologic agent acts to trigger some of
the following reactions:

e Activating T-cells
Inhibiting memory or active T-cells
Blocking migration of T-cells to a specific organ or area of the body; for
example, blocking migration of T-cells to the skin in the case of psoriasis
¢ Inhibiting the production of certain chemicals in the body
Inhibiting cytokines, for example, etanercept used to treat rheumatoid
arthritis blocks tumor necrosis factor (TNF)
Blocking conversion of one cytokine into another
Stimulating blood-producing cells
Increasing the level of a hormone
Adding a missing enzyme (insulin)

This list is not complete and does not include vaccines that will be dis-
cussed later in the chapter.

Biologic drugs tend to be large molecule products that are almost
impossible to reproduce chemically as is the case of small-molecule pharma-
ceutical products. The drugs are produced in living tissue or cell cultures that
must be maintained without change. The unique cell culture that produces the
large molecule has the potential to mutate, particularly if the culture is some
form of bacteria. Another problem is the life span of any unique culture. All
things die, and modifying and maintaining a pure strain of a particular cell
culture to produce the drug or biologic over extended periods of time present
other unique challenges.

As mentioned, biologic products are proteins and other very large mole-
cules. This presents a different set of problems for administration of these drugs.
Our bodies are very good at digesting proteins and breaking down other complex
molecules, making most of these products unsuitable for oral ingestion. This
means that the majority of biologic drugs are injected or infused into a patient.
When first introduced as nontraditional therapies, a patient had to go to a doc-
tor’s office or a health care facility for administration of the product, thereby
increasing treatment costs. This fact and the resulting questions of cost and
accessibility of drugs that are very expensive have created a number of pack-
aging challenges and changes in how to protect and dispense the drugs and
administer them to patients.

Packaging of biologics presents a number of unique challenges. These
include refrigeration, interaction with the primary packaging material, and
customization of the package to a delivery device suitable for use by the patient.
Most of the products are susceptible to changes when exposed to light and
temperature. The changes are most often in structure (folds) and bond breaking.
Good examples are two of the leading TNF biologics etanercept (Enbrel) and
adalimumab (Humira). One of the drugs etanercept is lyophilized (freeze-dried)
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and then immediately refrigerated between 2°C and 8°C (36—46°F), the other
adalimumab remains in liquid form but also is chilled immediately. The drugs
must be protected from light, and when traveling, the drugs must be maintained
chilled, not frozen, with some types of cold packs. Maintaining cold chain
integrity of any drug is difficult and is a combination of packaging designed to
protect and maintain the required temperature range and a well-documented cold
chain. The cold chain is a series of distributors and transportation carriers with
records proving that the product never experiences any excursion outside its
required temperature range. Cold chain distribution is also used for vaccines.

Protection from light is another component of packaging these products.
The large molecule is sensitive to change, and energy from light may permit the
molecule to refold to a lower-energy state.

The primary packaging materials are another issue with this type of
product. The large molecules can bind or adhere to the inside surface of a
package, reducing the delivered dose. The majority of biologics are packaged in
glass to eliminate or to minimize this problem. Because biologics are still rel-
atively new, packaging development using plastics and other materials is a work
in process. The drugs are expensive, and experimentation with new materials
is costly.

Biologics are mixtures of a number of different molecules very similar but
not exact copies of each other. The large molecules may also have unique
structures or organizational patterns (folds) that affect the way they interact with
the body. This is analogous to the different mirror images of small-molecule
pharmaceuticals, which react in different ways with the body and produce dif-
fering degrees of efficacy. Large-molecule biologics have structural arrange-
ments (folds in the backbone of the molecule) that express different three-
dimensional patterns (reactive sites) to the body. These variations effectively
rule out generic biologic drugs, called biosimilars, because it is almost impos-
sible to produce an exact copy of an existing product.

Biosimilars (4) pose a difficult question for regulatory agencies and gov-
ernments in Europe and the United States. Just as generic products are less
expensive than their branded counterparts, biosimilars hold the promise to be
less expensive than the original product.

Packaging development for biologics has emphasized solutions for two
problems. The first problem is the need to adjust a biologic drug dose to match
the recipient’s body weight. These drugs are very specific in their effect and are
generally prescribed on a per-kilogram-of-body-weight basis. Packaging devel-
opment to minimize the amount of product supplied to the physician or patient
while providing a sufficient quantity to cover a wide range of body weights has
resulted in multiple solutions to this dilemma.

Biologics, as mentioned, are almost always injected into the patient. One
major cost reduction has permitted administration of many of these drugs to take
place at home and not in the doctor’s office. Packaging has enabled the devel-
opment of automatic “pens,” which are simple handheld injection devices that
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make it possible to administer a biologic drug for treatment of TNF safely and
easily at home.

This is an area of packaging development that will expand to meet patient
and product needs while making biologic drugs easy to use, safe, and simple to
transport (5).

VACCINES

Vaccines are one of the greatest achievements in medical science. A vaccine
teaches your body’s immune system how to resist infection and disease. It is
based on the idea that by presenting the immune system of the body with a
weakened or modified version of a disease, it will not only destroy the vaccine
components that mimic the disease but will also remember the danger and
produce memory cells that protect a person, sometimes for a lifetime, from any
chance of being infected by the disease.

Measles, mumps, pertussis (whooping cough), diphtheria, and rubella are a
few of the diseases that killed tens of thousands in the 19th and early 20th
centuries but are rarely mentioned as dangerous any more. Parents lived with the
fear that their child would contract polio and be paralyzed for life or could
possibly die because of the infection. Today polio is another disease that has
been conquered in the Western Hemisphere.

Influenza or flu remains a dangerous infection for the very young and the
elderly, but yearly flu shots (vaccines) reduce the severity of infection in those
that receive them and have markedly reduced deaths in the most vulnerable
populations in our society.

Everyone has a built-in protection against disease called the immune
system. This complex biologic adaptation allows our body to recognize and
combat disease. When your body fights off a viral or bacterial invader, you get
naturally acquired immunity. This comes at a price because you are sick for a
period of time, while your body fights the infection, but as it eventually wins the
fight, you recover. Your body goes through a progression of identifying the
invader and producing antibodies to fight it. Normally it takes the body about a
week to learn how to identify and fight off a dangerous microbe. If the microbe is
extremely virulent, this may be too long and the body may be overwhelmed by
the invader. This means you are sick for a number of weeks, while your body
works to fight off the infection. In severe cases, the infection causes death before
the body can win the fight.

Vaccines are biologic products that prepare your body for the fight against
the disease, and the preparation is a fight your immune system is guaranteed to
win (6) (Table 3). Traditional vaccines contain weakened or killed microbes or
parts of microbes that rally your immune system into action. It is an unfair fight
because the microbes have been treated in a way that makes them harmless to the
body. Your body quickly overcomes these disease analogs and in the process
learns how to recognize, fight, and defeat the disease if it ever reenters your
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Table 3 Overview of Vaccines

Chapter 3

Vaccine type

Disease

Advantages

Disadvantages

Live attenuated
vaccines

Inactivated
“killed”
vaccines

Toxoid vaccines

Subunit vaccines

Conjugate
vaccines

DNA vaccines

Recombinant
vector vaccines

Combination
vaccines

Measles, mumps,

rubella, polio
(Sabin vaccine),
yellow fever

Cholera, flu,

hepatitis A,
Japanese
encephalitis,
plague, polio
(Salk vaccine),
rabies

Diphtheria, tetanus

Hepatitis B,

pertussis,
pneumonia,
caused by
Streptococcus
pneumoniae

Haemophilus

influenza type B,
pneumonia
caused by S.

pneumoniae

Currently in

clinical trials

Currently in clinical

trials

Veterinary approved

use: vaccine for
West Nile virus in
horses

Diphtheria

Tetanus
Pertussis
Measles
Mumps
Rubella

Produce a strong

immune response
Often give
lifelong immunity
with one or two
doses

Safer and more

stable than “live
vaccines”

Do not require
refrigeration;
more easily stored
and transported

Teach the immune

system to fight off
bacterial toxins

Targeted to very

specific parts of
the microbe
Fewer antigens so
lower chance of
adverse reactions

Allow infant

systems to
recognize certain
harmful bacteria

Produce a strong

antibody and
cellular immune
response
Relatively easy
and inexpensive
to produce

Closely mimic a

natural infection
to stimulate a
strong immune
response

Reduce a doctor’s

visits

Improve protection

for the child and
community
Reduce injections
(needlesticks)
Reduce cost

Remote possibility
that the live microbe
could mutate back to
a virulent form Must
be refrigerated to
stay potent

Produce weaker
immune response
than live vaccines
Usually require
additional doses or
booster shots

Difficult and time
consuming to
identify the best
antigens for an
immune response

Still in experimental
stages

Still in experimental
stages
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body. This process is called artificially acquired immunity. Vaccines do not fight
a disease; they prepare you to never get the disease.

When a large group of people in your community has been vaccinated, the
chances of the disease occurring in the community or area are greatly decreased.
This is called herd immunity, and it means that if a large number of people in a
group are protected, the group as a whole is much less likely to get the disease.
This type of immunity is not a permanent thing. If all the members of a group do
not get vaccinated or if continued vaccination in an area stops, the disease can
come back with terrible results. An example is found in the United States when
because of safety concerns many parents did not get their children vaccinated
against measles. The disease returned in 1989 with an epidemic of 55,000 cases
and 155 deaths attributed to measles.

The most famous vaccination occurred when Edward Jenner, a rural
English physician, noticed that milkmaids infected with cowpox did not become
infected with smallpox, an extremely virulent and deadly disease. Cowpox is a
mild virus that infects both cows and people. Jenner injected a boy with the serum
he obtained from cowpox blisters. Six weeks later, he injected the boy with serum
from a smallpox blister, and the boy showed no signs of the disease. From this
insight and the first clinical trial, modern vaccines were created. The name vaccine
comes from this first treatment or first vaccination. The word vaccine is derived
from the Latin word vaccinus, which means pertaining to cows.

Combining the vaccine with an aggressive World Health Organization
(WHO) campaign to vaccinate people whenever and wherever smallpox broke
out in the 1950s, 1960s, and 1970s resulted in the eradication of the disease. The
last known case of smallpox occurred in Somalia in 1977.

Every bit as dramatic is the reduction in polio cases in the United States.
During 1954, the year before the polio vaccine was available, doctors reported
18,000 cases of paralyzing polio, and three years later, a widespread program of
vaccination had reduced that number to 2500. The WHO is working to rid the
globe of polio just as it did with smallpox in the 1970s. Following the same types
of programs used against smallpox, the WHO was able to reduce the total
number of cases of polio worldwide to 537 in 2001. The disease has been
completely eliminated from the Western Hemisphere.

Infectious diseases preventable with the use of vaccine are as follows:

Anthrax

Cervical Cancer

Diphtheria

Hepatitis A

Hepatitis B

Haemophilus influenzae type b (hib)
Human Papillomavirus (HPV)
Influenza

Japanese Encephalitis (JE)
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Lyme Disease

Measles

Meningococcal

Monkey Pox

Mumps

Pertussis (Whooping Cough)
Pneumococcal
Poliomyelitis (Polio)
Rabies

Rotavirus

Rubella (German Measles)
Shingles (Herpes Zoster)
Smallpox

Tetanus (Lock Jaw)
Tuberculosis

Typhoid Fever

Varicella (Chicken Pox)
Yellow Fever

Vaccines are extremely cost effective. The small price for a vaccination
eliminates the need for potential hospitalization or major home care. It is not
unusual to see cost benefits for vaccines quoted at five times to hundreds of
times the actual cost of the vaccine. Vaccines are preventative medicine at its
best. The minor inconvenience of obtaining a vaccination in one of its many
forms eliminates weeks of illness and possible hospitalization.

Types of Vaccines

There are a number of different types of vaccines—all of which are difficult to
package. Each type of vaccine is produced in a different way and has different
requirements for proper protection and distribution of the material.

Types of vaccines

Live attenuated
Inactivated

Toxoid

Subunit

Conjugate

DNA

Recombinant vector

Live Attenuated Vaccines

Live attenuated vaccines are some of the most successful against tropical dis-
eases. Because the vaccine contains live but weakened microbes or virus, it
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produces one of the strongest responses by the body’s immune system to the
disease. This type of vaccine usually confers immunity with one dose and rarely
requires a booster or subsequent revaccination. This is important in remote areas
where access to any health care is almost nonexistent. Typically a health care
worker will touch these areas infrequently. The chance of getting people in
remote regions back for multiple booster shots of a vaccine is small.

A live attenuated vaccine offers the best chance for success in remote areas
and populations. One group vaccination of a village or remote group not only
confers artificial immunity on each individual but also provides a measure of
herd immunity or community immunity to the village and geographic area. New
members of the community and members of the community not present for the
vaccination program benefit from an area free from the disease and free from
individuals becoming infected and passing the disease on to other members of
the community. The new members of the community require vaccination, but
unless they come in contact with the disease from someone outside the group,
they are much less likely to contract the disease.

Packaging of a live attenuated vaccine is challenging. It requires not only
the standard development of a vial or ampule for injection but also the devel-
opment, testing, and certification of bulk containers needed to maintain a uni-
form product temperature during shipment.

The products require refrigeration to maintain product temperatures between
2°C and 8°C. Live attenuated vaccines cannot be frozen, and they rapidly lose
potency when subjected to heat. Because these vaccines are used in some of the
most remote parts of the world, pallet-load quantities of product must be main-
tained at these temperatures for as much as 96 hours without any external refrig-
eration. A majority of shipments are to the tropics, which makes this requirement
difficult to achieve. Specially lined pallet-size containers, using polystyrene foam
as the insulation material, is the outer protection most often employed. Along with
insulating the shipping container, provisions within the container are made for gel
packs or cold packs that maintain the temperature range inside the package.

In some cases, the bulk pallet packaging is subdivided to permit a
breakdown of the shipment at a distribution point and further transport of smaller
packages to remote areas. The packaging may also require a complete kit for
administration. The kit includes all the syringes, chemicals, and coverings
needed for administering the vaccine. The patients may range from infants to
adults. Design and development of cost-effective administration kits that are
easy to use form part of the packaging design for mass immunization.

Primary packaging of vaccines is for the most part the same as that used
for parenteral drugs. Glass vials and stoppers are the primary packaging com-
ponents for the vaccine solution. The packages must be inert to interaction with
the vaccine and any adjuvant, a compound added to a vaccine to improve its
effectiveness. Along with the vaccine and its adjuvant, the packaging must be
suitable for any diluents used in its manufacture.
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Because the products are shipped to areas beyond normal cold chain dis-
tribution, many of the packages include some types of temperature indicators.
These indicators change color when subjected to heat beyond the acceptable
range for different periods of time. This hopefully alerts the health care worker to
a problem and prevents the use of products that are no longer effective.

Inactivated Vaccines

Inactivated vaccines use the same microbes as live attenuated vaccines. Instead
of using a microbe or virus that is weakened, this type of vaccine uses a microbe or
virus that has been “killed.” The disease-causing microbe is killed with heat,
chemicals, or radiation and cannot harm the body. This makes the vaccine easy to
dry and transport and very stable over a wide temperature range. These vaccines are
usually supplied in freeze-dried form making them very accessible to people in
remote areas or developing countries. They do not require refrigeration.

Packaging of inactivated vaccines requires the addition of sterile water or
saline solution to the “kit” used in the field. Clean water is a major problem in
the developing world, and the vaccine must be reconstituted with a diluent that
will not transmit another disease. Chemicals for sterilizing needles and other
administration items are sometimes packaged with the vaccine, but most often
these are supplied separately.

A major problem with inactivated vaccines is the milder response of the
immune system to the product. These products do not produce a response strong
enough to create lifelong immunity. The products almost always require booster
shots, with the same packaging as the initial dose.

Toxoid Vaccines

Toxoid vaccines teach the body how to fight a harmful chemical called a toxin.
Toxins are first produced in a bioreactor and then inactivated by treatment with
formalin, a combination of formaldehyde and sterile water. This produces a harmless
substance called a toxoid that can be used to train the body to handle the more
dangerous toxin from the infection. The immune system learns how to lock on to the
toxin and make it inactive. This is the body’s way of producing a chemical block.

Packaging for toxoid vaccines is similar to that used for most inactivated
vaccine products. They may be liquids or can be freeze-dried and are supplied in
glass vials with stoppers, the typical parenteral packaging unit.

Subunit Vaccines

Subunit vaccines take the idea of an inactivated vaccine one step further. These
vaccines use only one component of the offending microbe or virus to train the
immune system. The part of the microbe used for subunit vaccines is the anti-
gens. These are the chemical fingerprints found on the surface of a bacterium or
virus that alerts the body to an invader and initiates the internal mechanism that
identifies and fights the offending microbe. Some of the newer forms of subunit



Vaccines and Biologically Produced Pharmaceuticals 105

vaccines take this even further by using only the epitopes, the very specific part
of the antigen that disease-fighting T-cells identify and bind to. The major
advantage of subunit vaccines is the fact that they only use a part of the microbe,
and thus have a lower risk of adverse reactions than other types of vaccines.

Packaging may come into play during multiple parts of the manufacture of
subunit vaccines. After the antigens are identified, a bacteria strain is cultured and
grown on an industrial scale to produce large quantities of the antigen. The bacteria
are treated with various chemicals and enzymes that break down the microbe and
permit the harvesting and separation of the antigens. A subunit vaccine normally
contains more than one antigen and may contain 20 or more antigens.

Reusable packaging is needed if a time lag is incurred between the different
steps in the process, and then more standard packaging that addresses protection
and transportation needs is applied to the completed product. Parenteral vials,
ampules, and prefilled syringes have all been used to package these products.

Hepatitis B vaccine is a subunit vaccine that uses rDNA technology to
produce the antigens. Genes from hepatitis B that encode the antigen are placed
into baker’s yeast. This is then grown and harvested for the antigens.

Conjugate Vaccines

Conjugate vaccines are a way to develop vaccines that are effective for infants and
young children whose immune system cannot recognize or do not react to other
forms of a vaccine. Bacteria that have a polysaccharide coating are able to hide
their identifying antigens under this shell. Infants and young children’s immune
systems do not recognize this type of invader and do not respond to the disease.

Conjugate vaccines are a form of subunit vaccines. They link the poly-
saccharide to antigens or toxoids that the infant or young child’s immune system
can identify. This permits the immune system to react to the polysaccharide and
identify and defend against the invading bacterium.

Packaging for these vaccines is similar to that used for subunit vaccines.

DNA Vaccines

DNA manipulation is still an experimental technique undergoing development to
produce the next generation of vaccines. DNA vaccines are in development and
testing for malaria, HIV, herpes, and influenza.

Scientists using this technique can now identify the genome of an
offending bacterium or virus and use only those parts of the genome that produce
the microbe’s antibodies. These are the parts of the gene that can be engineered
into an effective vaccine. By using only the genes within the offending microbe
that produce the antigens and placing them in a form that can be taken up by
some cells within the body, they stimulate these cells to make and display on
their surface or release into the bloodstream the same antigens that the dangerous
organism displays. DNA vaccine systems make the body’s own cells replicate
and display on their surface the dangerous microbe’s antigens. These cells with
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foreign antigens on the surface or the free antigens they release then stimulate
the body’s immune system to recognize and defeat the invading organism. In
effect, our body’s own cells become a bioreactor to create the vaccine. Think of
it as internal vaccine-producing factories built into our cells.

These vaccines are safe because they contain only a fraction of the offending
bacterium’s gene. They are relatively easy to make and are much less expensive
than vaccines made with current techniques. These vaccines also promise to reduce
the current manufacturing cycle for a new vaccine. This is important for vaccines
used to prevent influenza, which now require the Center for Disease Control (CDC)
and others to predict what strains of flu are included in the vaccine each year.
Vaccines can contain some but not all the possible influenza components, and a
determination of which five to include is made by the CDC each year. Shortening
the period between identification and delivery reduces the possibility that the virus
will mutate, and the vaccine originally designed for flu season will be ineffective.

The vaccine is administered by needle and syringe, or it can be shot into
the patient using high-pressure gas. The high-pressure direct injection method
forces DNA-coated gold particles through the skin and into the cells. This type of
vaccine is sometimes called a “naked DNA vaccine.” Another technique mixes
the DNA vaccine with molecules the body absorbs quickly into cells.

Recombinant Vector Vaccines

Recombinant vector vaccines use attenuated or noninfectious microbial DNA
cells that produce the desired antigens and introduce them into the body using a
host organism (7). The term “vector” refers to the host virus used to carry the
microbial DNA into the subject’s body and inject it into cells. In this technique,
the attenuated or benign virus receives genetic material from the disease-causing
virus. It then carries that DNA into other cells. The advantage of these vaccines
is that they closely mimic the real disease-causing microbe and create a strong
immune response in the body.

This technique is used in a little different way for bacterial response. A
benign or attenuated bacterium is given the antigen-producing DNA from a dan-
gerous microbe. The bacterium uses the genes to produce and display the antigens
of the dangerous microbe on its surface. The benign bacterium with the new genes
is then treated and destroyed by the body in the same way as the dangerous
pathogen would be treated while conferring immunity on the subject. An equine
recombinant vector virus was approved in 2005 for veterinary use. This technique
remains experimental in humans. Both the FDA (1) and the European Medicines
Agency (EMEA) (7) are following developments in this technology closely.

Combination Vaccines

Combination vaccines are used to deliver multiple products to the subject in one
dose. Children are required to receive a DTP (diphtheria/tetanus/pertussis)
injection and an MMR (measles/mumps/rubella) vaccination before attending
school in almost every state.
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Combination vaccines provide a number of benefits. They reduce the
number of a doctor’s visits a child requires to gain immunity to many dangerous
diseases and thus reduce the overall cost of health care. They are of benefit to
parents because they reduce the number of times a child must see a doctor or
health care professional for the initial vaccination and booster shots, improving
the likelihood of complete immunity in the child.

The amazing thing about the child’s body is the number of T-cells and B-
cells the immune system maintains to fight an infection. There are billions of
these cells circulating constantly in our bodies. There is more than enough on
hand to fight the multiple components of a combination vaccine.

Other Vaccine Components

Vaccines contain ingredients designed to enhance and improve the immune
response of the body. These ingredients are called adjuvants. The only types of
adjuvants approved for use in the United States are aluminum salts. The com-
pounds perform a number of different actions. They bind the antigens in the
vaccine; they deliver antigens to the lymph nodes, one of the key components of
the immune system; they help retain the vaccine at the site of the injection; and
they are taken up by the macrophages permitting these cells to better present the
antigen to the lymphocytes. The slow release of the vaccine caused by the
aluminum salts increases the body’s response to the antigen, as does the help it
provides in presenting the antigen to the lymph nodes.

Other components in vaccines are antibacterial compounds, thermal and
chemical stabilizers and buffers to help the vaccine maintain potency when
exposed to high temperatures, and diluents to standardize the vaccine dose.

By law vaccines in multi-dose vials must contain a preservative (Table 4).
The Code of Federal Regulations [21CFR 610.15(a)] requires that a preservative
be present in levels that are nontoxic and persistent enough to maintain sterility
of the product throughout its shelf life (8). The antibacterial and antifungal
compounds are designed to keep the vaccine sterile. Infections have been
transmitted from patient to patient by contaminated vaccines. The vaccines
become contaminated through multiple punctures (needlesticks) through the seal
of multi-dose vials. The addition of antibacterial or antifungal preservatives to
keep a vial of product sterile while in use is part of multiple dose—packaging
design. The FDA (8) has approved a number of these compounds, but one
material, thimerosal, has been controversial in recent years.

Thimerosal is an organomercurial that has been used in vaccines since the
1930s as a preservative. The body can metabolize this substance into ethyl-
mercury and thiosalicylate. It has been extremely effective in preventing
microbial growth in vaccines. During the late 1980s and early 1990s questions
regarding its safety in infants were raised. Particularly, questions about a link
between vaccines containing thimerosal and autism, attention deficit hyper-
activity disorder (ADHD), and speech and language delay were examined. The
Institute of Medicine, specifically the Immunization Safety Review Committee,
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Table 4 Preservatives used in U.S.-Licensed Vaccines

Preservative Vaccine examples (trade name)

Thimerosal DT
Td (several manufactures)
TT (several)Influenza (several)

2-phenoxyethanol and [PV (IPOL; Sanofi Pasteur, SA, Lyon, France)
formaldehyde DTaP (Daptacel; Sanofi Pasteur Ltd., Lyon, France)
Phenol Typhoid Vi polysaccharide (Typhim Vi, Sanofi Pasteur,

SA, Lyon, France)
Pneumococcal polysaccharide (Pneumovax 23, Merck &

Co. Inc.,
West Point, Pennsylvania, U.S.)
Benzethonium chloride Anthrax (Biothrax; BioPort Corporation, Michigan, U.S.)
(phemerol)
2-phenoxyethanol DTaP (Infanrix; GlaxoSmithKline Biologicals, Rixensart,
Belgium)

Hepatitis A/hepatitis B (Twinrix; GlaxoSmithKline
Biologicals, Rixensart, Belgium)

Abbreviations: DT, Pediatric Diphtheria and Tetanus vaccine; Td, Adult/Adolescent Tetanus and
Diphtheria vaccine; TT, Tetanus Toxoid; IPV, Inactivated Polio Vaccine; IPOL"™, Poliovirus Vaccine
Inactivated, produced by Aventis Pasteur SA; DTaP, Pediatric Diphtheria, Tetanus and Acellular
Pertussis vaccine.

Source: U.S. FDA, CBER.

examined this issue and on October 1, 2001, issued a report stating that the
evidence gathered was insufficient to accept or reject a causal relationship
between this chemical and the disorders. In 2004, the Committee issued a final
report using epidemiologic evidence from the United States, Denmark, Sweden,
and the United Kingdom stating that the data favor a rejection of any link
between these disorders and thimerosal.

The FDA has worked with manufacturers to eliminate thimerosal (8) from
vaccines and thus limit infants’ exposure to mercury. Because of this effort, the
majority of vaccines that once contained thimerosal are now supplied in thi-
merosal-free versions, and new vaccines entering the market are thimerosal free
or only contain minute traces of the product.

Next Generation Vaccines

Vaccines are going to undergo significant change in the near future, and the
packaging for vaccines is going to change as well. Conventional shots for
immunity will be replaced by skin patches and sprays up the nose. Genetic
engineering of the various viruses also hold out the possibility that common
foods can be modified to express the antigens or other markers necessary to
trigger an immune response within our bodies. Transgenic animals may express
milk or other consumables that act as vaccines (6).
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The packaging changes are not far off. Already insulin and flu vaccines are
available in inhalable form. Sophisticated inhalers, developed with new pack-
aging, provide a simple and easy way to dose insulin without the needlesticks. A
flu vaccine for adults that is administered as a nasal spray has proven effective
and is available in limited quantities. These two examples are only the beginning
of how new biologic drugs and vaccines will be administered in the future.

SUMMARY

Biologics and vaccines, particularly the newer vaccines, are an area that will
undergo a great deal of package design and development. Our ideas about
injecting a vaccine into the body are giving way to a number of new methods for
introducing the vaccine into the body which are based on the many new methods
used for producing the vaccine products.

Biologic drugs will need significant package development. Protection from
light and heat will be the obvious changes, but the most significant changes will
come from new methods of delivery that make their use simple and foolproof for
the patient.
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4
Medical Foods

INTRODUCTION

Medical foods is a topic few people associate with pharmaceuticals. Many would
consider them a new direction for pharmaceutical products. Medical foods in
reality are products prescribed by a physician for a patient with a medical
problem. The medical food may be used to manage a disease or health condition,
or in the case of an infant, it may be the sole source of nutrition for the child
during its first year of life. Medical food sustains the patient under the care of a
physician over an extended period of time (1). Infant formula provides nutrition
to babies when the breast milk is unavailable or inadequate to meet the infant’s
nutritional needs. Both types of products have a variety of unique characteristics
and regulations required for manufacture and packaging. These requirements go
beyond those normally associated with foods and highlight some of the problems
of multiple agencies and multiple regulations affecting production.

Medical foods have high—unit volume packaging, meaning that the number
of packages produced is much higher in unit volume than the number of units
produced for most prescription drugs. They are regulated differently from
standard foods and fall into an intermediate regulatory-defined space between
consumer food products and true pharmaceuticals. As a product group, they are
used in hospitals, nursing homes, and individual patients’ homes. They are
administered by a wide variety of caregivers who possess a wide range of
training and skills. The packaging of both the food products and the medical
devices required for administration, if tube feeding or parenteral infusion is used,
requires understanding of the product composition; the types of diseases they
treat; the manufacturing, processing, and packaging operations that create them
as well as of the varying conditions under which they are administered.
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Packaging of these products must be easily understood by a wide variety of
caregivers with varying levels of training. The packages and the devices used to
administer the products must clearly differentiate between enteral and parenteral
feeding. The packages must protect the product without any adverse interaction
and provide a method to measure how much nutrition is being supplied to the
patient in a 24-hour period. Packaging is an integral part of the design of a
product and the method used to manufacture it. In aseptic manufacturing, it is
integrated into a complete product delivery system and receives as much scrutiny
as the product and the equipment. Packaging of parenteral nutritional products is
similar to that used for parenteral drugs, and the differences between the two
parenteral products are discussed in this chapter.

Medical foods come in two different forms, enteral and parenteral (1).
Enteral nutrition is taken through the mouth and digested through the gastroin-
testinal (GI) tract; it can also be supplied to a specific section of the GI tract.
Parenteral nutrition is supplied directly into the circulatory system (1). Enteral
products are covered by the Federal Food, Drug, and Cosmetic Act (FFDCA) of
1938 and are classified as foods. This definition has been modified over the
years, but enteral products remain a specialized class of food. Infant formula is
covered by specific sections of the federal code. Parenteral products are fed
directly into the patient’s circulatory system and are considered drugs by the
Food and Drug Administration (FDA). Parenteral products require preapproval
by the agency even though they resemble enteral food products in chemical
composition.

HISTORY OF MEDICAL FOODS

Medical foods have developed rapidly over the last 50 years. During the 1930s
and 1940s elucidation and understanding of how metabolic pathways worked,
including their role in sustaining life, were the initial steps in understanding the
role played by food and how it was used by the body. Part of this understanding
lay in the unraveling of metabolic disorders and the role different food com-
ponents played in causing or mitigating the disorder. Further understanding of
the critical roles played by amino acids, fatty acids, vitamins, and minerals was
needed before a medical food could be formulated. Additional understanding of
the complete cycle of metabolism and the contribution of all types of nutritional
components such as proteins, carbohydrates, vitamins, minerals, fats, and fiber
also improved the formulation of medical foods.

Part of this increase in knowledge was the explanation defining a number
of metabolic diseases and the role specific foods or specific ingredients in
food played in their manifestation. Medical nutritional products were devel-
oped for two reasons: to support hospitalized patients who exhibit metabolism
disorders and the recognition that hospitalized patients have specialized
physiological and nutritional needs and requirements. Some of the key
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requirements for medical nutritional support of hospitalized patients include
the following:

® An increased need for protein by patients suffering from severe trauma or
sepsis.

® Malfunctions of the organs that process food or food metabolites (e.g., the
kidneys, stomach, pancreas, liver, and intestine).

e Obstruction or resection of the bowl or GI tract that restricts the patient’s
ability to absorb nutrients.
Diseases of the GI tract.
Treatment procedures for a disease or injury such as cancer, AIDS, and
burns that physically impair the GI tract and the patient’s ability to ingest
nutrition. This includes dysphagia and the complete loss of appetite during
radiation and chemotherapies.

e Surgical procedures, including those that result in mechanical or anatomic
changes in the GI tract.

® Neurological disorders such as stroke, Alzheimer’s disease, cerebral palsy,
Parkinson’s disease, and multiple sclerosis.

e Patients, particularly infants, with inborn errors in metabolism, which
include homocystinuria, galactosemia, fructosuria, hyperlipoproteinemia,
phenylketonuria (PKU), and maple syrup urine disease (MSUD).

In the last point of the list above, the patients must avoid specific nutrients
or food components to prevent illness, mental retardation, or death, and they
must ingest specific and increased amounts of metabolites needed to stimulate
critical metabolic pathways.

REGULATORY REQUIREMENTS OF MEDICAL FOODS

From the very beginning of the FDA in 1906, there have been problems with
defining the interface between drugs and foods. This has been a particularly
difficult area to regulate because foods can and do make claims that change
physiology and thus fall into the definition of a drug. The FDA, throughout its
history, has pursued regulatory and legal action against products and companies
producing medical foods and infant formula that make unique or special dietary
claims that are similar to drugs without scientific substantiation. It is very dif-
ficult to make this distinction and is even more perplexing when one considers
normal (consumer) foods come with labeling that makes health claims (disease
prevention claims) such as lowering cholesterol or claims made by dietary
supplements that are permitted as “structure function claims” as defined by the
U.S. Congress in 1994. Composition, manufacturing, and distribution of these
pseudo-foods also fall into the jurisdiction of a number of other agencies within
the federal government structure, including the United States Department of
Agriculture (USDA), while much of state law supports or mimics parts or all the
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federal regulations (2). This is one reason medical foods and infant formulas are
restricted by the unique regulatory demands and testing needs, including clinical
testing to a select group of manufacturers. Most of the regulatory aspects are
detailed in the following sections of this chapter and are separated from the
regulatory overview of chapter 5.

MEDICAL FOODS

Medical foods are the marriage of traditional food products and pharmaceutically
proven nutritional needs formulated into food products with specially designed
nutrient attributes. These two industries come together in unique products that
shape a stabilizing effect or actual improvement in a patient’s condition through
nutrition. They may be used exclusively or with other medications and food
supplements to treat a disease or chronic condition. They are used in hospitals to
supplement or sustain patients in need of nutrition. Sick people do not always
have the appetite or the ability to consume enough calories and other nutrients
needed to combat disease, sustain and enhance the immune system, recover from
surgery, or maintain body weight. The use of both enteral and parenteral medical
foods for hospital patients, nursing home patients, and people in home care have
greatly contributed to their overall improvement and well-being during a
recovery from surgery or disease.

Medical nutritional products are used to sustain patients in a coma or in
situations in which they cannot feed themselves. They also provide unique
combinations of nutrients that address and help manage conditions like diabetes
or provide a unique blend of digestible ingredients to improve the well-being of
patients suffering from a number of different medical conditions.

Medical foods are an emerging new product area for pharmaceutical
companies and food companies. Both manufacturers see the opportunity to
extend their traditional strengths and product offerings into a new area.

Medical food products must not be confused with or promoted by com-
panies to satisfy a consumer demand for health and wellness alternatives to
existing food products. Medical foods are distinct from products marketed to the
public at large and are used under the supervision of a physician.

Pharmaceutical companies see these products as another method for
treatment of difficult chronic conditions, as ways to enhance the body’s ability to
resist disease, or as ways to mitigate the effect of treatments that insult the body
(e.g., radiation or chemotherapy used for cancer treatment).

“Nutraceutical” is a new term used to describe medical foods, although its
meaning is not as specific as it sounds. It has crept into the vocabulary of the
press and general public to describe medical foods. The definition of the word is
as follows: “A nutraceutical is a food or a naturally occurring food supplement
thought to have beneficial effect on human health.”

Medical nutritional or nutraceutical products encompass both enteral and
parenteral dosage methods and combine multiple ingredients to achieve a
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clinically proven therapeutic effect. They are distinctly different from vitamins
and supplements. The proven medical benefit is supported by clinical research
with a patient population random enough and large enough to determine the
benefits and shortcomings of a product. Products with clinically proven claims
do not rely on anecdotal evidence for support.

Medical foods, in contrast to vitamins and supplements, have their claims
closely regulated. Both the FDA and the Federal Trade Commission (FTC)
monitor and challenge the claims made by manufacturers of this subclass of food
products. The FTC becomes involved if a medical food is marketed to the public
at large. The claims are not as expansive as drugs, and support the way the
product, most likely in combination with other products, improves the patient’s
well-being. They are positioned in what is considered a gray area of pharma-
ceutical products between foods and drugs.

Packaging and labeling of medical foods are very specific. Labeling has
been exempted from standard food and nutritional labeling requirements but still
must meet a rigid and unique set of requirements that state definitively that it is a
medical food. The label must state that the product is directed toward treating or
managing a specific medical condition or medical disorder. A good example of
this type of labeling and the type of product it describes is found on labels for
foods formulated to be free of the amino acid phenylalanine for treatment of
PKU. Examples of other chronic conditions treated with medical foods and
labeled as such include anorexia, hypermetabolism, malabsorption, atrophy of
various organs, impaired cell-mediated immunity, and anemia.

Medical foods must not be confused with foods that are part of a healthy
diet or foods that are marketed to decrease the risk of disease. Examples of
products promoted or classified as regular foods and considered part of a normal
diet include fat-free foods, low-sodium foods, or foods marketed to promote
lower cholesterol or a healthy heart. Medical foods used for weight loss are
highly specialized food forms, including liquid diets that are used under the
supervised care of a physician.

The FDA has seen a marked increase in the number of products being
marketed as medical foods during the last 10 years. This is happening in
response to greater awareness by the medical community regarding the role of
nutrition in patient’s well-being and as understanding of food’s role in patient’s
recovery from disease, surgical intervention, or in metabolic conditions becomes
better understood.

COMPOSITION AND FORMULATION
OF MEDICAL NUTRITIONAL PRODUCTS

The basic idea behind any medical food is that a combination of traditional food
products formulated in a unique way can treat or help the patient with a medical
condition. It combines the idea of good nutrition with active or modified ingredients
that produce a clinically substantiated outcome to a condition or disease. This type



116 Chapter 4

of thinking is new to the public at large but not new when you think of specialized
products that address nutrition and therapeutic needs of specific patient groups.

Medical nutritional food products comprise the same ingredients as regular
foods including protein, carbohydrate, fat, fiber, and water along with vitamins
and minerals. The recommended daily allowance (RDA) of food is the basis for
formulation of complete foods and is considered when specialized medical
nutritional products are used to support a patient. Included in every hospital staff
is a trained dietician to advise and assist with nutritional requirements of oral
diets and the diets of special needs’ patients, including patients supplemented or
sustained by enteral feeding. Additional supplements may be needed when a
disease or the medication used to treat a disease interferes with nutrient function
and metabolism or if they decrease nutrient absorption or synthesis.

Formulas may be polymeric, that is, containing intact protein and other
intact nutritional components, or they may be partially hydrolyzed by enzymatic
action into smaller components of these molecules. Partially hydrolyzed for-
mulas have unpleasant odors and taste.

Medical foods are chosen on the basis of the patient’s absorptive or
digestive capacity. The various components comprise the essential elements
needed by a patient to sustain the body.

Protein sources are predominantly based on soy or casein. Protein may be
intact or partially or completely hydrolyzed. Intact protein molecules are high-
molecular-weight molecules, while hydrolyzed protein consists of smaller
fragments called polypeptides. Enzymes produce the polypeptide from the intact
protein. The enzyme breaks down (digests) the protein into smaller fragments
called oligopeptides, and still smaller species called di- and tripeptide fragments.

Carbohydrates are the next component of enteral nutritional formulas.
They are primarily derived from cornstarch or maltodextrin. Carbohydrates
consist of starch, disaccharides, which may be sucrose (composed of glucose—
fructose), maltose (composed of glucose—glucose), or lactose (composed of
glucose—galactose), and other small sugars, along with monosaccharides such as
glucose, dextrose, and fructose.

Another component of an enteral formula is fat (Fig. 1). Fat comprises
saturated fatty acids, polyunsaturated fatty acids, and medium-chain trigly-
cerides. Fat in enteral food formulas improves the palatability of the product and
also improves the mouth feel and flavor of the product when taken orally. A
variety of vegetable oils are the source of fatty acids in the formulas, with a key
component being linoleic acid (Fig. 1). Fat calories are a key component of the
total nutritional energy provided to the patient.

Vitamins and minerals are essential to the body and to the nutrition pro-
vided by an enteral formula. Enteral products are designed to meet the complete
vitamin and micronutrient needs of the patient. Some disease-specific formulas
are incomplete in their vitamin and mineral makeup when required to treat a
specific metabolic condition of the patient. Disease-specific formulas are
designed to treat specific organ dysfunction or metabolic stress. Fat-soluble
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vitamins may be indicated for patients with specific vitamin deficiencies. An
example would be vitamin K, a nutrient that is normally produced by the
intestinal flora of the GI tract. This type of deficiency is rare, but most enteral
formulas contain some amount of vitamin K.

The last two components of an enteral formula are fiber and water. Fiber is
made up of insoluble fiber such as cellulose and hemicellulose and soluble fiber
comprising pectin, mucilage, algal polysaccharide, and gum. The normal amount
of fiber in a nutritional product is 5 to 14 gm/L, and the most commonly used
source of fiber is soy polysaccharide.

The amount of water in an enteral product is expressed as water content or
moisture content. The total quantity of water is expressed as milliliters of water
per liter of formula or milliliters of water per 1000 milliliters of formula. Most
enteral formulas range between 690 and 860 mL of water per 1000 mL of
formula. Nutritional formulas for adults contain 10 cal/cc of formula or 1.5 to
2.0 cal/cc of liquid. This is a lot of nutrition in a small volume of product.

Medical foods are classified into four different and distinct categories:

Nutritionally complete products
Nutritionally incomplete products

Formulas for metabolic or genetic disorders
Oral rehydration solutions

-

Nutritionally Complete Products

Nutritionally complete products are exactly what the name says—products that
deliver a diet sufficient in protein, fat, carbohydrates, vitamins, and minerals to
sustain a patient receiving no other source of nutrition. The products may or may
not contain fiber. The products are used to support patients with a wide variety
of medical conditions. The products vary in composition from natural or whole
food components, intact protein, long-chain fats, and complex carbohydrates
to those with partially digested or partially reduced components such as
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medium-chain triglycerides, simple sugars, and amino acids. Caloric density, the
amount of energy delivered by a standard amount of the medical nutritional
product, is another variation in this class of products.

Nutritionally Incomplete Products

Nutritionally incomplete products are generally referred to as modular products.
These products may contain only a single nutrient or a limited group of nutrients that
are insufficient to maintain the patient by themselves. Modular components provide
flexibility in the nutrition delivered to a patient and can, when combined, be for-
mulated into a nutritionally complete product. The major problems with incomplete
products are the training and education necessary to avoid microbial contamination
from environmental factors when they are combined or mixed, the expense of
multiple components, the potential for additional nutritional problems due to the
lack or excess of specific nutrients in the blended formulas, and the lack of sufficient
skilled labor in many institutions to mix the components in the proper order.

Formulas for Metabolic or Genetic Disorders

Formulas for metabolic or genetic disorders are made for patients with specific
inborn errors in their metabolism, such as cystic fibrosis, propionic academia, PKU,
or MSUD (3). Although these products compositionally are not complete in the
normal sense, they are complete in providing all the nutrition needed by a person
with one of these metabolic disorders. For infants and juveniles, they provide
complete nutrition for growth and development while managing the metabolic or
genetic disorder. Patients under this type of care normally see their histopathology
change over time. These changes require modification of the modular formula in
new and different directions and are one of the more difficult decisions a physician
must make because the change may be in an unknown or unusual direction.

Oral Rehydration Solutions

Oral rehydration solutions are products used to rehydrate the body enterally with
both water and electrolytes. The products are manufactured for infants and adults
with varying amounts of sodium, potassium, citrate, dextrose, and sterile water. An
analog to such products is found in parenteral solutions used to maintain or replace
water in the body. Infants and adults suffering from severe diarrhea are treated
with rehydration products to maintain electrolyte balance and hydration of the
body. Probably the best consumer analog to this class of products is Gatorade™.

ENTERAL PACKAGING

Packaging of an enteral product in cans and glass bottles uses the same tech-
niques and processes as consumer products in the same packages. The package
must be able to withstand the sterilization or processing of the product discussed
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later in the chapter and must also be able to protect all of the food components
from degradation over an extended period of time, typically one to three years,
which is required to meet the needs of the health care distribution system.
Packaging, processing, and the product itself are inextricably linked in providing
enteral nutrition to critically ill patients.

Medical nutritional products typically come in two forms, powders or
liquids. The types of packaging used for medical nutritional products include
metal cans, glass bottles, plastic bottles (multilayer), plastic films (multilayer),
paperboard composites, pouches, and laminated multilayer plastic structures.

MEDICAL FOOD ADMINISTRATION TO THE PATIENT

Medical foods are delivered to the patient using either enteral or parenteral
routes into the body. Both forms used are complementary to each other; how-
ever, the preferred method of administering nutrition to a patient is through the
enteral route using the GI tract. Oral feeding of a patient via the mouth is always
best when possible, but when problems with swallowing, impairment from
stroke, or the presence or absence of dysphagia, along with other problems
prevent a patient from eating or drinking normally, enteral nutrition is used.
Enteral nutrition is used to support patients when the GI tract is functioning
properly. Many times you will hear doctors comment, “When the gut works and
can be used safely, use it.”

The majority of patients supported by oral means use medical foods. The
medical foods supplied for oral intake are a form of a tube-fed product that is
made appealing and tasty to the patient. Hospitals provide a variety of specialized
diets and dieticians who work in conjunction with physicians to determine and
support unique nutritional needs of patients. Nutrition for patients who can
swallow or eat on their own is supplied in the form of liquid products, although
some solid food may be included with a medical nutritional liquid. The liquid
form of the nutritional product is used because it is easier for patients to drink than
to eat, and liquid products are typically easier for a patient to digest. These
products can supply the calories needed by the patient in a concentrated form
when they cannot eat a sufficient volume of food. One drawback to liquid feeding
is that many patients find it less satisfying and less filling than solid food.

Feeding patients usually progresses through three different stages. In the
first stage, the patient eats or drinks a regular or modified diet; in the second
stage, the regular or modified diet includes supplements; and in the third stage,
tube feeding supports the patient who is unable to ingest food. Enteral nutrition
provides the calories a patient needs when he/she cannot support his/her nutri-
tional needs through oral intake of food products.

The term “enteral feeding,” although applicable to oral feeding, typically
refers to tube feeding. Oral feeding of a patient is always preferred, and tube
feeding is used only when oral feeding is not possible. Tube feeding is instituted
when the patient has trouble swallowing or when other physical problems
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prevent the patient from taking food orally. Enteral feeding involves adminis-
tration of food products through a tube directly into the GI tract. It provides
many benefits to the patient. Food in the GI tract promotes blood flow, secretion
of hormones, and GI tract integrity; prevents the translocation of bacteria from
the gut; and even in small amounts maintains the trophic or minimum nutritional
level needed for several gastric hormones. Parenteral nutrition cannot supply
glutamine, a key source of nutrition for the small intestine.

Tube Feeding

Enteral nutrition uses a tube placed in a specific portion of the GI tract to feed
the patient. Enteral food products, when administered via a tube placed in a
specific position of the GI tract, use a number of different medical devices such
as pumps, tubes, endoscopes, and other surgical equipments to put in place and
maintain the feeding system along with the specially designed and prepared food
product. The packaging of the product is an integral part of the system along with
all the related medical devices, and everything works in combination to deliver
the product to the GI tract of the patient.

Tubes are placed into the GI tract of the patient in two ways, either via the
nose (nasoenteric) or via a direct surgical incision in the abdomen and the
stomach (4).

Nasogastric tubes are passed through the nose and placed in different
portions of the patient’s GI tract depending on need. Nasal tubes are only used
for a short period of time, usually six weeks or less. The names associated with
this type of tube feeding refer to their placement in the GI tract and include
nasogastric, nasoduodenal, and nasojejunal tubes. One sidelight is prisoners
refusing to eat are force-fed using nasogastric tubes.

The second method of tube placement is tube enterostomy. This is a sur-
gical procedure that may be performed laparoscopically, percutaneously, or by a
regular surgical operation. The tube is placed in the same position in the GI tract
as with the nasoenteric method, and the terms used to describe these tubes are
much the same. The most common placement of a tube in a patient via surgical
means is called a PEG (percutaneous endoscopic gastrostomy). Other examples
include esophagostomy, percutaneous endoscopic jejunostomy (PEJ), needle
catheter jejunostomy (NCJ), operative laparoscopic gastrostomy, and operative
laparoscopic jejunostomy.

The gastric feeding tube or “G-Tube” provides a long-term solution to
feeding patients with conditions that prevent them from taking nutrition by
normal (oral) means. Conditions that require tube feeding include stroke,
esophageal atresia, and tracheoesophageal fistula. The G-tube is also used to
prevent the occurrence of aspiration pneumonia. Feeding tubes surgically
implanted are used to maintain the weight of patients who cannot take enough
food orally to avoid malnutrition or weight loss. They can be used in reverse to
empty the contents of a patient’s stomach.
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A jejunostomy tube is similar to a gastric tube but is placed in the jejunum,
the portion of the small intestine between the duodenum and the ileum. They are
used when the upper GI tract must be bypassed. These tubes differ from the
standard G-tube in the use of a smaller diameter tube with a finer bore.

All of these components used for tube feeding must be packaged and
sterilized. Radiation and gas sterilization using ethylene oxide are the two most
common methods for sterilization and both require a package tailored to the
device and the sterilization method. Packaging can range from a thermoform tray
for the tube or a tray that is a complete kit that contains not only the feeding tube
but also all the other items needed to implant the tube. These kits are designed as
a one-time-use item.

Parenteral Nutrition

Parenteral nutrition is used to feed patients when the GI tract cannot be used
safely. Parenteral nutritional products are considered drugs and are infused
directly into a central vein or a peripheral vein of a patient. Parenteral nutrition is
used for the same reasons as enteral nutrition, that is, to prevent the effects of
malnutrition and to prevent or correct specific nutrient deficiencies in the patient.

Intradialytic parenteral therapy (IDPN) is a form of parenteral nutrition
used with patients undergoing hemodialysis. The parenteral product is delivered
during the dialysis treatment to retard or stop the effect of protein calorie mal-
nutrition, which occurs in 25% to 40% of patients undergoing chronic dialysis.

For both parenteral and enteral nutrition, 2000 to 2200 cal/day is required
to maintain body weight. The use of parenteral nutrition to supply less than
750 cal/day is considered supplemental.

Typical conditions that necessitate the use of parenteral nutrition include

e Crohn’s disease;

® obstruction secondary to stricture or neoplasm of the esophagus or stomach;

® Joss of the swallowing mechanism due to a central nervous system dis-
order, where the risk of aspiration is great (stroke);

® short bowel syndrome secondary to massive small bowel resection;

* malabsorption due to enterocolic, enterovesical, or enterocutaneous fistu-
las (parenteral nutrition being temporary until the fistula is repaired); and

* motility disorder (pseudo-obstruction).

PARENTERAL FORMULATIONS FOR INTRAVENOUS FEEDING

Parenteral nutrition comes in a number of forms. Each component is
packaged separately and must be designed to be easily blended into a com-
plete prescription determined by the physician. This is in contrast to enteral
nutritional products, which have moved away from individual components to
formulas that are specialized to treat diseases and conditions without the
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requirement of hospital, nursing home, or in some cases, family members
mixing the products.

Parenteral products require good aseptic technique in their blending to
avoid microbial contamination. Again, the design of the package components
aids in minimizing microbial problems; however, the multiple components put
together in a 1, 2, or 3 L bag for infusion present multiple opportunities for error.
This is one area where new and unique package design is improving the existing
product delivery systems. Many packages are similar to or the same as those
used for drug products, so the possibility of mix-up or error is always a problem.
Creative design and labeling can prevent errors in identification.

Fat emulsions are the primary source of calories in parenteral nutritional
products. A total of 15% to 50% of the total caloric content of a parenteral
nutritional product is delivered by fat. Fatty acid deficiency is a concern with this
type of energy delivery, and 2% to 4% linoleic acid (Fig. 1) is included as part of
the mix to avoid the condition.

Plasma triglycerides are used to determine the patient tolerance for the
amount of fat being delivered. Patients with severe liver disease, liver dys-
function, or hyperlipidemia AIDS have problems with high fat and have a
decreased ability to clear infused fat that must be treated cautiously with this
component of a parenteral nutritional mixture.

The carbohydrate requirement of the parenteral nutritional mixture is
another component that must be calculated by the physician. The body has a
limited ability to process glucose, and excess glucose is converted to fat, which
is an additional stress on the patient. Overfeeding with glucose can result in
hyperglycemia, fatty liver, and weight gain. This is avoided by calculating the
maximum carbohydrate tolerance rate using the following formula:

Maximum carbohydrate (g/day) =5 mg carbohydrate/kg/min
x ideal body weight (IBW) x 1.44

where 1.44 = (60 min/hr x 24 hr/day)/(1000 mg/g)

Electrolytes are the next component of the parenteral nutritional formu-
lation. The standard mix of electrolytes includes the following elements:

Sodium
Potassium
Calcium
Magnesium
Acetate
Gluconate
Chloride

There are a number of considerations for electrolytes. Potassium is normally
not included in standard electrolyte mixtures. Cramps may result from excessive
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potassium in the parenteral nutritional solution. Single electrolyte components are
available to tailor the electrolyte composition to individual patients. Nonstandard
electrolyte formulations must be formed with a balance of anions and cations.

A clinical pharmacist is consulted when designing nonstandard electrolyte
formulas for individual patient needs. Another concern with electrolyte com-
position is the amount of potassium prescribed for patients with renal impair-
ment, which requires caution and oversight of the physician.

Vitamin requirements of parenteral nutritional products are another part of
their composition. A typical vitamin profile includes

Vitamin A
Vitamin D
Vitamin E
Vitamin C
Thiamine (B;)
Riboflavin (B,)
Niacin (B3)
Pyridoxine (Bg)
Pantothenic acid
Folic acid
Biotin

Vitamin B,

Manufacturers prepare a standard premix package of the vitamins in the
above list, which is formulated to meet both the recommendations of the
American Medical Association (AMA) and the FDA-recommended allowances
of the vitamins. Vitamin C in the form of ascorbic acid may be increased in the
formulation for wound healing during critical illness or to enhance immune
system response. Vitamin premixes can be packaged as liquids or powders. In
liquid form, the premix may have two phases, one phase for fat-soluble vitamins
and another for water-soluble vitamins.

Trace elements are the final components determined by the doctor, dieti-
cian, and clinical pharmacist in a parenteral nutritional product. Trace elements
are added to avoid a clinical deficiency or to treat individual deficiencies of one
or more trace elements. A standard list of trace elements includes

Zinc
Copper
Manganese
Chromium
Selenium
Todide

Iron is not part of a single trace element package and normally does not
need to be added for patients on parenteral nutrition for a short period of time.
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A parenteral form of iron (iron dextran) is used when needed as an injection
product, but it has the potential to cause allergic reactions. Iron supplementation
is normally part of enteral nutrition, and most patients have sufficient stores of
iron in the body for short durations of parenteral feeding. Patients may have one
or more trace elements increased to meet high metabolic needs. Zinc and
chromium may be increased in patients with high GI fluid losses.

Infant Formulas

Infant formula provides nutrition to newborns when their mothers cannot provide
adequate nutrition by breast-feeding. Infants born with allergies or partially
developed digestive systems benefit from infant formulas that eliminate aller-
gens until their bodies can handle them properly, and infant formulas based on
partially digested ingredients permit the newborns with underdeveloped diges-
tive systems to develop in a normal manner.

Infant formula products must meet a specific set of regulations. These foods
provide the nutrition an infant needs to grow in a healthy manner. Infant formulas
contain far more than milk and corn syrup that many people think are their
ingredients. Trace minerals, vitamins, and ingredients that provide the small bodies
with concentrated energy to sustain rapid growth during the first year of life are all
part of the infant food formula delivered to the child. Infant formula should be used
throughout the entire first year of an infant’s life and should be used in combination
with solid cereals and other foods to transition the infant from a liquid to solid diet.

The FDA defines infant formula as “a food which purports to be or is
represented for special dietary use solely as a food for infants by reason of its
simulation of human milk or its suitability as a complete or partial substitute for
human milk” [FFDCA 201 (z)]. Infant formula is a food, and the laws and
regulations pertaining to foods are applied to infant formula. A number of
additional regulatory and statutory requirements also apply directly to infant
formula because it is the sole source of nutrition to the most helpless part of our
population during the child’s critical period of growth and development. The
additional requirements are part of section 412 of the FFDCA. The regulations
that implement section 412 are part of 21 CFR 106 and 107 (5).

Within the FDA, a number of different offices work together to regulate
infant formula products. Three different offices are responsible for infant formula
regulation. The offices are The Center for Food Safety and Applied Nutrition
(CFSAN, a division of the FDA); the Office of Nutritional Products, Labeling, and
Dietary Supplements (ONPLDS); and the Office of Food Additive Safety (OFAS).
Each individual office of the agency is responsible for oversight into different
aspects of infant formula.

The ONPLDS reviews and evaluates product submissions to determine if
an infant formula manufacturer has met the requirements under section 412 of
the FFDCA. This office consults the OFAS, which reviews the suitability and
safety of ingredients used in the manufacture of the formula. This office is also
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responsible for suitability of the packaging of the infant formula and reviews
packaging materials, closure methods, and other issues related to the packaging.
The packaging is required to meet all requirements of current good manufacturing
practice (CGMP) during procurement, manufacture, and testing. The OFAS
evaluates the safety of materials and substances that are used in or come in contact
with the formula as outlined in sections 201 (s) and 409 of the FFDCA.

The components of an infant formula are similar to those used in all foods.
The ingredients must be safe and lawful to use. The components of an infant
formula, like those for all food ingredients, must meet generally recognized as safe
(GRAS) requirements for infant formula just as food ingredients must also be rec-
ognized as GRAS. The FDA maintains a list of items that are identified as GRAS.

The ingredients must also be compliant with the FDA’s food additive
regulations [FFDCA 201 (s) and 409].

The FDA specifies nutrient requirements for infant formula. These
requirements are found in section 412 (i) of the FFDCA and 21 CFR 107.100 (5).
These specifications detail the minimum levels for 29 nutrients and the maxi-
mum amounts that may be used for 9 of those nutrients. If an infant formula is
determined to be deficient in any of the nutrients or over-fortified (containing
more than the maximum amount) in the nine nutrients with maximums, the
product is considered adulterated and can be seized or removed from the market.
The only exception to this requirement is “exempt infant formula,” which is
defined as “any infant formula which is represented and labeled for use by an
infant who has an inborn error of metabolism or low birth weight, or who
otherwise has an unusual medical or dietary problem” [FFDCA 412(h)(1)].

When a new substance is proposed by a manufacturer for inclusion in an
infant formula, the FDA requires manufacturers to work with OFAS to review
and resolve any safety issue before submitting the infant formula notification
required by law 90 days before offering the infant formula for sale.

There are three key steps required for introduction of an infant formula
into interstate commerce in the United States.

1. Registration—When a new infant formula is ready for commercial
introduction, the manufacturer is required to register the name (manu-
facturer), the place of business, and all manufacturing locations of the
product [FFDCA 412(c)(1).

2. Notification—The manufacturer or person(s) responsible for introduction
of a new infant formula must submit to the FDA all information relative to
its manufacture at least 90 days before the product is available for sale. The
90-day notification must include a listing quantitatively of the ingredients
in the infant formula; descriptions of how the product is manufactured,
including any changes in processing or any reformulation of an existing
product; certification that the product will not be sold if it does not meet all
the nutrient and quality requirements of the FFDCA; and documentation
that the formula complies with CGMP and has appropriate quality control
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procedures governing its manufacture [FFDCA 412 (d)(1)]. This notifi-
cation includes all information relating to the packaging of the product.

Completion of steps 1 and 2 at the same time is stressed by the
agency to smooth the progress of the product’s review by the FDA.
Verification—The manufacturer or the person(s) responsible for intro-
duction of the product into interstate commerce is required to submit
written verification that summarizes test results that prove whether the
formula complies with all requirements of the FFDCA. This submission
must be done after the first full-scale manufacture of the product by the
manufacturer and before the product is offered for sale. Typically, the
results submitted to the FDA are those obtained from testing the first full-
scale production lot of the product.

The FDA is also explicit about notification of what it calls a major change

to a product. This is intended to avoid any deleterious changes to the product due
to formulation change, processing changes, or packaging changes. The FDA
wants to insure that a manufacturing or packaging change does not modify
nutrients and nutrient availability. Examples of major changes are as follows:

A new manufacturing plant

A new production line

The use or deployment of a significant new technology

A change in the type of primary packaging being used for the product
The introduction or addition of a new macronutrient (protein, fat, or
carbohydrate)

Addition of a new ingredient

In addition to all the requirements for marketing an infant formula, the

FDA also monitors each batch or lot of infant formula. The monitoring program
is carried out under the FFDCA section 412. The monitoring requires the fol-
lowing steps for compliance:

1.

2.

Manufacturers are required to test each manufactured lot of products for
composition during production and throughout its stated shelf life.

The manufacturer must maintain records on production, testing, and dis-
tribution of each batch of formula and use CGMP and quality control
procedures. This includes documentation of deviations in manufacturing or
packaging and the testing used to determine the impact of the deviation
and the data used to determine disposition of the deviated product.

In addition to the internal records, the FDA requires the manufacturer to
maintain a record of all complaints it receives. These are reviewed peri-
odically by the agency to determine or reveal possible hazards to health.

The FDA conducts yearly inspections of all production lines and manu-

facturing plants producing infant formula. The agency also inspects any new
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facility prior to or during early production runs and collects samples from all
lines new or old for analysis of ingredients, labeling, and any other requirement
of the FFDCA. If a product is found to be deficient or adulterated (hazard to
human health) or if the labeling of the product is incorrect (misbranded), the
FDA is authorized by the FFDCA to initiate a mandatory recall of the product.

PRENATAL NUTRITIONAL PRODUCTS

Nutritional products for the mother during pregnancy improve prenatal health
and the health of the child. Nutritional products for mothers are an essential way
to supplement diets deficient in key nutrients. This intervention means that the
mother is healthier and more fit for birth and the infant is bigger and healthier at
birth. These products are most widely used in Asia.

JUVENILE NUTRITIONAL PRODUCTS

Nutritional products also carry on beyond the first year. Children may need
increased nutrition to meet unique needs, and a variety of products aimed at
children between the ages of one and four years are available to help these young
people thrive. These products include those formulated to address allergies or
metabolic disorders.

MEDICAL FOODS: LEGISLATIVE OVERVIEW AND REGULATIONS

The Food, Drug, and Cosmetic Act (FD&C Act) of 1938 regarded medical foods
as prescription drugs. This was to guarantee that these products would be used
under the direction of a physician and prevent abuse by people promoting health
benefits. This situation remained static until 1972 when the Congress revised the
classification of products from “medical foods” to “special dietary foods.” This
change is cited in the Code of Federal Regulations (21 CFR 105.3) (5). The
purpose behind this change was to enhance the opportunities for development of
specialized products by both the drug and food industries. Another change was
made to the code in 1973 to exempt medical foods from conventional nutrition
food labeling. This change is found in 21 CFR 101.9(h) (5,6). This change
moved the definition to “foods represented for use solely under medical super-
vision to meet nutritional requirements in specific medical conditions.” This
addressed the problems outlined in the discussion of foods containing or elim-
inating specific nutrients that create problems for the body or nutrients that
create dangerous and life-threatening conditions.

The FDA tried in 1984 to publish a regulation that specifically addressed
medical foods, but this was rejected by the Office of Management and Budget
during a period when deregulation was in vogue and regulations were being
eliminated or streamlined.
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Following this rejection of further regulation, the FDA has used 21 CFR
105 to define and direct the use of medical foods (5). Unfortunately, this reg-
ulation only defines products for weight loss, hypoallergenic diets, and infant
formulas. The lack of definition was further increased with the Proxmire
Amendment to the FD&C Act (section 411) in 1976 that separated the regulation
of vitamins and supplements from medical foods. This was done because the
vitamins and supplements were available over-the-counter and did not require
the supervision of a physician.

The most confusing piece of regulation for medical foods came in 1994
with the passage of the Dietary Supplement Health and Education Act (DSHEA).
This Act expanded the definition of vitamins and mineral supplements to include
extracts of natural products, metabolites (e.g., amino acids), botanicals, herbs,
and proteins. It changed the name of this class of products to dietary supplements
and permitted the use of claims that border on drug claims for disease. Examples
of these claims include lowering cholesterol and increasing muscle mass and
strength. These changes make these products pseudo-medical foods but release
them from being defined as medical foods in the strict legal sense and permit
people access to use them for self-diagnosis and self-treatment of medical and
nutritional conditions.

Congress passed the strict legal definition of medical foods in 1988 as part
of the Orphan Drug Act. The Orphan Drug Act refers to conditions or diseases
that have fewer than 200,000 new cases per year. The first true definition of
medical foods is found in 21 U.S. Code 360ee(b)(3). This definition restricted
the definition of medical foods to foods that were administered or consumed via
enteral means for the specific treatment or mitigation of a disease or medical
condition, which has unique or distinctive nutritional requirements based on
established scientific principles under the care of a physician, and the condition
is established in the patient by medical evaluation.

This definition of medical foods was established in the Nutrition and
Labeling Act of 1990 (21 U.S. Code 343) and is now the current authoritative
definition. Medical foods were exempted from nutritional labeling in this Act in
order that specific regulations would be developed to control medical foods. The
CFR [21 CFR 101.9(j)(8)] contains the following definition:

“A medical food is a food which is formulated to be consumed or
administered enterally under the supervision of a physician and which
is intended for the specific dietary management of a disease or con-
dition for which distinctive nutritional requirements, based on rec-
ognized scientific principles, are established by medical evaluation. A
food is subject to this exemption only if:

(D It is a specially formulated and processed product (as opposed
to a naturally occurring foodstuff used in its natural state) for the
partial or exclusive feeding of a patient by means of oral intake or
enteral feeding by tube;



Medical Foods 129

(i) It is intended for the dietary management of a patient who,
because of therapeutic or chronic medical needs, has limited or
impaired capacity to ingest, digest, absorb, or metabolize ordi-
nary foodstuffs or certain nutrients, or who has other special
medically determined nutrient requirements, the dietary man-
agement of which cannot be achieved by the modification of the
normal diet alone;

(iii) It provides nutritional support specifically modified for the
management of the unique nutrient needs that result from
the specific disease or condition, as determined by medical
evaluation;

(iv) It is intended to be used under medical supervision; and

(v) It is intended only for a patient receiving active and ongoing
medical supervision wherein the patient requires medical care on
a recurring basis for, among other things, instruction on the use of
the medical food.”

INFANT FORMULA REGULATION

In the early 1970s, there was considerable concern regarding the development and
regulation of infant formulas. At that time, a hypothesis was put forth that con-
jectured that infants with high salt intake were subject to hypertension (high blood
pressure) in later life. This concern led to the establishment of regulation regarding
the salt and chloride intake of an infant. The amount of salt in products was
limited to 0.25%, and the regulation also asks for a voluntary reduction of salt in
infant formulas and semisolid baby food. Unfortunately, this emphasis on salt led
to a manufacturing error in soy-based infant formula that resulted in alkalosis and
failure to thrive syndrome in 118 infants. Because of news reporting of this
condition and public awareness of its consequences, the Congress passed the
Infant Formula Act (FD&C Act, section 412). The portions of the CFR, which
provide the implementing regulations for section 412 are as follows:

e 21 CFR part 106—Infant formula quality control procedures

e 21 CFR part 107—Infant formula

e 21 CFR part 110—Current good manufacturing practice in manufacturing,
packing, or holding human food

e 21 CFR part 113—Thermally processed low-acid foods packaged in her-
metically sealed containers.

The specific nutritional and compositional requirements for infant for-
mulas are found in 21 CFR 107.10 wt. seq. Additional regulation contained in
21 CFR 107.50 (a) provides for exceptions to the overall standard and permits
infant formulas without all the nutrients required in 107.10 when treating a
variety of conditions such as low birth weight, inborn errors in metabolism, or
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other special disease conditions. These formulas are classified as exempt infant
formulas by the Act. Manufacturers are required to submit information to the
FDA on the composition and need for the product 90 days before the products’
commercial introduction for sale.

Additional discussion of regulations for producing medical foods for
enteral nutrition is found in the “Processing Authority” section of this chapter.
This section details manufacturing regulations and expands the number of
agencies and the number of regulatory requirements used to supervise the pro-
duction of medical foods including infant formulas.

Regulation for the production of parenteral nutritional products is found in
chapters 2 and 5 of this book. These chapters describe the basic requirements for
injectable products.

MANUFACTURE OF INFANT FORMULA
AND MEDICAL NUTRITIONAL PRODUCTS

Infant formulas and medical foods are produced using the same techniques as
many commercial food products. Both processes rely on a term called “com-
mercial sterilization,” not absolute (complete) sterilization that is found with
drug products. Absolute sterilization is performed on parenteral nutritionals. The
focus of this chapter is on enteral nutrition and the manufacturing details and
requirements for production of this class of product.

Commercial sterilization or commercial sterility means a condition created
by heat by itself or in combination with other processes or ingredients that
eliminate any microorganisms in the product from being capable of growing at
temperatures above 50°F or 10°C while sealed in their container (2). This
thermal processing of food eliminates all dangerous microorganisms but does not
destroy one class of microbe, called thermophiles, which pose no significant
threat to public health and which will not manifest under normal environmental
conditions found in supply chain storage and distribution. Normal conditions
mean shelf stable with no refrigeration under any condition found anywhere in
the world and any unusual conditions that might be encountered in the distri-
bution system. An extreme case may be a container or truck left in the sun for
extended periods of time. Note that the product is not organism free; all the
organisms are inactivated under normal conditions, but may under extreme
conditions still be viable. Total destruction of microorganisms would cause
degradation of the food to the point that it is inedible and unusable.

Retort processing (6) and aseptic processing (7) are the two predominant
methods used to produce enteral nutritional products. Retort processing (Fig. 2)
is one of the oldest ways of preparing food (6). Many people are familiar with this
method of preservation from home canning done in home kitchens in many parts of
the United States. Aseptic processing (Fig. 4) is a much newer and more complex
method of achieving the same result. It was developed first for metal cans and glass
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Figure 2 Block diagram of thermal (retort) processing and packaging system.

jars and later for all types of containers to permit the preservation of foods that
could not withstand high heat for the extended period required by retort processing.

Aseptic processing’s high-temperature short-time (HTST) or ultrahigh-
temperature (UHT) preservation cycle is ideally suited for dairy products and
products with ingredients sensitive to heat for extended periods of time.

Both preservation methods require the packaging to be an intimate part of
the system. The package in retort processing (Fig. 2) is actually the container in
which the food is cooked. The package in aseptic manufacturing operations is
typically plastic and provides a means to deliver products with convenience
features found only with plastic containers.

Retort Processing

Retort or heat processing of food is an old process. In a retort process, the
product is heated to a temperature that is lethal to the harmful microorganisms it
contains (6). The heat also inactivates the natural enzymes found in food, which
would cause degradation in the sealed container. In retort processing (Fig. 2), the
heat is applied to the product in each individual sealed container. In essence,
each container is its own pressure pot or cooking vessel.

Originally, retort processing (Fig. 2) was done as a batch manufacturing
process and for small-volume food producers it still is. Cans or glass jars are
loaded into individual “baskets” or holders. These holders were then placed into
pressure vessels and subjected to heat and pressure to raise the temperature
above that of boiling water and permit the contents inside the container to heat to
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a point where all harmful microorganisms are killed and to a point where the
enzyme action of the food is stopped or greatly retarded. The more elaborate
systems provide for movement of the basket or holder to mix the product inside
and reduce the total cycle time of heat processing. The movement of the basket
creates a mixing action within the container that speeds heat transfer into the
container and at the completion of the heat processing, out of the container
during the cooldown phase of the operation.

During the sterilization cycle, a can or glass jar must withstand the internal
pressure generated by the steam contained inside the container and later, after
cooling, be strong enough to withstand the outside atmospheric pressure pushing
against the vacuum formed inside the container. This requirement to withstand
both pressure and vacuum inside the container is in addition to the strength the
container needs to withstand the rigors of the distribution system, including
stacking of pallets in a warehouse or truck.

Hot filling, heating the product to near boiling before placing it in the
container, saturates the headspace of the container with water vapor prior to
closing. After the processing step, when the container is cooled to room tem-
perature, the water vapor in the headspace of the container condenses back into a
liquid as part of the product, thus creating vacuum inside the container. This was
the major reason that only glass and metal packages were available for most
shelf-stable foods. They possessed the structural strength needed to withstand the
positive and negative pressures created during the manufacture and the addi-
tional strength requirements of the distribution processes.

Originally plastics, both rigid bottles and flexible pouches, could not stand
up to the rigorous temperature and pressure extremes placed on the container.
New handling and processing techniques for plastic bottles, bowls, and pouches
changed retort processing (Fig. 2) equipments by adding thermal process heat
and pressure programming capabilities that balance the pressure inside and
outside the container during the retort cycle. This balance combined with
techniques to minimize headspace in plastic containers has permitted them to
withstand retort processing just like that in metal cans and glass bottles. The
containers have also grown more sophisticated with the advent of multilayer
plastics that deliver low oxygen and moisture vapor transmission performance.

During the 1950s, two major improvements in retort processing were
introduced. These innovations were the hydrostatic continuous process (Fig. 3)
and the rotary continuous process.

The hydrostatic retort process (Fig. 3) consists of a tower with multiple
sections. At the entrance and the exit of the hydrostatic operation is a column of
water used as a pressure seal to permit other sections or “legs” of the process to
maintain temperatures above 212°F. Normal retort processing uses maximum
temperatures in the 250°F to 270°F (121-132°C) range.

Multiple cans are loaded in “sticks” or long lines of cans placed on their
side in a conveyor that resembles a long tray. The conveyor moves up and down
a number of times, (each up and down a leg of the process) within the hydrostatic
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Figure 3 Internal diagram of a hydrostatic cooker.

retort (Fig. 3) to preheat, cook, and cool the containers before they emerge on the
other side of the operation. The product in the packages receives little agitation.
The thermal process must take into account the time it takes for heat penetration
into the container and food to hold that temperature inside the container until the
harmful microorganisms are killed or rendered inactive. This includes the time it
takes for the heat to penetrate to the inside of food particulates within the container
along with heating the liquid phase of the product. This aspect of thermal proc-
essing is covered in the “Thermobacteriology” section of this chapter.

Retort processing (Fig. 2) was the catalyst for research and development
into describing and testing thermal processes and the mathematics and micro-
biology involved. The calculations and methods developed for retort processing
are used for all thermally processed foods. The measurement methodology for
microorganisms is used or referenced for new processes under development to
increase or extend the methods of manufacturing used for food products.

Aseptic Processing

Aseptic processing and packaging of foods (Fig. 4) (7) is and continues to be one
of the more dynamic areas of process and package development for consumer
foods and nutraceutical products. It has opened the door to convenient, light-
weight plastic containers. In hospitals, it has eliminated glass containers. It has
permitted the substitution of lightweight, plastic containers into food, infant
formula, and medical food product presentations replacing glass and metal.
Although the emphasis on the packaging used by aseptic systems is pri-
marily plastic, it can be used for metal cans, glass bottles, pouches, and com-
posite containers. In fact the first wide-scale use of aseptic packaging was based
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Figure 4 Block diagram of aseptic processing and packaging. Note: shaded area denotes
the processes contained in the sterile zone.

on a metal can. One of the most popular and widely used containers in the world,
Tetrapak™, is based on aseptic processing (Fig. 4) and filling. The Tetrapak
package is a composite of paper, foil, and plastic, with simple and unique
opening features that make it highly portable and widely accepted.

Aseptic processing and packaging (7) is the bringing together of product,
package, and closure, each sterilized in separate operations in a sterile envi-
ronment to fill and seal the package (7).

Aseptic processing (Fig. 4) in the United States began in 1940 when the
aseptic canning system of Martin Dole Company was employed to produce milk
products without subjecting them to a long-duration heat cycle. This next innovation
was aseptic drums of products manufactured in the 1950s. Aseptic bulk storage
systems followed in the 1960s and in the 1970s with aseptic bag-in-box systems and
aseptic rail tankers becoming prevalent as methods for storing bulk food ingredients.
In the 1980s, specifically 1981, the FDA approved the use of hydrogen peroxide as a
sterilant for aseptic packages. This approval opened the way for containers to be
sterilized without subjecting them to high-temperature steam or other high-tem-
perature sterilization processes that were deleterious to the package.

The use of a chemical sterilant promoted the use of plastic bottles, plastic
and composite laminates, and pouches in aseptic packaging. Heat is still required
to dry and inactivate the hydrogen peroxide, making it difficult for heat-sensitive
plastics with plastic memory [e.g., polyethylene terephthalate (PET) bottles] to
be sterilized with this chemical. A second sterilant, peracetic acid (Fig. 5) or
PAA (chemical names are peroxyacetic acid and ethaneperoxic acid), has been
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submitted in a process filing and accepted by the FDA in 2007. Its approval
opens the way for lower-temperature sterilization cycles for plastic containers
and will permit wider use of PET as an aseptic packaging material.

The heating and cooling process used commercially for liquid product
sterilization of aseptically prepared food or medical nutritional product takes
place in a closed continuous system (Fig. 6). The closed system moves the
product through highly efficient heat exchangers that heat and cool the product
very rapidly to sterilize all the nutritional ingredients and other unique ingre-
dients (e.g., vitamin fortification or unique trace metal combinations) that pro-
vide therapeutic benefit while retaining high levels of nutrient value and
excellent sensory qualities for the patient or consumer.

The processes are called HTST and UHT sterilization processes. The letter
abbreviations are often used when referring to or discussing the processes.
Because the two processes shorten the amount of time an ingredient is subjected
to degrading heat, the process yields a product that retains its nutritional benefits
and its favorable appearance and flavor and sensory characteristics. The product
also retains its natural color because degradation reactions and caramelizing
reactions are held to a minimum.

COLD ASEPTIC STERILIZATION—ASEPTIC FILTRATION

Cold sterilization or filtration is another aseptic method used to sterilize clear
solutions. It is used for medical and food applications. It is most often used for
rehydration solutions, solutions designed to replenish and maintain the electro-
lyte and water balance within the body.

This method of sterilization consists of passing a clear liquid through a
membrane filter with an opening or pore size small enough to remove the
microorganisms without removing the beneficial ingredients contained in the
solution (Table 1). The method becomes impractical for emulsions or solutions
with dissolved ingredients equal in size or larger than the bacteria being
removed. Table 1 lists the size of various organisms found in food and medical
nutritional products and provides a guide about what can and cannot be filtered.
The table also describes the various classes of microorganisms that must be
rendered harmless in any food product.
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Table 1 General Microorganism Characteristics

137

Microorganism  Cell wall composition Cell shape Cell size
Virus Protein and lipid Isometric 20-450 nm
Rod
Filamentous
Pleomorphic

Gram-negative
bacteria

Gram-positive
bacteria

Bacterial spore

Yeast

Mold

Polysaccharides
Peptidoglycan (1-10%)
Lipoprotein

Peptidoglycan (40-80%)
Lipids
Teichoic/teichuronic acids
Peptidoglycan
Calcium-dipicolinate
Protein

Mannans
Glucans
Chitin (small amount)

Polysaccharides
(chitin, cellulose)
Glucans
Glycoproteins

Isometric head
Attached to a
rod-shaped tail
Rod

Vibrio spirilium
Cocci

Rods

Cocci

Oval
Round

Spherical
Oval
Oblong

Filamentous

0.2-1 x 0.64 pm
1-2.5 ym

0.3-2.2 x 1-14 pm
0.3-3.5 pm

1-9 x 2—-30 pm

ASEPTIC MANUFACTURING EQUIPMENT

Thermal treatment of food in aseptic systems uses a number of proven types of
equipments called heat exchangers, widely accepted around the world, for the
sterilization of food products. These systems include

indirect heating systems (heat exchangers)

1. Plate

2. Tubular

3. Scraped surface

4. Electrical (induction)
direct heating

1. Steam injection
2. Steam infusion

The type of product to be sterilized normally dictates the choice of heat
exchanger or sterilization system. Each system has its advantages and dis-
advantages relative to the product attributes, ingredients, ability to clean, amount
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of product surface buildup in the equipment, and other factors all of which
influence the effectiveness of heat transfer used for sterilizing the product.

All aseptic systems have difficulties with particulates. Particulates in
products, such as diced meat or vegetables, make fast heat transfer into and out
of the particle very difficult and are typically avoided in aseptic product for-
mulation. Particulates when used in aseptic food processing must be extremely
uniform and consistent in size and shape. An equipment producing extremely
uniform particles required to fit within the thermal process parameters for the
product is highly specialized. Particulates are handled with the equipment
addressing the unique characteristics of the particulate in question. This spe-
cialization has been the most successful way of addressing the particulate ster-
ilization problem. Medical nutritional products and infant formulas do not
contain particulates; however, one way to enhance a medical nutritional product
will be the introduction of particulates in, for example, a soup broth that a patient
consumes orally.

Aseptic systems are continuous and closed. This means you cannot sample
the product to determine its sterility during the system’s operation. Aseptic
processing (Fig. 4) is different from most other systems of food sterilization in its
reliance on process controls and statistical methods. These methods focus on
controlling the process in a repetitive manner to deliver a repeatable result.
Computerization of controls has improved this capability and has improved real-
time monitoring of process conditions during an aseptic sterilization operation. It
has also brought with it other questions regarding validation of software and
input/output validation of controls and alarms.

Recently, some exotic nondestructive test methods, notably NMR (nuclear
magnetic resonance) imaging, have been used as a test of an aseptically manufac-
tured product after packaging. Because the test looks for microbial changes in the
product, it cannot be used in line at the time of product manufacture. It is employed
as a secondary measure after the product is stored for a time sufficient for a
microorganism to produce enzymes, a marker indicating a change that it can detect.

ASEPTIC PACKAGE STERILIZATION

Aseptic packaging provides the same functions found with all food packaging.
These functions are containment, protection, and preservation of the food
product. One additional function, not part of the physical, chemical, or
mechanical properties of a container, is the package’s ability to inform the
consumer about its contents. This is referred to as labeling.

Package sterilization in aseptic systems uses two different mechanisms to
achieve sterility of the package and the package closure before being filled. The
first method uses heat, typically in the form of wet heat or wet steam, to inac-
tivate spore-forming bacteria. Super-heated steam can be used, but it typically
does not transfer its heat to the packaging very efficiently The second mecha-
nism uses a chemical sterilant along with modest heat to inactivate the bacterial
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spores. Bacterial spores are the most resistant form of bacteria to all sterilization
processes.

In the United States, the only sterilant approved through 2006 was
hydrogen peroxide (H,O,).

Peracetic acid (Fig. 5) produced by reacting acetic acid with hydrogen
peroxide (H,O,) underwent extensive evaluation and was accepted in an aseptic
filling by the FDA as an alternate to hydrogen peroxide in 2007. Peracetic acid is
an alternate sterilant needed by equipment and container manufacturers because
it is effective in inactivating microorganisms at lower temperatures than
hydrogen peroxide, and the residual materials from its breakdown are benign.
Peracetic acid (Fig. 5) decomposes into acetic acid, water, and oxygen, all of
which do not come under stringent residual standards. Hydrogen peroxide has
requirement of no more than 0.5 ppm residual material remaining on the
packaging after sterilization as defined by FDA regulation.

Outside the United States, the list of sterilants include hydrogen peroxide,
hot air/steam, radiation, halogens, peracetic acid, citric acid, or combinations of
these materials for sterilization of both the equipment used for manufacture and
the packaging materials. The most important aspect in the choice of sterilant is
its ability to kill microorganisms on surfaces of equipment and packaging
materials. Care must be taken that the material properly “wets” or contacts all
surfaces. Ideally, the sterilant has a low surface tension to wet the surface of the
material being sterilized, is easily applied, leaves no residue, and is fast acting in
its ability to kill spores.

What makes aseptic packaging different from traditional packaging
methods is that the product and the package are continuously sterilized sepa-
rately from each other. The two units, product and package, are brought together
in a protected sterile chamber. The package is filled and hermetically sealed
inside that sterile chamber to produce an extended shelf-life product that does
not need refrigeration.

A number of methods are used to achieve package sterilization in aseptic
systems:

Mechanical processes
Thermal processes
Irradiation

Chemical
Combination processes
Other processes

Mechanical Processes

Mechanical processes by themselves are normally not sufficient to completely
sterilize a container. They are used for precleaning containers and reducing the
microbial load of the container prior to sterilization. These processes include
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water rinsing/flushing, air rinsing or air blasting, and brushing (to remove dust or
particulates).

Thermal Processes

Thermal processes are typically high-temperature processes. They are not
compatible with most heat-sensitive plastics. The first commercial aseptic sys-
tem, the dole process, used steam to sterilize a metal can, and the can end was
used for packaging.

One unique or novel way to overcome the problems of using heat to
sterilize plastic containers is to use the heat required to extrude the plastic during
the sterilization process and then maintain sterility of the container from this
point of manufacture through the aseptic filling and sealing operation.

Examples of thermal processes used for package sterilization include
saturated steam, superheated steam, hot air, and mixtures of hot air and steam.
These same processes may be employed to sterilize the aseptic equipment and
the aseptic zone or sterile zone of the machine where product, package, and
closure are brought together, filled, and sealed.

Irradiation Processes

Irradiation of packaging was first introduced into aseptic bulk container steril-
ization, notably bag sterilization for large volume bag in box products. The bag,
in a bag and box product, is assembled into its final form and sealed prior to
radiation exposure. The radiation sterilizes the bag, and its seal maintains ste-
rility until it is opened and filled in the sterile zone of an aseptic packaging
operation.

Irradiation can be used to sterilize heat-sensitive packaging materials, and
in single use, containers can be employed in the same way the heat of extrusion
is used in thermal processes. Again, after exposure the package is maintained in
a sterile environment until after it is filled and sealed. Examples of the types of
irradiation include ionizing radiation (B or y rays), infrared radiation, and
ultraviolet (UV) radiation.

Chemical Processes

Chemical processes are used more often than any other method to sterilize
containers. They are fast, efficient, and easy to monitor and maintain. In the
United States, the sterilant is limited to hydrogen peroxide and peracetic acid
(Fig. 5), although other sterilants and combinations of chemicals are used outside
the United States.

The container surfaces are exposed to the chemical sterilant as it enters the
sterile zone of the packaging operation. After exposure to the chemical sterilant,
the package is either rinsed or dried in the sterile zone of the machine to remove
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the sterilant by chemical breakdown into benign substances before filling and
sealing.

The sealing material used to close the container follows the same steps and
normally uses the same sterilant.

Chemical sterilization is often used by itself or in combination with heat or
mechanical means to sterilize the packaging equipment and the sterile zone in an
aseptic system.

Combination Processes

Combination processes use the same conditions and materials, heat and chemical
sterilant, listed above to sterilize containers. Examples include hydrogen per-
oxide/heat, hydrogen peroxide/UV, ultrasound/hydrogen peroxide, peracetic
acid/hydrogen peroxide, and peracetic acid/alcohol. None of these combination
systems with the exception of hydrogen peroxide/heat is approved in the United
States.

ASEPTIC PACKAGING SYSTEMS

Aseptic packaging systems combine the product, package, and closure in a sterile
environment to manufacture a product. Commercial aseptic packaging systems
and the equipment that produces the packages fall into six broad categories. The
standard names of the systems are

fill and seal

erect, fill, and seal

form, fill, and seal
thermoform, fill, and seal
blow mold, fill, and seal
bulk storage and packaging

A

Fill and Seal

This type of aseptic packaging system uses glass or preformed containers. This
would include thermoformed, injection-molded, or blow-molded plastic con-
tainers. The preformed containers are sterilized, filled, and sealed in a sterile
environment that describes the classic aseptic operation.

Erect, Fill, and Seal

A container that is folded or mechanically manipulated at the packaging oper-
ation is opened or erected and then sterilized, filled, and sealed in a sterile
environment. The best example of this type of container is the CombiBloc™
container recognized as a type of a liquid multilayer composite box container.
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Form, Fill, and Seal

This is by far the most familiar and widely used aseptic system. TetraPak is the
leading example of this type of aseptic packaging. In these systems, a roll of
container-making material is sterilized, formed, filled, and sealed in an aseptic
environment. Sterilizing the flat material in a bath or heat tunnel simplifies the
process and makes removal of residual sterilant prior to container forming much
easier. Pouch systems and the TetraPak carton system are examples of this type
of aseptic operation. Drug packaging uses single-layer form, fill, and seal
technology to produce small-dose packages. The package is injection molded, or
may be injection blow molded. A good example is a single-use eye drop con-
tainer produced with no preservative using this packaging technique.

Thermoform, Fill, and Seal

This is the flat plastic roll stock equivalent of form, fill, and seal. A roll of
extruded plastic container—forming material, made up of multiple layers of
oxygen, moisture, or solvent barrier materials required for product protection, is
sterilized via chemical means, or is sterilized using the heat required to thermo-
form it into the container shape, and then moved into the sterile zone for filling
and sealing. This process requires a chemical sterilant if the plastic is forged or
shaped at a temperature too low for complete sterilization of its surface.

The process uses the heat required to produce the plastic container and
maintains the sterility of the container into the sterile zone of the filling and sealing
equipment. Cups produced in this manner for liquid products normally remain in
the plastic web through filling and sealing and are trimmed into individual units or
bundle packs after they emerge as sealed containers from the sterile zone. Lid
stock, the sealing material used to close the package is a multilayered composite
structure of plastic and foil materials which is preprinted with the product labeling
and is matched in size to the width of the thermoformed web used to produce the
plastic containers. It may be sealed to each individual container, or it may only be
sealed at the outside perimeter before emerging from the sterile zone. For equip-
ments using the perimeter-sealing technique, each individual cup is then sealed
before the container or bundle of containers is separated from the web.

Blow Mold, Fill, and Seal

This process relies on the heat of extrusion to sterilize the container. The plastic
is extruded and blow molded using sterile air to force the plastic into the final
container shape in the blow-molding cavity or die. The package may move
immediately into the sterile zone for filling and closing, or the package may be
resealed using excess plastic to reclose the bottle before the molds are released.
This second bottle-producing method is used in a process called extrusion blow
molding, where a parison or melted plastic tube emerges from the extruder and is
placed in the center of the bottle-producing mold.
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The bottle, which is sterile on the inside, is then introduced to a sterilization
system that re-sterilizes the outside of the container or the neck of the container as
it enters the sterile zone prior to opening or breaking the bottle seal. The totally
sterile bottle then moves into the sterile zone where it is opened, filled, and
sealed. The dome covering the neck of the bottle is trimmed to produce a bottle
finish compatible with the closure used for the bottle. It may also receive a heat-
sealed membrane or lid stock prior to application of the closure. The process can
be used for flexible containers as well as bottles when a fitment or unique opening
area or mechanism is part of blow molding a container.

Bulk Storage and Packaging

These systems are used during the manufacture of products that have unique or
extended manufacturing operations or periods. They are typically used for
concentrated intermediate products or products handled in bulk. Examples would
be milk products that have completed pasteurization and homogenization as a
starting point for multiple finished products. The final product is then custom-
ized with the addition of unique ingredients tailored to specific patient needs.
This is one method that manufacturers use to generate products that do not
require mixing or manipulation at the patient’s bedside.

Bulk packaging includes large volume bag in box products, drums, tote
tanks, and rail cars. Large storage tanks required to decouple product processing
from aseptic packaging operations fall into this classification. The large tanks
typically are sanitized using chemical disinfectants, iodophors, or bromine sol-
utions, and then treated with heat to complete the sterilization process. Specially
designed valves are used to attach these tanks and bulk units to aseptic units
without breaking the sterility of the system.

Aseptic systems are also categorized by six distinct elements that occur
within the closed system. These elements are the product, flow control, product
heating, hold tube (the product being held at temperature), product cooling, and
packaging. Each of these elements must work correctly to produce an acceptable
result. Aseptic systems are extremely complex mechanically and electrically
(controls and monitors the equipment) and require rigorous and meticulous
attention to detail to operate properly.

Along with the elements of an aseptic system listed above that actually
contact and act on the product, all equipment surfaces and the methods used to
sterilize and maintain sterility of the equipment must be considered. This
includes the positive pressure systems used to insulate the sterile parts of the
machinery from environmental recontamination after sterilization.

Manufacturing plants typically use a positive pressure inside the building
or in the room containing the aseptic equipment as a first layer of protection
against airborne pathogens because untreated air is a source of contamination for
the equipment and the product. Inside the processing plant, airborne contami-
nation can originate from humans, raw materials used in manufacturing, dust,
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dirt, and anything that enters the facility. Aseptic systems use positive air
pressure produced by filtration systems [high efficiency particulate air (HEPA)]
throughout the equipment, and particularly in the sterile zone of the equipment to
keep out molds, spores, bacteria, viruses, yeasts, and other normal airborne
pathogens that would contaminate the system. All air entering the sterile zone
where product filling and sealing take place must be treated to remove any
contamination including microorganisms. This can be done with heat (inciner-
ation) or high-efficiency filtration (HEPA).

Laminar airflow is used within aseptic manufacturing equipment to further
insulate the operation from contamination. Laminar flow (nonturbulent airflow)
prevents mixing of the air in the system and eliminates potential low-pressure areas
that could pull in external contaminants. The air in an aseptic system is typically
changed more than 100 times per minute to maintain a sterile environment around
the product and packaging and sealing operation and a positive pressure within all
sterile parts of the equipment. In laminar airflow, this high flow rate keeps any
particles produced by the machine airborne for removal. The positive pressure
permits the movement of containers and lid stock into the sterilization sections of
the equipment without bringing in environmental contaminants.

There are normally two air filtration systems employed to clean the air
entering aseptic processing equipment (Fig. 6). These same systems and filters are
also used for surge tanks and bulk storage tanks to maintain sterility as the tank
fills or empties and while the tank is static (empty) or holding a processed product.

Filters are tested for effectiveness and are usually changed on a fixed
schedule based on hours of operation to maintain the performance of the fil-
tration system. UV systems are sometimes added to the filtration air as a second
level of defense and are effective in open areas of plants around tanks, fillers,
and CIP (clean in place) units.

Plant environments are constantly checked for airborne contaminants, as
are the areas inside a manufacturing equipment. A device consisting of a mem-
brane filter with a vacuum pump and a liquid or gel impingement device
are employed. These devices collect the microorganisms and permit evaluation
microscopically or through actual attempts to culture the trapped contaminants.
The type of area being used for an aseptic operation may define the amount of
contaminant. For drug installations, and food installations that mimic drug
guidelines, class 100 or class 10,000 requirements found in the CGMP regulations
are used. For food manufacturing, the literature suggests an environmental
standard of 50 viable microorganisms or less for aseptic packaging areas.

BASIC PRINCIPLES OF THERMAL PROCESSING
Thermobacteriology

High temperature has been used as a method to kill or inactivate microorganisms
for a very long time. Since the 1920s, thermal processes have been designed on
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the basis of data and characteristics that describe the thermal destruction of
microorganisms. This information was originally applied to products in metal
cans and glass containers (retort processing, Fig. 2) and then adapted to aseptic
processing of products. During the 1950s, continuous retorts were developed for
the sterilization of individual containers. This greatly speeded the process of
producing canned food but required a complete understanding of the thermal
process employed to make the food safe.

Aseptic processing began during the 1940s, as a method to process foods
that underwent degradation or discoloration in traditional retort processes, and it
required the same process understanding to assure safety.

The design of all thermal processes, both aseptic and retort, follows the
same conventions. Generally, the most important microorganism studied and
verified as killed by thermal processing is a bacterial spore. These entities are
very resistant to heat, and the determination of how to inactivate them is key in
attaining commercial sterility in food products. Thermal processes are asymp-
totic and can never achieve zero in the complete destruction of organisms.
Instead a log reduction is used to describe the number of orders of magnitude the
amount of the organism has been reduced to.

All thermal processes rely on a time/temperature relationship of heat
exposure to inactivate or kill the microorganism. The reaction (destruction) of
the microorganisms by heat obeys first-order reaction kinetics. This reaction is
expressed by the following equation:

de —2.303
d D
where dc/dt = rate of destruction
D = decimal reduction time or the time for population to
decrease by a factor of 10 at a given temperature.
¢ = instantaneous number of viable cells or spores.
2.303 = conversion factor for log. to logo.

(Eq. A)

The D or destruction value is characteristic of the specific microorganism
being processed, the medium it is contained in (e.g., solution pH, composition,
and presence of oxygen) with the value expressed in a time constant base 10.

This equation can be integrated and rearranged into the following form:

“de "_2.303
— = —dt Eq. B
/ : / - (Eq. B)

¢; = t = 0, which represents the initial number of spores
¢y = t = the final number of spores

Integration of the left-hand side of the equation results in In (c¢s/c;)
The problem with this equation is the right-hand side value because the
time integral cannot be integrated in this form as the D value is not constant. The
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D value is a dependent variable based on temperature, and temperature is based
on time.

The thermal death time model for the temperature dependence of a
microorganism is expressed by the following equation that describes the tem-
perature dependence of the D value.

log— = (Eq. C)

Where Dy = the D value at T
z = temperature change in degrees Fahrenheit (°F) necessary for
the D value to change by a factor of 10.

Solving this equation and substituting it in the previous equation produces
the following result:

Ci ! 1
Dglog o /0 T.-T)/z dr (Eq. D)

The log of c;/cyis the number of log cycle reductions the concentration of
cells must go through to achieve the proper D value.

The FDA requires a 12-log reduction of Clostridium botulinum spores in
nonacid or low-acid foods (pH > 4.6). This is usually based on a temperature of
250°F (121.1°C) making Dg log (c/cy) the thermal death time normally called Fj,.
This means that the time/temperature exposure of the thermal process results in
an integrated effect of F' minutes at 250°F.

The problem is that the right-hand side of this integral still cannot be
integrated since temperature is dependent on time.

A process called the improved general method for thermal process cal-
culation solves this problem. The term “1/10 *°° ~ 7?7 is expressed as the lethal
rate. Values for lethal rate are determined from heat penetration experiments and
then calculated for each time/temperature value. Lethal rate is then integrated
over the process using graphical means or using a numerical integration pro-
cedure such as Simpson’s rule or Trapezoid rule.

This was not an easy way to determine how to make these calculations to
obtain a safe thermal process and a major improvement was needed. C.O. Ball in
1923 was able to make a major improvement on this method. Ball designed an
equation that described the time/temperature profile of foods with sufficient
accuracy to describe foods undergoing a thermal process. His insight and for-
mula became the formula method of thermal process calculations. His descrip-
tion of the time/temperature relationship is exhibited in the formula:

log(RT —T) = log(jls) ~ & (Eq. E)

RT = heating medium temperature
I, = RT - Ty,
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Jn = RT = T,i)/(RT — Ty,)
F}, = time in minutes for (RT — T) to change by a factor of 10
Ty, = initial temperature of the product
T,;, = simulated initial temperature of the product. This is obtained by
extrapolating the linear portion of the semilog heating curve to

corrected zero time.

Ball determined the factors j, and f, by conducting heat penetration
experiments on food. He then differentiated the equation and substituted the result
into the previous equation as an answer for df in Eq. D. This, along with a few
assumptions to simplify the process, resulted in the formula method used to cal-
culate the total accumulated lethality of the thermal process. The same method is
adaptable to any thermal process for food provided the z value is independent of
temperature. This is problematic in aseptic processing because the z value is
constant over a narrow range of temperatures that span approximately 70°F.

Heat Exchange/Heat Transfer

Heat transfer now becomes the next major consideration in retort and aseptic
processes. In addition to this description of how a thermal process is deter-
mined, including the time it takes to kill or render inactive the micro-
organisms, a complete review of the heat transfer characteristics of the product
and the process must be undertaken. The effect of the time/temperature rela-
tionship is independent of whether the product is in a closed container or
passing through a heat exchanger (retort) or in an aseptic process heat
exchanger and hold tube.

The time/temperature profile is specific to the process used because aseptic
processes can use UHT or HTST heat treatments. This extreme heat, compared
with the limitations in heating and cooling the product in its own container
(retorting), drastically changes the time/temperature profile received by the
product. This difference is the major advantage of aseptic processes because the
HTST process results in less degradation of the food product and its nutrients,
producing superior flavor, appearance, and quality. Dairy-based products are
whiter (less browning) in color and better retain their flavor. Try tasting scalded
milk sometime to understand this difference.

Heat transfer can be affected in either a batch or a continuous system. Both
systems are effective in producing a satisfactory result.

In continuous aseptic processing systems (Fig. 6), the velocity of the
product is a key determinant in the amount of heat treatment or the amount of
sterilization it undergoes. The velocity of the product through the system, the
mixing the product receives in the system, and the nature of the liquid itself are
all factors that must be evaluated. Liquids can be a Newtonian fluid (linear
viscosity profile), thixotropic (shear thinning—viscosity decreases with shear or
stress on the fluid), or dilatent (shear thickening—viscosity increases with shear
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or stress on the fluid), and this physical characteristic of the liquid must be
understood as part of the system design. Velocity also must produce laminar or
nonturbulent flow through an aseptic system to produce the effect of plug flow.
This means that a given volume of liquid moves through the system in a uniform
manner, like a bucket being passed in a bucket brigade. This attribute permits
the calculation of the flow behavior and permits an accurate determination of
the holding time required in the heat exchanger for the liquid being processed.
The portion of the aseptic system that accomplishes the thermal treatment of the
product is called the hold tube. Each unit (bucket) of the product must receive
and maintain the required thermal process temperature required to deactivate or
destruct the harmful organism.

Following this heating and holding of the product at temperature, referred
to as HTST or UHT processing, the product must be rapidly cooled to stop the
degradation reactions of the food product. Cooling of the product is also done in
a heat exchanger.

Following the cooling of the product, it moves directly to packaging or into
an aseptic surge tank that balances the variations in processing and packaging
within the system.

DEAERATION

Aseptic systems normally require a deaerator in the system. Deaeration is
applied to the liquid prior to its introduction into the heat exchanger for
sterilization. Air that becomes entrapped in the product is removed to extend
shelf life. Shelf life is extended because removing the air removes the oxygen
driver for oxidative reactions that occur at the high temperatures used to kill
microorganisms in liquid food products. The deaerator is a vacuum vessel of
some type through which the liquid flows. Deaeration can be tricky because
many of the flavor constituents of a product are volatile, particularly at ele-
vated temperatures. Elevated temperatures make the noncondensible gases
less soluble in the liquid, hence the conundrum of temperature and vacuum is
required to deaerate a product without affecting its sensory qualities. Deaer-
ation is always operated at the highest temperature the product will tolerate
without stripping away key flavor and aroma components. The higher tem-
perature makes the noncondensible gases in the product less soluble and easier
to remove.

Residual oxygen in a product is a concern with most plastic packaging.
Plastic packaging materials all display some degree of permeability that leads
to deterioration in product quality over time. Removing the oxygen prior to
processing and packaging eliminates a source of oxygen in the product and
extends packaging shelf life by reducing the product’s exposure to oxygen to
the rate it permeates the container. The finished product is also maintained at
temperatures far below those used in processing, which also slows the oxida-
tive degradation reaction.



Medical Foods 149

ASEPTIC SURGE TANKS

Aseptic operations combine a number of different operations, any one of which
can experience problems. Portions of systems can be upgraded to increase heat
process throughput capacity, or different products because of their physical
makeup or physical characteristics can be thermally processed or produced faster
during the sterilization step. When the flow rate of sterile product is greater than
the packaging capacity, a buffer or aseptic hold tank is built into the system.

Aseptic surge and, in some cases, hold tanks can range from as small as
100 gal to several 1000 gal in size. These tanks provide operational flexibility
and operational capacity to aseptic manufacturing systems. An aseptic surge tank
essentially decouples the processing and cooling section of the operation from
the packaging operation and allows the two parts of the system to operate
independently. Heat-sensitive ingredients, sterilized by other means, may be
added to a product in the aseptic hold tank.

The tank operation is very simple. The product is pumped into a previously
sterilized tank and maintained in a sterile environment with filtered air. The tank is
always under positive pressure, that is, the pressure inside the tank is greater than
the external or atmospheric pressure. By keeping the pressure in the tank above the
pressure of the outside environment, microorganisms and other contaminants are
barred from entry. When the product is pumped from the tank, a sterile gas or
sterile air is used to maintain the positive pressure in the tank. The positive
pressure in the tank is monitored throughout the filling and discharge cycles.

PROCESSING AUTHORITY

The term “processing authority” generally refers to an individual or organization,
which through a combination of scientific knowledge and training along with actual
field experience is capable of designing, developing, evaluating, and implementing
scientific thermal processes. This individual or organization develops the steril-
ization criteria for a product, its packaging, and the equipment used to manufacture
the product and proves that it meets all pertinent regulations and requirements set
forth by the FDA, the USDA if meat or fish are involved, or in the case of dairy
products, the FDA and Public Health Service Pasteurized Milk Ordinance (PMO)
(8) typically enacted into state law and monitored by a state agency.

In addition to the product itself, processing authorities responsible for
aseptic systems must be capable of judging multiple systems or factors, such as
equipment sterilization, package sterilization, and maintenance of sterile pack-
age filling and sealing environment. These additional systems, all part of any
aseptic operation, are not part of retort or canning process systems, which are
also under the responsibility of a processing authority.

The FDA requires that anyone operating or involved in thermal processing
operations attend an FDA-approved course on preservation technology. This
requirement is contained in 21 CFR 108.35 (g) and 21 CFR 113.10 (6). The FDA
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sponsors multiple better process control schools during the course of a year. A
number of universities involved in Food Science and the Food Processors
Institute also sponsor the schools. Attendance at the school and a curriculum
with a portion devoted to aseptic processing will fulfill the requirements for both
retort (Fig. 2) and aseptic (Fig. 4) processing involvement. A number of the
schools with advanced programs or significant pilot plant capabilities such as
Purdue University and North Carolina State University offer advanced training
in aseptic system management and operation. These and a number of others
schools have aseptic pilot operations and permit hands-on experience with
processing and packaging of aseptic products.

A food processor may have one processing authority responsible for
everything or may split the responsibility for the product and place it with one
group or individual while placing responsibility for the packaging system with a
different processing authority—an individual or an organization. Regardless of
whether the processing authority is working on one system or all systems in an
operation, they must ensure that the system is designed, installed, and instru-
mented in a way that guarantees it will produce a safe food product. The
processing authority is responsible for designing the thermal or chemical pro-
cesses used in the system to achieve and maintain sterility and also must design
the procedures and validation protocols necessary for biological confirmation of
the system’s performance and process effectiveness.

The processing authority is responsible for the “process filing” (the
industry term used for the complete documentation package proving the system
is safe and efficacious) with the FDA and any other agency involved with the
product’s safe manufacture. The process filing comprises all the data and
information, including conclusions and summaries of results, which prove that
the system is safe and efficacious. The FDA requires registration of food
processing plants conducting aseptic operations and a detailed filing of the
thermal processes and sterilization procedures before a product can be sold
in interstate commerce. The plant where the product is manufactured is reg-
istered using FDA form 2541. The form used to file aseptic processes for low
acid foods is 2541c. Form 2541a is used to file processes used for acidified
aseptic foods.

The processing authority is held responsible by FDA regulations to
develop and prove the adequacy of all parameters used in an aseptic system for
sterilization of the product, equipment, and packages. These parameters must be
robust and assure that commercial sterility of the final product is guaranteed. The
regulations also detail record-keeping requirements for every operation, both
aseptic and retort, and also require detailed procedures for evaluation of any
process deviations that may occur during operation of the equipment and man-
ufacture of the product. The regulations require any deviation in the manufacture
of a food product, either retort or aseptic, be reviewed by a competent processing
authority. The processing authority is the final internal arbiter that decides if a
product is safe when the batch history includes a process deviation.
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The FDA does not approve equipments or food processes per se, but it does
exert authority over the equipment types, sterilants, and packaging used for
aseptic products. This information is all part of the process filing presented to the
agency to register the plant and the system. The FDA maintains an engineering
staff that reviews the equipment design, control, and function as part of the
review of a process filing. Many times the equipment manufacturer, the pack-
aging supplier, and the sterilant supplier will be involved in the data develop-
ment and submission to the FDA. If the FDA does not feel the information
supplied is sufficient, they can and do request additional information. This is
accomplished by returning the process filing forms to the manufacturing com-
pany, which mean the processing system is not registered and approved by the
agency and the company is not permitted to place anything produced on the
equipment to enter or be distributed in interstate commerce.

The FDA relies on periodic (typically yearly) inspection of food proc-
essing plants to monitor compliance to all regulatory requirements. Inspection
frequency of individual food plants may vary significantly depending on the
occurrence of potentially hazardous problems, the type of product being packed,
and the availability of FDA personnel trained for field inspection.

The U.S. FDA/CFSAN Grade A Pasteurized Milk Ordinance

The Grade A PMO is another portion of the federal code that governs aseptic
operations. It is a code of practice covering milk and various milk-based prod-
ucts. This code was revised in 1983 to include aseptically produced milk and
milk products. The latest version of the code was issued in 2003. This revision,
among other things, placed whey and whey protein requirements in the aseptic
portion of the regulations. The Public Health Service and the FDA developed the
code, and it sets minimum standards and requirements for production and
processing of milk and milk-based products.

This set of regulations (Grade A PMO) is recommended to the FDA by the
National Conference on Interstate Milk Shipments (NCIMS) (8), which com-
prises members from state and local public health or departments of agriculture
or agencies. The board also has nonvoting members from the dairy industry with
the FDA providing input. The FDA typically accepts the recommendations of the
NCIMS and incorporates them into each revision of the PMO. Each individual
state then adopts the PMO standards for regulation and control of milk pro-
duction, processing, and packaging within the state. Enforcement in each state
typically falls to the State Department of Agriculture or State Health Depart-
ment. The PMO for each state is the minimum standard required by manu-
facturers, and additional more restrictive standards may be added to each state’s
adoption and incorporation of the PMO into its regulatory codes.

The PMO specifies and regulates the manufacturing plants, aseptic proc-
essing, pasteurization, packaging, labeling, examination, distribution, and sale of
milk and milk-based products. The PMO is similar to the FDA’s CGMPs, which



152 Chapter 4

list specific requirements for equipment setup, operation, controls, and instru-
mentation. The PMO requirements do not replace the FDA’s CGMP require-
ments, they are in addition to those requirements. The PMO contains regulations
that are much more specific than the FDA’s with regard to equipment manu-
facturing, sanitary design, and construction standards. This is a continuation of
the 3—A Sanitary Standards for dairy equipment that are part of this regulation.

The FDA and the Public Health Service cannot enforce the standards of the
PMO unless the product from a facility enters into interstate commerce. It is up
to each state to enforce the code within its borders.

The PMO and the FDA CGMP requirements have a number of conflicting
areas. The PMO has been adopted and is administered by the states, not the
Federal Government. The FDA Milk Safety Branch personnel and the state
regulatory agencies have resolved conflicts between the two sets of regulations
in a satisfactory and amicable manner. Examples of differences in the ordinance
arise in the placement of instrumentation in the system and the way the steril-
ization is performed on parts of the backside of flow diversion valves in aseptic
systems, to name a few.

For packaging specific sections, the PMO refers to package manufacturing
(package supplier) plants, the containers they produce, and the microbial load
that may be present in fabrication materials or finished containers. The code
contains requirements for chemical, physical, bacteriological, and testing stan-
dards for all types of milk products including aseptically manufactured products.

USDA Requirements

The USDA is responsible for regulation of meat, fish, and poultry products
within the United States. Manufacture of formulated meat products containing
3% raw meat or 2% cooked poultry is under the jurisdiction of the Food Safety
and Inspection Service (FSIS) of the USDA.

Dating back to 1984 when the USDA issued “Guidelines for Aseptic
Processing and Packaging Systems for Meat and Poultry Plants” (2), the USDA
has taken a very different regulatory and enforcement direction compared with
the FDA for monitoring of aseptic processing and packaging systems (Figs. 4
and 6). These regulations have been updated since the initial presentation but still
present differences in approach between the two agencies.

The USDA regulations are found in 9 CFR 318 (9) and 9 CFR 381 (10)
portions of the U.S. regulatory code. Initially these regulations required thermal
process operating personnel and container closure technicians to take training
beyond the FDA-mandated course. Most universities and schools offering
training for food-processing employees modified the curriculum of their better
process control schools to address this requirement.

The USDA has a difference in philosophy behind their regulations com-
pared with the FDA. The USDA reviews and approves the equipment and
procedures used in meat and poultry establishments. The USDA guidelines detail
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the types of information the FSIS requires to approve processing and packaging
systems. This is in contrast to the FDA procedure where only an acceptance of a
process filing takes place and no formal approval is issued. The aseptic guide-
lines of the USDA are supplementary to other meat and poultry plant and
inspection regulations. These regulations also require the manufacturer to submit
an acceptable quality control program that covers the operation and maintenance
of the aseptic processing system (Fig. 6). The USDA also requires that all
materials used in containers meet FDA approval standards and that the secondary
and tertiary packaging adequately protects and maintains container integrity
during distribution.

FSIS requires each batch or lot of materials must be retained and samples
incubated and evaluated as part of the lot performance testing. FSIS relies on
continuous in-plant inspection similar to, and in parallel with, the continuous
inspection and grading of meat carried out in other packing plants.

STERILIZATION TECHNOLOGIES UNDER DEVELOPMENT

During the last 10 years, a number of new technologies were introduced to the
list of sterilization systems. These include

ultrasonic waves

irradiation

pulsed light

ohmic heating

extreme high-pressure sterilization

sterilization treatments using the above technologies with moderate product
heating

All of the technologies represent methods that may provide improvement
in the way food is sterilized without degradation. Unfortunately, the organisms
targeted for sterilization are most resistant to many of these forms of disruption.
A number of the technologies have been around for a while and continue to show
promise. Most of the problems surrounding the technologies are the cost to
develop a pilot-scale facility and the amount of engineering and developmental
effort required to prove the efficacy of the technology to the FDA.

The most novel of the above technologies is the pulsed light systems. This
technology employs a burst of light covering the complete visible spectrum to
achieve the sterilization effect. Laboratory scale systems move the product
through a tube, restricted in diameter, to allow the energy from the light to
penetrate though the liquid. Clear liquids and translucent or opaque liquids like
milk have been successfully sterilized using this technique. The technique has also
been combined with moderate heating of the product to improve its effectiveness.

It appears that these technologies will remain on the fringe for the
immediate future. The more mainstream technologies of retort processing
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(Fig. 2) and aseptic processing (Figs 4 and 6) are accepted and operational and
meet all current requirements for preparing enteral nutritional medical foods,
infant formulas, and foods in general.

FUTURE TRENDS

Increased attention to the role of medical foods is a given in the coming years.
The possible benefits range from possible increases in IQ in infants through the
use of specialized ingredients in infant formulas to rapid recovery from traumatic
conditions and some diseases. The needs of patients undergoing radiation or
chemotherapy for cancer are one area where patients suffer from loss of appetite.
This loss of appetite is reflected in a general reduction in the bodies’ well-being
and manifests with the loss of weight in the patient. Products that are tolerated by
patients and provide increased levels of nutrition required by the body to sustain
itself and combat the harmful effects of treatment are needed.

Patients undergoing dialysis and patients suffering from diabetes while
undergoing invasive or disruptive treatments require increased nutrition and
nutrition easily tolerated by the body under stress. Both food and pharmaceutical
companies are actively pursuing products in these areas.

Packaging will play a key role in many of these therapies. Products that
provide convenience and are easily portable to fit today’s lifestyles are needed.
Patients may be undergoing radiation, chemotherapy, or dialysis while con-
tinuing to work. The ability of packaging to deliver medical foods to these
patients and fit into the hectic nature of daily schedules will spur developments
beyond existing packaging.

Packaging for patients with medical needs and suffering from arthritis or
other physically restricting conditions will also benefit from medical foods that
are convenient to open and use.
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5

The Regulatory Environment

INTRODUCTION

Pharmaceutical products are among the most regulated products on the planet.
Pharmaceutical packaging, particularly the labeling of pharmaceuticals, must
meet a myriad of regulations and approvals from government agencies all over
the world. The regulations essentially make the package a part of the product and
place it under evaluation and review in much the same way the drug receives
evaluation and review. Each product and package must face and pass rigorous
approval requirements mandated in the United States by the United States Food
and Drug Administration (FDA)-administered statute and by similar agencies in
almost every country of the world. Typically, the countries require multiple
stages of testing with multiple submissions of data with voluminous documen-
tation to prove that the product and its packaging are safe, efficacious, and
perform as the manufacturer claims. This scrutiny is for the public protection,
and it places a considerable burden on the manufacturer to prove and document
that a product works and meets all claims related to its performance. Regulations
vary around the world, but for the most part, the varying processes require and
use much the same information as required by the FDA. In this chapter, we will
discuss and highlight what the FDA requires.

Packaging faces the same rigorous review process as the drug itself.
Packaging is considered part of the drug, and this is stated clearly in the regu-
lations as part of the complete descriptions and definitions used to define
packaging as part of any drug submission. The packaging portion of the sub-
mission information is contained in the Chemical, Manufacturing, and Controls
(CMC) section of New Drug Application (NDA) (1). The materials used to
protect a product must pass numerous tests and produce data for documentation
in the same way the active pharmaceutical ingredient (API) and the excipients
blended with it must pass to support any claims for efficacy and disease treat-
ment made by the manufacturer.

157



158 Chapter 5

This chapter is designed to provide the reader with a general overview of
the regulatory requirements and is not to be considered definitive in any way. It
is a summary to help in understanding the demands placed on packaging; it is not
a guide for how to put together a submission or how to qualify packaging. The
company or individual preparing a regulatory submission to the FDA is
responsible for meeting the requirements set by the agency for approval. These
requirements are contained in the statutes and also in the FDA’s interpretation of
the statutes presented as guidance to their current interpretation of a specific
statute for the drug or device in question. The process is interactive between the
agency and the manufacturer, with multiple phases and steps required to move
from the identification of an API to drug approval. The process does not stop
after approval. Postlaunch surveillance by the manufacturer and the agency
continues throughout a drug’s life. Data are constantly gathered on adverse
reactions, complaints of any type about the product, its packaging, its labeling, or
any other issue considered significant and reported by a user. This information is
periodically reviewed to determine if some long-term effect or reaction to the
drug or device manifests itself in long-term use. The results can be both positive
and negative. With a positive result, new claims or other extended uses of the
drug will be added to the labeling. If the information is negative, additional
warnings or restrictions for use may be added to the labeling.

The regulatory process follows the orderly sequence that all pharmaceu-
tical products go through from initial discovery of a biologically active com-
pound to its final approval as a pharmaceutical. It is built around increasing
levels of review and evaluation each time a compound is subjected to animal or
human interactions. A review of the various phases of this process is necessary to
understand the regulatory environment in the United States and the rest of the
world. These reviews coupled with the regulatory scrutiny any pharmaceutical or
medical device undergoes are necessary to understand why it is so hard to get
one compound through the review and approval process. In fact, the process and
the odds of developing a new drug are so difficult and long that it is not unusual
for a researcher at a pharmaceutical company to never work on an approved
drug. The pharmaceutical company spends large amounts of money at each
phase of this testing and deploys the majority of its R&D staff in the various
phases of this product development review and approval process. It is interesting
to note in the accompanying tables the large number of people who follow and
study the development of a drug. This group of people are constantly looking for
problems and issues with any new product. They are audited and reviewed in
their methods and ability to monitor patients and develop data necessary for a
NDA (1). It provides everyone with a measure of security that a drug has
undergone significant review and permits everyone to understand just how
complicated the human body really is when problems surface even after very
diligent screening at each phase in the approval process.

Each level of review and testing raises the bar on requirements for
approval (Table 1). Only one in five drugs entering clinical trials gains FDA
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Table 1 R&D Spending by Function Pharmaceutical Research and Manufacturers of
America Member Companies, 2003

Function Dollars (in millions) Share (%)
Prehuman/preclinical 10,983.3 31.9
Phase 1 2333.6 6.8
Phase 11 3809.6 1.1
Phase 111 8038.1 233
Approval 41454 12.0
Phase 1V 3698.1 10.7
Uncategorized 1445.2 4.2
Total R&D 34,453.3 100.0

Source: Pharmaceutical Research and Manufacturers of America Annual Membership Survey, 2005.

approval. Many times a material or compound can complete the entire process
and not be introduced because in the last phase of testing it is determined that the
product is equal to or possibly less than equal to a product already on the market
or perhaps only equal to an older generic product. This last situation is the worst
possible outcome for a pharmaceutical company. They are faced with dis-
continuing work on a compound that has taken many years to understand and
have a huge investment in research, development, and testing. Alternatively, the
company may try to recoup some of this investment by introducing and pro-
moting a product that is no better than something already in use. This decision
complicated by the costs of scale-up and marketing is weighed against the size of
market and the need for another competitor in a therapeutic area. A determi-
nation of whether the sunk costs (research and development spending) or at least
a substantial portion of them can be recovered with a product equal to others on
the market is extremely difficult. The Pharmaceutical Research and Manu-
facturers Association (PhARMA) estimates that only 3 out of every 10 drugs
completing the approval process recover their research and development costs
(2). Remember, it is estimated to take approximately $800 million (Table 1) to
bring a drug to market, with the majority of that being spent on clinical testing
needed to develop data necessary for approval of the product. This cost has
increased from $138 million in the 1970s (2).

Stages in the Identification and Qualification of a Drug

The drug approval process follows the following steps:

Drug discovery

Preclinical testing

Investigational New Drug (IND) review
Clinical trials

v
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5. FDA approval (or approval in other parts of the world)
6. Post-marketing surveillance
7. Phase IV studies

DRUG DISCOVERY

Drug discovery is just what the name states, researchers identify a disease or
condition to study that may respond to pharmaceutical treatment. During the
study of the biochemical causes or other initiators of a disease or genetic con-
dition, numerous chemical compounds that may interfere or stop the chemical
path of the ailment or malady are identified and screened. Small chemical
molecules, both organic and inorganic, received the majority of screening during
the 20th century, and as a result, it is somewhat unusual for a new small chemical
molecule to be identified as a potential pharmaceutical product. Biotechnology
and its promise to harness the power of much larger molecules have now become
the primary area of investigation in pharmaceutical drug discovery. This tech-
nology has highlighted the tremendous power of highly specialized proteins for
catalysis or chemical intervention. A good example of the power of these dis-
coveries is in treatment of rheumatoid arthritis. Here a biomolecule, [e.g., eta-
nercept (Embrel) or adalimumab (Humira)] interferes with the chemistry of an
agent called tumor necrosis factor and has significantly improved treatment of a
debilitating condition. It has also been found to remediate a number of other
conditions all catalyzed by the same chemical pathway. This type of research
constitutes one of the main areas of drug discovery.

Genetics, particularly the sequencing of the human genome, is another area
of intense research that attempts to understand how the body works and what
may be missing or added in people with specific genetic conditions. The com-
pounds are screened using a technique called computational chemistry. This
unique computer-based technique identifies all of the potential molecules or
compounds that may interact with the chemistry of the disease. The problem
with doing this is its complexity. For example, the number of combinations of 20
or so amino acids in a typical protein of 350 amino acids result in more possi-
bilities than any laboratory would have time to test. The molecules that may
show biologic activity in blocking or treating a chemical sequence of reactions
that constitute a disease may only be one or two of the possible combinations.
Using computer techniques, all the possible combinations of these amino acids
can be cataloged and evaluated statistically for their possible interaction with the
disease. The total number of possibilities is reduced to a manageable number of
possibilities for investigation. From this computer-assisted identification tech-
nique, the scientists will create the molecules with promise and begin testing
them in cell cultures or other surrogates for cells that permit a determination of
potential activity. As a sidelight to this description of proteins, keep in mind that
it is not just the amino acid sequences that present a major problem to
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development of a new drug. Proteins fold or can be pictured as odd-shaped
entities where the polymer backbone folds and convolutes to present small, very
specific active sites on the surface of a protein in one configuration of possible
multiple folds that manifest in the ability of the protein to be active. The syn-
thesis, in vitro testing, and other investigatory requirements and techniques mean
that drug discovery takes many years to complete.

PRECLINICAL TESTING

Candidate pharmaceuticals identified in the drug discovery phase of the approval
sequence move into a second stage of testing called preclinical testing or trials.
This stage of testing determines if a potential candidate will go on to clinical
trials. Testing is conducted in the laboratory and in animals to determine toxi-
cology of the compound and its potential biologic activity. This stage of
development also begins to determine the potential safety of a compound.
During this stage, the chemical and biologic synthesis methods needed to pro-
duce the active ingredient are studied along with the compound itself. The purity
of a compound, the determination if one or more isomers or protein config-
urations of the compound are active, the degree of their activity, the stability of
the compound, and some general pharmacokinetics are all part of the investi-
gation (Table 2).

Both laboratory and animal testing are used in this stage to determine the
toxicity of a product. These studies begin to quantify the minimum and maxi-
mum dosage limits for the potential API. All of the testing is designed to gain a
complete picture of the biologic activity of the compound and to determine the

Table 2 Research and Development Staff Assignments Domestic R&D Scientific,
Professional, and Technical Staff Personnel by Function, Pharmaceutical Research and
Manufacturers of America Member Companies, 2003

Function Personnel Share (%)
Prehuman/preclinical 27,042 34.9
Phase 1 54,216 7.0
Phase II 66,879 8.9
Phase IIT 116,316 21.1
Approval 45,604 7.2
Phase IV 17,940 10.3
Uncategorized 1874 24
Total R&D staff 71,077 91.8
Supported R&D non-staff 6382 8.2
Total R&D personnel 77,459 100.0

Source: Pharmaceutical Research and Manufacturers of America Annual Membership Survey, 2005.
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safety and efficacy of the candidate compound. Synthesis of the compound
through multiple chemical pathways or with multiple biotechnology techniques
for manufacturing are evaluated to determine if it is feasible and possible to
make the product or the API in the necessary quantities. These tests determine
some of the problems and difficulties associated with producing the compound
on a large scale. Scale is usually determined by the identification of the number
of patients worldwide who suffer from the disease or condition. During the
preclinical testing phase of a product, other key starting points for dosing,
packaging, and dispensing are explored. The formulation of the product and the
form in which it will be presented to the patient, for example, tablet, inhaler, and
injection, are all part of this phase of development. Packaging of potential
products for stability testing and for delivering the various potential dosage
forms or dosage delivery methods is a key part of this part of development and
discovery. The decisions made on packaging size, materials, protection, and the
other properties the packaging must provide to the product are for the most part
determined and locked in during this phase of development. Many times these
“best guesses” are wrong, and packaging must be redone when information
developed in stability or further clinical testing indicates that the assumptions
about stability, dosing, or the patient’s method of use made at this early stage of
drug development were wrong. Preclinical testing is extremely rigorous because
it provides the data and the scientific rationale and basis for engaging the reg-
ulatory process and the FDA. All information developed in the preclinical phase
of the drug approval sequence is required to prepare the first documented reg-
ulatory submission of the compound to the FDA as an IND application.

INVESTIGATIONAL NEW DRUG REVIEW

After all the possible investigations into the safety and efficacy of a compound
are completed, the next step is to begin testing in humans. The pharmaceutical
company submits an IND application to the FDA for review. At this point, the
molecule or compound changes legal status and is considered a drug that is
subject to the Federal Food, Drug, and Cosmetic Act. This is the entrance of the
product into the FDA’s pharmaceutical regulatory system. The IND application
is designed to protect patients from an unreasonable level of risk or danger in
clinical trials. The IND contains all the toxicology studies of the drug in animals,
the chemical characterization of the drug, the methods for manufacture of
clinical quantities of the drug, the clinical packaging of the drug, and the data
derived to support that the drug treats a specific condition or conditions. The
IND must also contain the proposed clinical protocols and information about the
investigators who will perform the clinical trials. The clinical protocols must be
detailed to insure that the patients are not being subjected to any unnecessary
risks. The information about the clinical investigators, usually doctors, is to
assess that they are qualified to carry out the trials. Last but not least are
commitments to obtain informed consent from the subjects exposed to the drug



The Regulatory Environment 163

in the trial, the method or methods that will be used in the study for determi-
nation of the drug’s effects by an institutional review board, and the commitment
to adhere to the IND regulations by the company, university, or investigator
undertaking the evaluation.

Packaging for an IND is contained in the CMC section of the IND. The
background and information supplied describe the components and how they are
assembled into a finished packaging system. The information outlines data
developed that ensures the protection and preservation of the drug during clinical
trials. The submission also contains any precautions necessary to maintain the
product and the package throughout the clinical trial. Container closure system
information and how it is submitted to the FDA are outlined in the FDA guid-
ance for industry entitled Content and Format of IND Applications for Phase I
Studies of Drugs, Including Well-Characterized, Therapeutic, Biotechnology-
Derived Products (November 1995).

CLINICAL TRIALS

Following acceptance of the IND, clinical trials begin in humans. There are three
phases to these trials, called, as one would expect, phase I, phase II, and phase III
clinical trials. Clinical trials can last from 1 to 10 years. At times they may be
shortened if a drug shows such remarkable promise in its performance that
additional testing is not required or if the therapy is for an orphan disease or
condition. An orphan disease or condition is one that affects a very small number
of people and has no currently available treatment. These exceptions and the
methods used to determine the exceptions are contained in the regulations. Each
of the clinical trials is designed to learn more about the safety and effectiveness
of the pharmaceutical product in question.

Phase 1 Clinical Trials

Phase I clinical trials are designed to establish the safety of the drug, the safe
dosage range, and the biologic mechanism of action that the drug creates in
human test subjects. This phase of the trial is conducted on 20 to 100 volunteers.
This type of trial is to ascertain that no surprises are present in the reaction of a
drug with humans. All the subjects in this phase of the trial are healthy and
typically do not have the condition under evaluation. This could be considered a
very controlled screening of the toxicity of the molecule.

Phase Il Clinical Trials

Phase 1II clinical trials are where the study of the disease in humans really begins.
The testing introduces placebo controls to determine if the drug’s effectiveness is
real or whether it is a figment of the patient’s imagination. During this phase of
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testing, the type of subject for the trial is detailed in the protocol for the test. The
trial consists of testing the drug in 100 to 500 volunteers with the disease. Along
with testing for effectiveness of the product against the disease, continued data
gathering on safety, the determination of side effects, the effectiveness of the
dosage form, and if the product is used outside the clinical site, for example, in
the home, the effectiveness of the packaging in delivering the product correctly
are all included in the data required. Subjects are studied intensively to deter-
mine the proper dosage regimen and if this varies dramatically from the
assumptions used or determined in the preclinical stability studies and phase I
testing, and if the product presentation to the doctor or patient thought to be best
initially for treatment is adequate or if a complete rework of the packaging is
needed to deliver the drug properly to the patient. This rarely happens for tablets,
but for other dosage forms, problems are identified and more common. This is
the most common place in the package testing and development that requires
major packaging changes. If compliance is a key to the drug’s performance, the
design of packaging to maximize doctor and patient’s understanding of use of the
product is studied in detail. Compliance with treatments that require long-term
use is one of the most difficult problems when developing and administering a
drug to patients outside a controlled setting such as the hospital.

Phase 11l Clinical Trials

Phase III clinical trials are the last major hurdle for a product to successfully
complete on the way to regulatory approval. Phase III is a large-scale trial of
1000 to 5000 patients in hospitals, clinics, and physician offices that removes
many of the preselection criteria of candidates in phase II and exposes the drug
to a wide variety of patients with the disease. These trials produce the statistical
evidence in the general population needed to prove drug effectiveness. The
patients are typically a random selection of people with the disease; however,
patients with certain risk factors discovered in earlier clinical trials are identified
and excluded. These exclusions are detailed in the labeling used for the product.
The trial is completely blinded to the people administering the trial. This means
that the placebo and actual drug product look or behave alike in their physical
characteristics, and the packaging for the placebo and the drug are the same so as
not to disclose the nature of the package content. Packaging in phase III trials
may be a continuation of the earlier product presentation but should, if possible,
be the final package in which the drug will be introduced without the colorful
graphics and other elements of final labeling. Because a large number of patients
are needed in a phase III trial and the amount of study of each patient throughout
the treatment regimen, whether they receive drug or placebo, is required to
determine if the product performs properly, these trials take the longest amount
of time and consume the greatest amount of resources in the development of a
product.
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FDA APPROVAL

At the completion of the phase III clinical trials, the developer prepares a complete
NDA for the product and submits it to the FDA. Following receipt of the NDA, FDA
scientists and advisory panels review all the data collected about the drug over the
many years of testing. The scientists and committees focus on the safety, potential
risks, and benefits a product has to offer, other alternative treatments for the disease,
and any other factors pertinent to determining if the product’s data justify its approval
and release to the public. Numerous meetings take place throughout the process, and
it is not unusual for the agency to request additional information or to submit a list of
questions regarding the product for a company to answer. The requests may be for an
expansion of the data developed, a query specific to a particular aspect of how the
submission was prepared, how data was treated or summarized in the submission, or
a specific question or specific testing requirement that expands specific parts of the
information to further elucidate the performance and function of the drug. The CMC
section of the documentation undergoes equally rigorous scrutiny regarding all
aspects of manufacturing, validation, product protection, and packaging developed
for the product along with a submission of the proposed labeling of the product.

Labeling and its claims can be contentious at this stage of review, and
multiple changes may be required by the agency up to and including the final
labeling they approve with the final approval of the NDA.

Companies continue long-term toxicity testing, evaluations of dosage
forms, potential manufacturing methods, and evaluation of package design and
performance during the initial stages of manufacture and during the first months
the product is on the market.

A drug at this stage of approval has undergone an amazing gauntlet of tests
and evaluation to finally be approved. It is one of approximately 10,000 com-
pounds originally identified that actually performs as hoped to treat a disease.
This complex process yields approval of only one in five drugs that enter clinical
trials.

POST-MARKETING SURVEILLANCE AND PHASE 1V STUDIES

After approval is granted, a drug continues to be studied throughout its useful
life. Companies are required to constantly monitor the safety of products and
determine how these products affect particular groups of patients who had a
small statistical representation in the clinical trials, particularly in phase III trials.

The product safety monitoring by the companies, including a review of all
complaints and reports of side effects, drug interactions, and adverse events must
be reported to the FDA on a very rigid schedule. Companies are required to
report and investigate adverse events quickly and maintain communication with
the FDA on the investigation into the adverse reaction and its results. It is not
unusual for a product to receive initial approval in phase III, but as the number of
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patients exposed to the drug grows, new and different safety and efficacy results
emerge. This information must constantly be submitted to the agency and may
precipitate required updating of the labeling for a product. From time to time, a
product may be removed from the market on the basis of safety data derived in
the post-marketing surveillance of the product by the manufacturer. Conversely,
data derived from the continued monitoring of a product may result in the
discovery that it is an effective treatment for other conditions beyond those for
which it was originally approved. In this case, the labeling is updated to include
the new claims, and the manufacturer will begin promoting the product for
the new conditions. Manufacturers and the FDA work together to insure that the
patient is receiving the best information and best data available about the
product’s performance and safety.

THE REGULATORY ARENA

In the United States, a number of federal agencies have jurisdiction over
packaging for drugs and food. The primary agencies are the FDA and the
Consumer Product Safety Commission (CPSC). With the recent rise of nutra-
ceuticals or food products falling somewhere between a drug and a food, the
United States Department of Agriculture (USDA) may also be involved. Con-
gress has also passed pieces of legislation that applies to drug manufacture and
packaging that are outside these agencies’ areas of responsibility. These pieces
of legislation and associated agencies include the Toxic Substance Control Act
(TOSCA), the Occupational Safety and Health Administration (OSHA), the
Resource Conservation and Recovery Act (RCRA), the Clean Air Act, and the
Comprehensive Environmental Responsibility Compensation and Liability Act
(CERCLA). The requirements and information needed to answer the provisions
of the legislation for these other regulatory agencies apply broadly to the man-
ufacture of all types of substances, not just pharmaceuticals, so they are excluded
from this discussion.

Along with all the governmental agencies, a number of other references
and their requirements must be considered in meeting the regulatory require-
ments for packaging any drug. In particular, the United States Pharmacopoeia
(USP)-National Formulary (NF) must be consulted and complied with as part of
developing or qualifying packaging for a product. The Pharmacopoeia and
Formulary is mentioned specifically in legislation and carries the force of law in
its requirements. This reference is recognized as definitive in the Food, Drug,
and Cosmetic Act.

The regulatory process is a complex web of laws, guidance documents, and
opinions that constitute an area of study unto itself. A general summary of major
or key requirements, considerations, and other items that are part of packaging
design and development provide a basic understanding of how regulatory
requirements affect the design, development, and approval process for any drug.
The regulatory process effects the packaging material selection process, the
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package manufacturing process, the pharmaceutical acceptance process for
materials, the pharmaceutical packaging and labeling process, and the continuing
scrutiny that manufacturing (including batch records) receives in the ongoing
manufacture of drugs. It extends to the methods and controls for recording out-
of-specification products or procedural hiccups in the manufacturing process that
may determine, influence, or question if a particular lot of products are equiv-
alent to all others. It includes requirements for testing and documentation of the
investigation of what are called major and minor deviations in product manu-
facture that occur from time to time when things are made on an ongoing basis. It
extends to the investigation of complaints from the field and whether these real
or perceived shortcomings of a product recorded by the doctor or consumer can
be traced to a problem in manufacturing or packaging. It also extends to the
requirements and methods used to make major or minor alterations to a product
over the course of their useful life. An example of packaging change over the
product’s life would be the qualification of an alternate plastic material used to
manufacture a container for the product.

THE UNITED STATES FOOD AND DRUG ADMINISTRATION

The FDA is not a new agency in the U.S. Government. It traces its roots back to
1906 when problems with adulterated foods were relatively commonplace. The
original problem focused on packaged meat, and was highlighted by Sinclair
Lewis in his book entitled The Jungle. This book captured the public attention
and described many problems that existed in meatpacking at the turn of the 20th
century. The original act passed by Congress authorized the FDA to police
interstate commerce for mislabeled and adulterated food and drugs. This is when
some of the original “snake oil” remedies came under review, along with canned,
frozen, and refrigerated meats. This is why many of those quaint old-time
remedies marketed in the 19th century are no longer around.

It was not until 1938, when the Food, Drug, and Cosmetic Act was passed
by Congress, that the FDA gained the authority to establish definitions and
standards of identity for foods, drugs, and cosmetics. The agency was also given
authority to evaluate and provide clearance to drugs after appropriate safety
evaluations were completed. The law brought cosmetics under the agency’s
review for misbranding, mislabeling, or adulteration.

Over the next twenty years, the growing use of food additives prompted
Congress to pass amendments to the act in 1958 that regulated their use. A part
of these amendments was the first direct statements that outlined requirements
about materials in contact with food or in the packaging of food that were not
permitted to become part of the food. Food colorants were included as another
amendment to the act in 1960. Congress continued to add to the power of
the agency in 1962 after thalidomide was shown to cause severe birth defects. The
fortunate thing for the United States was that the Agency had not approved the
drug for use here. In Europe the product was approved and prescribed for women
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who were pregnant. When the drug was used in pregnancy, infants were horribly
affected and were born with missing limbs. The drug caused this birth defect.
The tragedy did touch a few in the United States; women who received pre-
scriptions and took the drug in Europe, after return to home had babies with the
same tragic deformities.

Following this tragedy and the public outcry that ensued, the FDA was
given the power to base preclearance of drugs on both efficacy and safety. They
were also instructed to use an affirmative clearance process that differed from
their previous policy of a waiting period and non-objection procedure. This
affirmative clearance power has evolved into the sophisticated drug trials and
reviews now used for all drugs. Today’s law prohibits the introduction of a drug
or the method to deliver a drug into interstate commerce without following an
application procedure first set forth in Section 505(b) of the 1938 act.

To implement all the provisions of this law, the FDA has published
numerous regulations contained in the Code of Federal Regulations (CFR) pub-
lished under Title 21 (3). These regulations detail testing, studies, data, pack-
aging, manufacturing practices and processes, and clinical studies that must be
conducted and submitted to the agency for review and approval. Major regu-
lations for the data submissions, testing, and approving new products as INDs are
contained in Section 312, the first major hurdle in the drug approval process.
Section 314 details all the information necessary to file a NDA, the formal result
of years of testing and clinical trials that prove that the pharmaceutical product is
safe and efficacious for use. Drug labeling requirements are detailed in Section
201 of Title 21 of the CFR (3). Essentially, the 1938 act and later amendments to
the act require the submission of full reports detailing all investigations conducted
to study and show that a drug is safe and effective for use, a complete list of the
materials used in the components of the drug, a full statement detailing the
composition of the drug, and a full description of all the manufacturing methods,
processing, procedures, and packaging of the drug. It also requires the manu-
facturer to submit samples of the drug and its components as required by the
secretary (read FDA or agency) and all specimens of the labeling proposed for the
drug. The labeling is very important because it contains all claims, warnings, and
uses of the drug. These are scrutinized in the same way the chemical and clinical
results are reviewed. The claims of efficacy used to describe the performance of
the drug must be proven by the data submitted.

In addition to the laws and the specific citations of the law in the CFR, the
agency also issues guidelines or guidance that defines and clarifies the latest
thinking of the agency on the subject. The guidance explains, defines, or clarifies
what the FDA will use as criteria for their standards in interpretation of the
regulation and how they will evaluate what a manufacturer provides in a sub-
mission. These guidelines, which are not binding because they are not regu-
lations or laws, are not enforceable either through administrative actions
or through the courts, but provide insight into the agency’s current thinking
on a subject. The guidance documents provide information regarding design,
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production, manufacturing, and testing of regulated products that are consistent
with the position of the part of the agency that will review and approve or reject
an application. Guidance provides clarification but not definitive steps to follow
or the specific requirements necessary to meet the FDA’s needs. The agency
always refers to alternative approaches that may satisfy the statute or regulations.
Alternative approaches require review and discussion with the FDA to avoid a
later determination that the approach(s) being considered are not correct or are
inappropriate to meet the requirements of approval. These guidelines in separate
sections define the manufacture of drugs, samples, analytical data, validation
methods, stability, and packaging. The packaging guideline was published in the
Federal Register in 1984 and finalized three years later in 1987. The latest
version of this original guideline or guidance was published in May of 1999.

The complete series of guidelines and each individual document are titled
and are referred to as “Guidance for Industry” published by the agency and the
various subdivisions of the agency such as the Center for Drug Evaluation and
Research (CDER) and the Center for Biologics Evaluation and Research
(CBER). They represent the current thinking of the agency on various topics and
are provided to help all parties, private and corporate, understand the rigor of the
review process as determined by the agency and its subsections. These guidance
documents are not part of the law and are updated and changed periodically. For
packaging, the current guidance for industry is titled “Container Closure Systems
for Packaging Human Drugs and Biologics,” Chemistry, Manufacturing, and
Controls Documentation. These guidance documents and the laws behind them
are not easy or simple reading but are required reading for a packaging pro-
fessional engaged in the development of new packaging for a new drug. There
are also multiple study aids, formal classes, and seminars to help you understand
how to provide the agency with the information needed to make the process
move forward smoothly. The FDA always has the final word, and unfortunately,
if one of these outside aids is in error or is misinterpreted, the person or company
must go back and do what the agency specifies and requires in its review and
approval process. Many groups have lost considerable time in the development
and testing process for a new drug by not reviewing carefully the information
and laws governing the item in development and relying on outside information
that may be out-of-date or erroneous. Large pharmaceutical manufacturers
maintain extensive Regulatory Affairs departments. This department may be part
of a Medical Affairs department and may use this title as well. These pro-
fessionals are responsible for determining what the agency requires and what
must be done in developing and documenting a drug’s data for submission.
These individuals meet frequently with their counterparts in the FDA to clarify
and understand how the agency may view something novel or different from
similar processes used for other products. They also explain and review with the
agency novel approaches or ideas the manufacturer or developer wants to use in
the various trials.
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A GENERAL OVERVIEW OF THE DRUG APPROVAL PROCESS

The FDA considers packaging to be part of the pharmaceutical product. Infor-
mation regarding packaging must be submitted as part of the IND and NDA
processes, and additional procedures are provided by the agency for Abbreviated
New Drug Applications (ANDA). This is sometimes referred to as an amended
NDA. The ANDA covers many of the changes in source of supply, location
of manufacture, or substitution of materials required over the lifetime of
a product and uses the same methods and standards in abbreviated form to
prove equivalence to the original product described in the NDA-developed
material or procedure. It can be quite extensive depending on the changes being
undertaken.

Originally, the requirements for packaging were spelled out in the
Guideline for Submitting Documentation for Packaging for Human Drugs and
Biologics issued in February 1987 and a packaging policy statement issued in a
letter to industry in June of 1995 from the Office of Generic Drugs. Currently,
the latest information is contained in FDA Guidance for Industry titled “Con-
tainer Closure Systems for Packaging Human Drugs and Biologics” issued in
May of 1999. The subtitle of the document is Chemistry, Manufacturing, and
Controls Documentation. This guidance is broken up into the following sections:

INTRODUCTION

BACKGROUND

Definitions

CGMP, CPSC, And USP Requirements on Containers and Closures
Additional Considerations

QUALIFICATION AND QUALITY CONTROL OF PACKAGING COMPONENTS

Introduction

General Considerations

Information That Should Be Submitted in Support of an Original Application for
Any Drug Product.

Inhalation Drug Products

Drug Products for Injection and Ophthalmic Drug Products

Liquid-Based Oral and Topical Drug Products and Topical Delivery Systems

Solid Oral Dosage Forms and Powders for Reconstitution

Other Dosage Forms

POSTAPPROVAL PACKAGING CHANGES
TYPE III DRUG MASTER FILES

General Comments
Information in a Type III DMF
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BULK CONTAINERS
Containers for Bulk Drug Substances
Containers for Bulk Drug Products

ATTACHMENT A
REGULATORY REQUIREMENTS

ATTACHMENT B
COMPLIANCE POLICY GUIDES THAT CONCERN PACKAGING

ATTACHMENT C
EXTRACTINON STUDIES

ATTACHMENT D
ABBREVIATIONS

ATTACHMENT E
REFERENCES

The Federal Food, Drug, and Cosmetic Act defines the role of packaging
very clearly in Section 501 and mandates the need for adequate information on
packaging materials. This section states, “A drug or device shall be deemed to be
adulterated . . . if its container is composed, in whole or in part, of any poisonous
or deleterious substance which may render the contents injurious to health”
[Section 501(a) (4)] or “if it is a drug and the methods used in or the facilities or
controls used for, its manufacture, processing, packing, or holding do not con-
form to or are not operated or administered in conformity with current good
manufacturing practices (CGMP) to assure that such drug meets the require-
ments of this Act as to safety and has the identity and strength, and meets the
quality and purity characteristics which it purports or is represented to possess”
[Section 501(a) (2) (B)]. CGMP is discussed later in this chapter.

Section 502 of the act defines misbranded product when there are pack-
aging omissions, and Section 505 (b) (2) (D) of the act describes, “An appli-
cation shall include a full description of the methods used in, the manufacturing,
processing and packing of such drug. This includes facilities and controls used in
the packaging of a drug product.”

THE DRUG PACKAGING APPROVAL PROCESS

What does it take to get a drug approved by the FDA? What is required of the
packaging by the FDA for the drug approval? Packaging is considered part of
the drug. This means that data surrounding the performance of the packaging and
the drug together are required as part of the proof or data needed by the agency to
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properly review and approve a new drug. The regulations, which are summarized
in the sections of the guidance detailed in the last section of this chapter, require
that “full information. . .in sufficient detail to permit evaluation of the adequacy
of the described methods of manufacture, processes, including packaging and the
facilities and controls used to manufacture the drug preserve the identity,
strength, quality, and purity of the drug” (2). The agency also requires infor-
mation “with respect to the characteristics of the test methods employed for the
container, closure or other components of the drug package to assure their
suitability for the intended use” (2).

Samples of the finished packaging must accompany the NDA submission.
The information regarding the package in many cases involves details about the
materials and components of the package that are proprietary to the manufacture
of the package or one of its components. This proprietary information requires
protection so that it does not become publicly known. Proprietary information is
regarded as a trade secret by the manufacturer, which they do not want to make
available to their competition. It includes information that is not patented because
it is deemed sensitive to the product or the process. The FDA has a procedure to
protect this information and requires that the manufacturer establish with the
agency a Drug Master File (DMF) as part of the submission process. The pro-
prietary information is submitted directly by the manufacturer to the FDA. It is
kept in the DMF that can be accessed by the agency only when it is authorized to
do so by the submitter of the NDA. The background information held within the
DMF only proves the ingredients in the packaging or the other materials are
considered safe on the basis of toxicologic or other standards established for
those materials. It may also contain information on manufacturing processes or
closure processes that are new or proprietary in how they are employed with the
product. Even if all the materials and components used for packaging a drug have
been on the market and have been used with similar drug compounds, the man-
ufacturer must still prove that the packaging will maintain the quality, strength,
purity, and other properties of the drug as specified in Title 21.

Once a product and package are cleared by the agency for use, it becomes
very expensive in time and testing to prove that another material, process, or
package are equally safe for use. If manufacturers want to change a package or
introduce a new package, they must submit a supplemental application called an
ANDA for review. This application may not need to go through all the testing of
the original NDA if equivalence can be demonstrated in various aspects of the
application. An example of this would be using a second source of an approved
USP material for the manufacture or packaging of the product. In the review of
supplemental applications by the agency, the focus and area of proof typically
centers on stability. Some changes may require prior approval before imple-
mentation, and some changes may only require detailed explanations in the
submission of the annual report. The annual report summarizes all changes in
packaging and labeling made to a product throughout the year. In most cases, it
documents updates to labeling required by the FDA for various classes of drugs,
or it updates a change and qualification of a packaging material from another
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Table 3 Examples of Packaging Concerns for Common Classes of Drug Products

Likelihood of packaging component—dosage

Degree of concern form interaction

associated with the

route of administration High Medium Low

Highest Inhalation aerosols Sterile powders and
and solutions: powders for injection;
injections and inhalation powders
injectable suspensions®

High Ophthalmic solutions

and suspensions;
transdermal ointments
and patches; nasal
aerosols and sprays

Low Topical solutions and  Topical powders; Oral tablets
suspensions; topical oral powders and oral
and lingual aerosols; (hard and
oral solutions and soft gelatin)
suspensions capsules

“For the purposes of this table, the term “suspension” is used to mean a mixture of two immiscible
phases (e.g., solid in liquid or liquid in liquid). As such, it encompasses a wide variety of dosage
forms such as creams, ointments, gels, and emulsions, as well as suspensions in the pharmaceutical
sense.

source. Many times a material is changed or discontinued, and the manufacturer
must qualify a similar material as a replacement. Since the qualification is the
same as that detailed in the original submission, the FDA requires that the
manufacturer carry out the same validation and testing protocol, including sta-
bility, before the substitute material is placed into production. Because the data
and testing are proving equivalence, the agency may permit this to be reported at
the end of the year as part of the summary of all changes made to a product.
Contained in the Guidance for Packaging is a table (Table 3) that represents the
level of scrutiny a packaging component will receive depending on the type of
drug and how the package is used.

CURRENT GOOD MANUFACTURING PRACTICES

CGMPs (note that this may also be abbreviated as cGMP) is not a new invention
of the FDA (5). CGMP has gained prominence in the past 20 years because much
more emphasis is being placed on the total system used to manufacture and
package drugs. The regulations covering CGMP are contained in Part 211 of
Title 21 of the CFR. They discuss multiple aspects of manufacturing and have a
number of references to packaging. They are also used to emphasize the vali-
dation aspects of manufacturing.
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VALIDATION

To digress for a moment, some discussion of validation is necessary in today’s
regulatory climate. Validation is not a new concept. It stands for the proof
needed to manufacture anything reliably within established specifications. It is
the data needed to prove that the equipment, materials, and processes used to
produce anything, in this case drug products, when controlled properly and
sufficiently, will produce the same result over and over again. Validation is
required as part of the regulations for pharmaceuticals and medical devices. This
requirement is stated in 21CFR Section 210 and Section 211 (3) and the Good
Manufacturing Practice Regulations for Medical Devices, 21CFR Section 820.

Validation and certification began in the aircraft and nuclear power
industries. Each of these technologies can have cataclysmic consequences if
something does not perform in the expected manner. Certifying an airplane
engine to insure that it will continue to operate in torrential rain, hail, snow, ice,
or after multiple bird ingestions answers questions everyone, not just regulators,
ask about a new piece of equipment. The development of test methods, carrying
out rigorous tests, documenting the tests, and providing data that proves without
a doubt that the engine will continue to operate in bad weather or under adverse
conditions are together an example of validation or certification.

The FDA has adopted a similar position regarding drug manufacturing and
packaging. They do not tell a manufacturer how to prove that a drug and its
package will perform as stated. They hold the manufacturer accountable for
maintenance of quality, purity, strength, and efficacy of a product over its
claimed shelf life.

Process validation is part of current good manufacturing practices (CGMP)
for pharmaceuticals and medical devices (4). The FDA recognizes that because
there is a great variety of products, both pharmaceuticals and medical devices,
and a wide variety of equipments and materials including packaging, no
guideline can cover all situations. What they do is provide the manufacturer a
broad guideline of concepts and expected requirements that a manufacturer can
use to prove that a product is properly produced. The FDA follows some basic
principles regarding quality assurance of a product, which are as follows (4):

e Quality, safety, and effectiveness must be designed and built into a
product.
Quality cannot be inspected or tested into a finished product.
Each step of the manufacturing and packaging process must be controlled
to maximize the probability that the finished product meets all quality and
design specifications.

These guidelines emphasize that the process and the materials used in a
process must be the same each time the product is produced. Packaging com-
ponents are no different from chemicals used to synthesize the pharmaceutical
product and no different in their manufacturing process from any of the pieces of
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processing equipment that the pharmaceutical passes through or is held in during
the manufacturing process. For a medical device, each device cannot be tested
and modified to prove that it works as stated each time. A good process vali-
dation identifies key process variables that must be monitored and documented
and when maintained directly influence the operation of the device in the same
manner each time.

The packaging components produced to protect a pharmaceutical product
must follow the same idea of validation. Validation develops the proof needed to
assure a high degree of confidence in a process to produce to predetermined
specifications defining the packaging article or component in a consistent
manner. A validation protocol is a plan that states how validation will be con-
ducted, the testing regimen and parameters, the product characteristics, pro-
duction equipment, and decision points that define what is required to produce an
acceptable result in the package testing. It must be prepared by the manufacturer
to prove that the packaging used for a product is reproducible each time it is
manufactured for the pharmaceutical manufacturing process. If the process is
modified slightly, such as variations in temperature or pressure used during the
extrusion and blow molding of plastic bottles, the acceptable range of conditions
must be reviewed and tested. The minor modifications required for the process to
produce acceptable containers must be part of the range of conditions tested and
approved. A packaging validation protocol is developed in the same way it is
developed for the drug. The validation protocol must be written and reviewed
using sound scientific, engineering, and statistical principles that assure that the
process and resulting component remain the same. The protocol contains the
procedures and tests that will be used to establish the level of performance and
will specify how the data is to be collected and reported. Numerous testing
protocols are needed for validation of a process or a package and are specific
to the three standard qualification requirements being measured, installation
qualification (IQ), operational qualification (OQ), and performance qualification
(PQ). The letter designations 1Q, OQ, and PQ are the common terms used to
identify which validation component is undergoing review and challenge. The
formal names are used less often. The expected result of the testing, the pre-
testing judgment of the person(s) writing the protocol, is a major determinant of
acceptability if an outside industry standard or test method does not exist. The
protocol defines quantity, sampling, and tests needed to evaluate the package or
performance parameter(s) of the packaging and proves that it meets or exceeds
the required performance level. When a validation protocol is completed for one
of the three components in the validation, 1Q, OQ, or PQ, it contains the test
results and the data behind the results required by the validation protocol indi-
cating how the operation, component or package performed. A summary is also
part of the document and explains the purpose of the specific protocol, what it
was designed to challenge, and the results of that challenge against the expected
result the protocol defined. Remember the validation protocol was developed,
reviewed and approved prior to the testing as a reasonable test to challenge the
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process or the package and prove it was robust and met the needs of the
product it was producing or protecting. All the validation protocols from each
requirement of validation, 1Q, OQ, and PQ must pass the defined protocol and
contain adequate documentation including all test data for FDA review and
critique.

A typical protocol is written after all initial development work is com-
pleted on the new product or the amended product. This development work
establishes the general acceptable limits needed to protect the product with
packaging. In the case of a plastic bottle, for instance, the type of material, the
thickness of the material used in its construction, and the physical characteristics
designed to seal the product in the package are essential parts of the data sets
used in producing stability samples and all the product samples used in clinical
trials.

Product produced in a single-cavity mold or a low-cavitation mold has a
specification developed over time that attests to product performance and quality.
When this product moves into large-scale production, the number of mold cav-
ities used to produce bottles increases. A typical problem for the packaging
engineer is to validate that the new mold tooling with multiple molding cavities
produces bottles that are in all material respects the same as those produced by the
single-cavity tool. Specifications established on the single-cavity mold must be
duplicated for each cavity of a large multi-cavity mold. Varying process con-
ditions, representative of worst-case low operating range, (example low tem-
perature, low pressure, etc.) conditions, nominal (mid-range or normal) operating
conditions and high range (example high temperature and high pressure) oper-
ating conditions and in this case mixtures of high and low operating conditions
(example high temperature/low pressure) are built into the validation protocol to
insure that the mold on its best and worst days of operation still produces bottles
of acceptable quality for packaging the drug. The defined terms are sometimes
referred to as the lower, nominal, and upper control limits for the process. Most
protocols also require the testing to be done multiple times and extend to multiple
batches or multiple production cycles to prove the process is reproducible on a
day to day, or other repetitive basis.

ELECTRONIC DATA SUBMISSION
ELECTRONIC SPECIFICATION SYSTEMS
ELIMINATION OF PAPER RECORDS

21 CFR PART 11 ELECTRONIC RECORDS

Probably no other topic has been discussed, interpreted, or misinterpreted more
than FDA'’s issuance of regulations regarding electronic records, electronic
signatures, and databases containing the electronic records (6). Part 11, as these
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regulations are normally referred to, was issued in 1997 to provide all interested
parties with FDA’s acceptance criteria for electronic records including the use of
electronic signatures. Electronic signatures permit departments in multiple
geographic locations to review and approve a document without physically
transferring the document to each location for signature or using another method
to obtain legally binding signatures and time stamps on documents. This set of
regulations for storing and approving digital documents made electronic files and
signatures equivalent to paper records and handwritten signatures.

Part 11 also applies to electronic records submitted to the FDA even if the
electronic records are not specifically identified in the FDA’s regulations
(§ 11.1). The FDA defines the underlying requirements for documentation set
forth in the Federal Food, Drug, and Cosmetic Act and the Public Health Service
Act (PHS Act), and other FDA regulations as predicate rules. Predicate rules [e.g.,
§§ 11.2(a), 11.2(b), 11.50, 11.70, 11.100, 11.200, and 11.300] that define the
agency’s requirements for paper records relating to pharmaceutical products are
well known for hard copy paper records and documents. Part 11 regulations were
designed from the outset to encourage and permit the adoption of electronic
documentation in the pharmaceutical industry while maintaining the same
safeguards already in place for paper documentation. The original regulations
generated a significant amount of review and discussion between the agency,
industry, and contractors regarding interpretation and implementation of the
regulations. These ongoing discussions and questions about possible issues led
the FDA to publish a compliance policy guide (CPG) 7153.17 and a number of
guidance documents describing electronic records and electronic signatures
validation, glossary of terms, time stamps, maintenance of records, and copies of
electronic records. Even with this effort to clarify and answer the many questions
raised regarding interpretation of the Part 11 requirements, problems continued.
The problems or questions raised were that the regulations would restrict the use
of electronic technology, increase the costs of compliance, and discourage
innovation and the use of technical advances without permitting the obvious
benefits these advances provide. Complicating the problem were questions about
what validation is required on any electronic system, how old paper and new
electronic audit trails could be merged, what were considered legacy systems,
and many others. Further complicating the problem was the fact that 21 CFR Part
11 also contains provisions of the CGMP regulations (21 CFR 211), the Quality
Systems regulations (21 CFR Part 820), and the Good Laboratory Practice for
Nonclinical Laboratory Studies regulations (21 CFR Part 58) (6). Because of
these concerns and, additionally, the FDA’s major review and upgrade of
CGMP, Part 11 will undergo some changes. It is anticipated that most of the
underlying goals of the original regulation will be retained as the technology
evolves. The key point will be insuring that all records are maintained
and submitted in accordance with the predicate rules and that the records provide
the same level of accessibility and understanding as defined in the predicate
rules.
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Later in this section on regulation, new systems and initiatives that will
enlarge the scope of electronic records are described. The important item here is
the need to improve safety for the public and permit companies to benefit from
the best possible method for record keeping.

Electronic record keeping is designed to deal with a number of problems
that are always inherent with paper records. These include

access,
location of records,

maintenance of records in multiple locations,
search capabilities for the records,

archive and retrieval of records,

sharing of records, and

review and approval of records.

Conversion of records to an electronic format in a true database permits a
company to gain the maximum access to the records and the maximum benefit
from the information they contain.

Over the past 10 years, the FDA and a number of leading companies
have placed a great deal of emphasis on developing true electronic specification
and labeling systems or repositories. In some cases, the companies had
legacy systems that met the Part 11 requirements. These systems were permitted
provided they were not materially changed after the March 1997 regulation date.
Companies saw the benefit of electronic files for storage and retrieval and
have converted many records from paper to electronic documents held in these
systems. The goal for the FDA and the companies is improved accuracy of
specifications, engineered drawings, batch records, standard operating proce-
dures (SOPs), labeling, artwork, and promotional materials wherever and
whenever they are used. Electronic systems permit reviewers in multiple loca-
tions to view and approve a document electronically, archive the document in a
more accessible and reliable form when compared with microfiche of the paper
records, and provide the FDA auditor or investigator with fast complete access to
all records necessary to safeguard the public health. Many companies have
begun the conversion from multiple paper and electronic systems to one elec-
tronic system and one electronic digital repository for all information. Think
about the number of records generated on a single product in multiple research
centers or multiple manufacturing locations. What is the best way to maintain
this information and to update it in a controlled and systematic manner? This is
the question that prompted Part 11 when electronic systems were needed and had
the capability to replace paper systems. Real time electronic systems capable of
maintaining a proper audit trail (sometimes called the paper trail) and capable of
being available at multiple locations worldwide 24 hours a day, 7 days a week,
were much more efficient and offered improved safety over systems that relied
on the preparation, dissemination, and constant updating of paper records in each
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location. These improvements along with improved information sharing and
improved productivity were some of the drivers behind the development, vali-
dation, and adoption of electronic systems. The information disseminated over
the company’s own intranet or over a secure Internet system permits the max-
imum use and maximum benefit to be derived from developmental data and
information, manufacturing information, packaging specifications and labeling,
and promotional literature.

CHANGE CONTROL

A goal of all regional or global pharmaceutical and biologic companies with
multiple administrative, research, and manufacturing locations is to make
specifications and records qualified during the development of a new product
available, easily usable, and, most important, searchable by everyone inside the
company. Products are constantly being developed, approved, updated, and
revised. This process requires all records contained in a file system, either
electronic or paper, to maintain revision control and to accurately establish the
time and date any change is made, who authorized or approved the change, and
when the change is effective. This type of control on all records mandates a
disciplined and documented method for change control that is reliable and
accurate. For paper records, the methods were documented in SOPs. The FDA
requires the same for electronic records (7). How electronic records are to be
developed and maintained are left to the companies or department developing
the system. They are required to write the SOPs that establish how records move
from an existing system to another, or how the records transition to a new
electronic system, with most companies emphasizing minimizing the cost and
effort required by converting paper records to electronic records.
Documentation for change control must also be defined in a set of SOPs
that are part of any change control process. This means that each time a spec-
ification or label is revised for whatever reason, the previous version of the
record is archived and the newest version of the record is put into use. Records
used in the development and maintenance of products must be archived in a way
that provides a simple paper or electronic trail that is available for review at any
time. The FDA requires a historical archive and the capability to search devel-
opment and product records. The benefits to a company developing an electronic
system to accomplish this task are multifaceted. The most obvious example is a
searchable database of information that can be configured for multiple purposes
worldwide and can be referenced by anyone in the company anywhere in the
world to review and use. The old saying “don’t re-invent the wheel” may
actually become a reality within a company with a well-designed, well-engi-
neered, and easy-to-use electronic system. Even in small-scale implementations
in document, heavy departments like packaging have the potential to save large
amounts of money and time by providing information, data, test procedures,
specifications, and labeling to individuals located outside the department and
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possibly in remote locations around the world. Many times, the person searching
for needed information, for example, a specification for a specific type of
packaging, would recreate the information because it was faster and easier than
attempting to find it in existing records.

A database available over the company intranet or secured Internet con-
nection is always up-to-date. It can be structured to contain not only the original
records regarding a component specification or label text and graphics but also
all subsequent changes to the records for anything used in a product’s manu-
facture.

This ability to consult and reuse information previously developed
allows the maximum benefit of the data to be available to all who are searching
for the knowledge it contains. Examples of candidate records include
raw material specifications, subassembly specifications, and packaging specifi-
cations for components used in any location anywhere in the world that manu-
facture the product. When multiple vendors are qualified to produce a
component, it means that a company has the ability to cross-reference infor-
mation or use substitutes without a laborious determination of what is qualified
and what is not.

The goal of Part 11 has always been to make these benefits possible. It was
also the first step toward paperwork reduction and the ability of companies to
submit information electronically to the agency. Going forward, the FDA has
multiple initiatives to encourage and improve how information is submitted and
structured for use as electronic submissions and documents.

STRUCTURED PRODUCT LABELING: ENTERPRISE CONTENT
MANAGEMENT, DIGITAL ASSET MANAGEMENT

In the previous section regarding Part 11 common specifications, labeling and
engineered drawings are to be retained in a database with the same capabilities
provided by a hard copy or paper file system containing information about a
product. The newer systems called Enterprise Content Management (ECR) and
Digital Asset Management (DAM) utilize advanced electronic data management
techniques that bring together much larger and broader portions of a company’s
complete information infrastructure. A true ECR system permits the parsing and
use of digital information components that have multiple presentations and uses.
DAM is a subset of a true ECR system. It is the secure database that holds all
digital assets of a product such as pictures, drawings, audio, or video files. These
can be time consuming and costly to create. Making them searchable, trans-
portable, and available to a broad group of departments, suppliers, and users is a
very valuable capability.

The ECR and DAM systems permit digital assets like labeling text and
graphics developed for product packaging to feed multiple secondary uses for the
same information. An example would be the use of a product insert produced
for printing and inclusion in a product being electronically accessed by and used
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by the company or product website that makes the information available for
doctor, pharmacist, or patient review. These systems replace the need to update
single product or multiple product (same product family) information dossiers
one document at a time. The chance for error when tens or hundreds of docu-
ments require modification or change is greatly reduced.

Using eXtensible Markup Language (XML) formats and information
tagged with XML-specific information, a document, web page, or specification
that requires change can be updated simply and quickly. The change of infor-
mation in the specification or labeling is modified once in the XML-tagged data
or text. The electronic system has the capability to search and find all documents
that are part of the change and to automatically substitute the new information in
all similarly tagged text or graphics whenever and wherever they are used (read
multiple plants, offices, sales locations, websites, headquarters, marketing, etc.)
A good example is a Master document that is referenced by all other sub-
documents pertaining to a product. In countries granting complete approval all
references are immediately updated along with the website used by doctors and
healthcare professionals for reference. In countries in different stages of review
and approval the change would only happen on claims or warnings already
approved. Fast, easy updating of graphics and artwork, and the ability to add or
modify claims for product use are difficult if the information is scattered or held
in multiple company locations. The ability of a company to understand and
manage a complete picture of their specifications, manufacturing processes, and
packaging (both structural and labeling) is not a simple task and few companies
have truly mastered this challenge using paper records. ECR and DAM tech-
nologies offer the promise to make this difficult job of data synchronization one
they can control and manage with a high degree of accuracy.

Information contained in the component specifications and labeling can be
rearranged to generate batch records, testing records, and other documents needed
to track and sustain product manufacturing. This information and the SOPs for its
use are one way to improve CGMP. The packaging bill of materials (PBOM) is
the one place where all of this information comes together in a concise form for
each individual product. The PBOM identifies the product number, the NDC
number, and all the physical characteristics of the finished product including all
the labeling needed to produce the product. Along with the physical description of
all of the components and subassemblies, it also contains how the product is
bundled, case packed, palletized, and shipped. This information is necessary in
many areas and different departments of a company including procurement,
manufacturing, finance, regulatory affairs, quality assurance, sales, marketing,
distribution, and, ultimately, the customer for the product.

Now what does this have to do with Regulatory Affairs and the FDA? The
FDA is in the midst of changing and revising standards for the electronic
transmission of information, and the rules regarding how the information is
maintained within a company. This change being undertaken is to move away
from PDF file formats to true electronic information interchange. This is referred
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to as structured product labeling (SPL). It is a logical extension of Part 11 rules
discussed earlier.

The European Agency for the Evaluation of Medicinal Products (EMEA)
(8) and the European Federation of Pharmaceutical Industries and Associations
(EFPIA) (8) have a similar initiative under way under the heading of Product
Information Management (PIM). PIM’s goal is to provide a secure method of
electronic submission of product information to the various relevant authorities
in the European Union (8).

The FDA is working with an ANSI-accredited standards development
organization named Health Level Seven (HL7) and other interested parties to
develop the technology for exchanging information between computer systems.
This set of electronic standards known as Clinical Data Architecture (CDA)
permits information to be exchanged using XML. The same standard is also
being reviewed for use as the Electronic Health Record (EHR). The FDA, under
the HL7 initiative, has adapted the CDA into a standard identified as SPL. This
standard was put in place during the autumn of 2005, and replaced PDF files as
an acceptable method for submission. SPL has a number of advantages over the
older PDF file format standard. The new standard provides the following
advantages:

e SPL permits the exchange of information between computer systems in
ways that cannot be accomplished using PDF formats.

e SPL lets individuals compare text and specific data elements.

e SPL can be used to exchange information needed for other submissions
such as drug listing. This improves efficiency and complies with the
paperwork reduction act by eliminating redundant data collection and
multiple submissions of the same data.

® SPL makes full use of the XML format and information tagged in XML to
easily exchange and to make the process far more efficient for both the
FDA and the manufacturer compared with PDF documents. For example,
documents prepared and formatted in XML would only require the sub-
mission of the labeling or data elements that change, not the complete
document. It also permits updating of all places where the information
appears, as compared with Hyper Text Markup Language (HTML), where
each document or root document would require that the information be
changed everywhere it appears and then reissued.

SPL has put into place a framework to make all submissions to the agency
electronic. This is extremely important when you consider the volume of
documents, data, analysis, and other supporting information required for an IND,
particularly for an NDA, and, to a different degree, by an ANDA.

This change is extremely important to anyone involved in packaging.
Typically, the systems that contain and manage direct product labeling are under
the control of the packaging group, or the packaging group is a major contributor
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and user of the repository system. A packaging department is responsible for the
packaging component specifications, the engineered drawings that represent the
component, the artwork and dielines that define the labeling text and graphics on
each piece of packaging, and, most importantly, the PBOM. These items are
constantly updated and refined. They constitute the majority of the working
documents in a specification system used for manufacture and distribution of a
product. A completely electronic database of all of these components permits
procurement, quality assurance, manufacturing, and distribution to know exactly
what the product is and what it contains.

The Finished Product Bill of Materials [PBOM, which may consist of
separate product and package Bills of Material (BOM) or as one combined Bill
of Material] is used by marketing and sales for costing and selling. Distribution
uses the specifications to define if a product is hazardous, if it requires special
handling, as well as the weight and cube of the product to define its transpor-
tation requirements. This set of documents and the information they contain
provide everything one needs to know about the product packaging from its most
basic definition all the way through the pallet level and, in some cases, the truck
or containerized load level. Accurate data is provided to the shipper of a product
for safe handling, loading, shipment, and delivery of the product.

THE UNITED STATES PHARMACOPEIA-NATIONAL FORMULARY

The United States Pharmacopeial Convention is a unique publisher. This orga-
nization publishes the United States Pharmacopeia. This unique volume of
information has been in use for a long time. It was first published in December
1820, and as you read this description, you will realize that it was a very unusual
and different book for its time. It contained formulas, in essence, preparation
instructions, for 217 known cures. These 217 “drug” preparations were com-
prised of commonly known ingredients like plant roots, barks, and herbs, or more
truly chemical substances such as sulfur or calcium carbonate (limestone) that
could be combined as directed (formulated) to produce a product with thera-
peutic effect. The text was updated periodically during the 19th century as new
“medicines” became known. The book remained in much the same format until
1880, when it expanded to begin including a list of product standards. This text
was published in ten-year intervals from 1880 until 1942. As the pace of
information development increased, the interval between updates was reduced to
five years between 1942 and 2000. The USP-NF became an annual publication
in 2002.

A separate group, The American Pharmaceutical Association, began the
publication of the NF in 1888. Its first title was The NF of Unofficial Prepara-
tions. This title was changed to the NF in 1906 when the Food and Drug act was
passed by Congress. That act referenced both USP and NF standards for ther-
apeutic preparations. The NF was acquired by USP in 1975. The United States
Pharmacopeial Convention began publishing the compendium as the USP-NF.
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The United States Pharmacopeial Convention is a nonprofit organization located
and incorporated in the District of Columbia.

The compendia are organized first with monographs for APIs and prepa-
rations. Dietary supplements and related monograph information for excipients
used in drug formulation appear in the NF section of the reference. These are
cross-referenced to the USP, and sometimes the USP also contains an excipient
monograph.

The USP-NF is recognized in the Food Drug and Cosmetic Act in the
United States, making the information it contains carry the force of law. Outside
the United States, it is also accepted and used as a standard reference for
pharmaceuticals by many countries, and many of these countries also use the
information and standards as a legal reference for pharmaceuticals. The United
States act uses the term “official compendium” to mean the USP. It also means
the NF and the Homeopathic Pharmacopeia of the United States. The FDA can
and does use the USP-NF as standards for assessing adulterated or misbranded
product. The standards are used by the FDA to exclude products from the US
market and to remove products from the marketplace if they fail to meet the
provisions of a USP monograph or standard. This includes the test methods
behind the standards.

The USP has established requirements for containers that are described in
the drug monographs contained in the USP-NF. The information is found in the
“General Notices of Requirements (Preservation, Packaging, Storage, and
Labeling)” section of the USP. Material requirements used in the construction of
the container are included in the “General Chapters” of the USP-NF. The USP
uses terminology that is different from the terms normally used to describe
packaging. For example, when describing packaging for capsules or tablets, the
design characteristics of the container may be stated as tight, well closed, or light
resistant. Materials for construction of a container for tablets and capsules are
rarely mentioned. This changes when injectable products are described in the
USP-NF. Here the materials for single- or multi-dose containers are specified.
For example, “Preserve in single- or multiple-dose containers, preferably of type I
glass, protected from light.” The USP should always be consulted for back-
ground on material and general product protection requirements for a class of
drugs. It provides a starting point for development of packaging, and it will be
consulted or considered by reviewers of a NDA or an ANDA.

A firm may choose not to use the USP procedures to demonstrate com-
pliance. When doing so, the firm must develop a solid rationale that describes
and presents the FDA with information indicating that the procedure or method
used by the company provides all the information needed to characterize the
drug or package and that the end point of the unique procedure still brings the
drug to some equivalence in testing against the USP procedures. This approach
requires close collaboration with the FDA. The FDA will determine if they are in
agreement with the proposed excursion from normal USP procedures and will
comment on whether they will accept the alternate approach. If a company
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chooses to follow this path without prereview and comment by the FDA, the
development work or the data developed may be rejected as inadequate. The
FDA will determine if a firm is compliant or noncompliant with the regulations
after consulting and comparing the company methods with the established testing
standards for the drug indicated in the USP procedures and standards. The FDA can
and sometimes does publish procedures that differ from the USP if the USP pro-
cedure has been superceded by something better or if a USP procedure does not
provide all the information the agency wants or needs. The USP has taken a
position “that allows for the use of different procedures in a monograph, depending
on the route of synthesis, dosage form performance, and other factors” (4).

THE UNITED STATES PHARMACORPEIA DICTIONARY

The USP also publishes a dictionary that contains the drug names of all products
sold in the United States. The hard copy version can be a little behind at times,
but the online electronic version is always up-to-date. The organization strives to
be as complete and universal as possible in listing all products. The dictionary
includes names adopted for drugs in the United States, official USP-NF names and
nonproprietary and brand names for the drugs. It also contains chemical names,
chemical formulas, molecular formulas, molecular weights, graphic formulas, CAS
registry numbers, code designations, drug manufacturers, and the pharmacologic
and therapeutic categories. The dictionary provides an accurate reference for
finding information commonly used in product labeling and product inserts.

CONSUMER PRODUCT SAFETY COMMISSION

Another agency that is of primary importance to pharmaceutical packaging is the
CPSC. This agency is responsible for administering and enforcing the Poison
Prevention Packaging Act of 1970. The act stipulates the performance level for
packaging used with hazardous household substances to prevent and protect
children from handling, using, or ingesting these substances. It is designed to
prevent personal injury or death by a child who could, with natural curiosity,
gain access to a dangerous substance. Drug products, including over-the-counter
(OTC) products, are subject to the act. This includes oral prescription products,
including products in clinical trials and outpatient trials. OTC products con-
taining aspirin, acetaminophen, diphenhydramine, liquid methyl salicylate,
ibuprofen, loperamide, lidocaine, dibucaine, naproxen, iron, or ketoprofen
require child-resistant and special packaging to comply with the act.

The regulations that define this packaging are contained in 15 USC 1471(2)
(4), 16 CFR 1700.1(b) (4), and 21 CFR 310.3(1). These regulations establish the
performance standards and test methods the agency uses to determine if a package
design or construction is child resistant and adult use effective. This last provision
is important. An adult must be able to access the drug in the package when the
package includes barriers to entry for children. A common complaint from adults
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concerns packaging that requires some dexterity and strength to open when that
dexterity or strength is beyond their capability. These standards apply to reclosable
and non-reclosable packaging systems. Examples of a non-reclosable packaging
system are a tablet packaged in a unit-dose blister or a tablet packaged in a pouch.

The requirements of the act define a number of circumstances where child-
resistant packaging is not needed. These include bulk packages for products that
will be repackaged by the pharmacist (16 CFR 1701.1) and products that are
dispensed in a health care institution such as a hospital or nursing home. Hos-
pitals are required to use child-resistant packaging for medications dispensed to
patients when leaving the institution. A sample of product provided to physicians
that they provide to patients is not required to be child resistant.

OTC products also have an exemption from child-resistant packaging. Man-
ufacturers or third-party packagers may supply one size of package without child-
resistant packaging provided that other sizes of child-resistant packaging are also
supplied. Any OTC product that does not include child-resistant packaging must use
special labeling that highlights this difference (16 CFR 1700.5).

The act (16 CFR 1702) also includes procedures to petition the CPSC for
exemptions from the requirements. These exemptions are granted when the
CPSC finds that a product is not required to protect a child from serious injury or
if the special packaging is not feasible, practicable, or appropriate for the
product. Some examples of prescription products have received exemptions
including oral contraceptives in mnemonic packages, powdered colestipol, and
medroxyprogesterone acetate. One standard regarding exemption to the child-
resistant packaging regulations is the need of a manufacturer to prove that the
product is not harmful to a child weighing less than 25 pounds.

SUMMARY

The regulations surrounding drugs and their packaging is extensive and covered
by a number of different federal and state agencies. The same state of affairs is
also present within the European Union. Anyone developing packaging for drug
or device products must consult the regulations and the agencies charged with
administration of the regulations to determine what is required. It is a complex
and multifaceted question that surrounds every drug and medical device.
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Pharmaceutical Packaging Materials

INTRODUCTION

Packaging begins with the material selection. Material selection drives the
choice and type of packaging equipment and, most importantly, the final
package performance. Packaging performance is the primary criteria used to
define the success of a package. The choice of material for a package drives all
other choices about the product’s appearance and consumer attributes. It influ-
ences and many times determines how a product is manufactured, filled, steri-
lized, labeled, bundled, distributed, and presented to the customer. It can
influence where a customer looks for a package in a retail store, how the cus-
tomer uses the product in the home, and how a hospital, nursing home, or retailer
handles a product through their inventory and distribution systems.

The hardest and most difficult choices a packaging engineer must make are
the selection of the material(s) used to package a new product. Existing products
or products of a similar class or type many times mimic the packaging used on
the first marketed product, even if newer materials and alternative material
fabrication, manufacturing, or converting techniques offer significant advan-
tages. The best opportunity for upgrading and improving the materials used in
pharmaceutical packaging happens when a new molecule or biologic entity is
identified and new packaging is designed to bring the product through regulatory
approval and ultimately to market. As materials, customer needs, package fab-
rication machinery, package-filling equipment, sealing equipment, and distri-
bution methods change, the packaging engineer is presented with a unique
opportunity. They must survey a complex and changing backdrop of choices to
design a package and choose materials that fulfill multiple requirements of the
value chain to produce a package that meets all company and regulatory
requirements along with the expectations of the final end user in the health care
system. The choice of material and the type of package that can be made from
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that material becomes a critical decision very early in product and package
development. It is a decision most often made before all the characterizing
information about the new drug molecule or biologic entity is established or fully
understood. It is a packaging decision driven by inputs from research, manu-
facturing, and marketing that presume enough is known about the molecule’s
potential to identify its reactivity, what is needed for product protection, where
the product will be manufactured, and, in many cases, the size and type of
market for the drug. These early product and package decisions, based on the
early identification of a biologic or chemical activity, carry multiple implications
about how a product is supplied and ultimately shapes many of the doctor and
consumer perceptions about the product. This decision can and does stretch over
many years, representing a very large investment in development and qualifi-
cation of the product. It is rare, given the cost of stability testing and other
qualification tests, that a product after Food and Drug Administration (FDA)
approval gets a makeover in its packaging. Typically, it receives cosmetic
improvements in graphics and secondary packaging presentations, but unless
there exists a major commercial advantage in making a change, the pharma-
ceutical product, even in an over-the-counter (OTC) form, will remain in the
same packaging material and type of package throughout its manufactured life.

Materials used for all types of packaging, not just pharmaceutical pack-
aging, are beginning to change. The pace and direction of the change, away from
traditional packaging materials like glass, metal, and older plastics like polyvinyl
chloride (PVC) to newer and more efficient materials, particularly crystalline
and biologically derived plastics, open opportunities and present new challenges
to the packaging professional. The change in materials is markedly different
from packaging changes in the past. Its speed and direction separate modern day
packaging and the global reach of today’s markets from previous packaging
designs and material choices tailored for regional markets or individual coun-
tries. Global reach can mean that different materials are available and needed in
different regions or markets, different environmental requirements for packaging
exist and present unusual market needs, or consumer expectations about how a
drug product is packaged are different.

Pharmaceutical packaging materials are and have always been slow to
change. The factors behind the slow and tedious process required to change
packaging include a long data driven qualification and stability testing protocol
and the cost and time involved to produce this data. The FDA has streamlined
their informational and qualification requirements in recent years to permit
simpler substitutions of similar grades of plastic resin used to package product
[example high-density polyethylene (HDPE) from a different supplier] or to
move the manufacturing or packaging location of a product. The relatively small
volume (manufactured unit volumes) quantities of pharmaceutical packages
compared with food or beverage products also slow down the need for inno-
vation. Comparatively small-scale manufacturing, the capital required for
manufacturing capacity, and the somewhat indifference to consumer and
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customer needs by pharmaceutical manufacturers contributed to and created the
circumstances that hindered fast adoption and changes to newer and sometimes
improved materials. Caution and safety are watchwords of the pharmaceutical
industry and are engrained in the multiple scientific and engineering departments
of a pharmaceutical manufacturer. Thus, when a new material becomes available
and is proposed for a new product, the packaging engineer begins a qualification
journey that is questioned and scrutinized by other scientific disciplines within
the company that do not share the urgency or commitment to change that
packaging and marketing advocate. The development and qualification of a new
material many times require a parallel development of packaging machinery,
sterilization processes, or both, which is difficult to justify unless substantial
product or manufacturing improvement is the end result. A package system
changes, that is, all the manufacturing equipment and related facilities of the
components needed to produce the finished package are difficult to master,
expensive, and extremely resource-intensive to qualify, particularly in terms of
human resources from a variety of scientific and engineering disciplines within
the pharmaceutical company.

An overview of the traditional primary packaging materials, glass, metal,
plastic, and composites, including the composite structures found in flexible films,
is a starting point. To a lesser extent, other materials like rubber and elastomers
along with some of the newer composite materials and biologically derived
polymer materials need exposition. Paper, if used for a primary packaging material
in pharmaceutical packaging, is always converted and processed with something
else and is not the true product contact material; in this chapter, paper will be
considered a composite material in the discussion of packaging materials.

Many of the materials reviewed in this chapter have been used for a long
time. Change, even in plastic materials, comes slowly and requires extensive
development and testing. Pharmaceutical companies for the most part choose to
use existing materials for similar pharmaceutical products and have not searched
for alternatives unless a new need required a change. The older materials are safe
and have a good history of performance. This position is now changing as new
drug products and new biologic products demand higher-performance packaging
materials. Slowly, manufacturers are introducing newer plastics that provide
improved performance properties, and these materials such as polyethylene
terephthalate (PET) or polypropylene (PP) are slowly replacing HDPE and PVC.

Penetration of very new polymers like the biologically derived polylactic
acid (PLA) is still for the future. Today, the ideas of sustainable packaging are
considered a prime packaging goal, and sustainable packaging for OTC products
will be one of the principal drivers of change. Environmental awareness and the
need for companies to be good corporate citizens will also be factors in the
evaluation, qualification, and use of environmentally derived polymer materials
and their use in pharmaceutical packaging.

Changes in sterilization techniques, the introduction of large biomolecules,
and consumer demand for convenient OTC products are driving changes from



192 Chapter 6

the older traditional materials like glass, metal, and some plastics, polyolefins
primarily, to newer, established, and common materials in food and beverage
packaging. The idea of recycling and sustainability is other aspect of packaging
materials. Global awareness of “Planet Earth” and the implications and concerns
about packaging on sustainability are just beginning.

GLASS PHARMACEUTICAL PACKAGING

Glass has always been the traditional gold standard for pharmaceutical pack-
aging. Its physical characteristics of clarity and impermeability coupled with its
inert chemical nature when exposed to organic or inorganic liquids and solids
always made it the standard starting point for package development.

That is not to say that glass works for every package situation. Glass is not
totally inert. Glass, depending on its composition, can impart hydroxyl ions to a
solution; some of t