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Introduction

 

Michael J. Groves, Ph.D., D.Sc.

 

In 1992 Mel Klegerman and I edited a text book called

 

 

 

Pharmaceutical Biotechno-
logy: Fundamentals and Essentials

 

 (Interpharm Press, Buffalo Grove, IL). We
intended this book to encapsulate as much as possible the area identified as phar-
maceutical biotechnology; and in the introductory chapter, we tried to provide a
suitable definition of the term 

 

at that time

 

. 
Biotechnology simply means the technology of life or the industrial use of life

forms. In principle it is a venerable term since we are all familiar with biotechnological
processes, such as wine, beer, honey, bread and cheese making, and the development
and processing of cereals. These connections can be traced back to the dawn of human
civilization. In addition, exploitation of naturally derived products includes the use
of wood, paper, rubber, leather, and turpentine, as well as objects woven from silk,
wool, or cotton. Obviously, the definition of 

 

pharmaceutical biotechnology 

 

must then
include all materials made or derived from natural materials that can be used as drugs
for human or animal medicine. Accordingly, in our definitions, we attempted to
provide a consensus, taking all these factors into account, such as

1. Use of biological systems to produce drug substances
2. Exploitation of modern technologies to produce drug substances from

biological systems

More than a decade later, the word 

 

biotechnology

 

 has changed meaning in a
very subtle way and now encompasses the use of material manipulation using DNA
in living cells. If we add 

 

pharmaceutical

 

 to the key word we can suggest that the
subject is about the development of drug substances, in particular those large protein
and polypeptide molecules involved in some way or another in the disease states
humans (and animals) suffer from. The inference now is that DNA in cells is manipu-
lated so that the cells will produce a required molecule, usually proteinaceous, that
has desirable properties in terms of the treatment of disease. If this term is accepted
one can note that other areas of scientific endeavor not directly involved with drugs
(such as DNA fingerprinting, used to uniquely identify individuals in forensic cases)
are included but these need not be of concern here. 
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Some drugs situations are frankly confusing and need to be explored in greater
depth. For example, tumor necrosis factor (TNF) is produced in the body as a natural
defense against the many spontaneous tumors that arise in the body and has been
suggested as a treatment for cancer, which may very well be effective under some
conditions. However, TNF is also believed to be involved in the pain associated with
rheumatoid arthritis, and monoclonal antibodies with specific activity against TNF
are now on the market. The use of TNF is therefore a complex issue and needs to
be evaluated with considerable care.

It should be pointed out that some of these applications of modern biotechnology
are by no means free of controversy; the best-known example being the use of
genetically modified (GM) cereals. In the United States GM products seem to be
entering the marketplace except in specific areas; but they are banned in Europe and
some other countries. These crops were simply an extension of the traditional
processes used since the beginning of civilization to improve plants by selecting
desirable features; and the modern process involving DNA manipulation is under
better control, is more accurate, and is much faster.

The current marketing situation of GM cereals seems to be a result of hysteria
in the popular press and, in the case of Europeans, a political move to boycott
American imports. Taking a long-term and pragmatic view point, these issues may
well disappear when time demonstrates they are incorrect in the first place and
unfounded in the second.

A decade ago sales of pharmaceutical biotechnological products were estimated
at about $2.4 billion annually worldwide and the future looked good (Klegerman
and Groves, 1992). Stock markets looked favorably on biotech stocks and all seemed
set for a bright future. Suddenly, companies with a promising product and future
started going out of business and for several years there was a marked downturn in
the value of biotech stocks as investors turned elsewhere. What had happened? Of
course this downturn occurred during a depression in the value of stocks in general,
but there were more subtle reasons underlying the situation in biotechnology. The
scientific facts were oversold to investors who did not understand the science and
were usually not interested in anything other than a return on their money. Companies
faced stark reality when the FDA refused to recognize the often superficial work
carried out on what were intended to be human drugs, and when they attempted to
comply they found, all of a sudden, that compliance came with a high price tag.
Some of the bigger companies could afford to hire the skilled employees and the
expensive equipment required to get a drug onto the marketplace; but the smaller
ones could not and went out of business.

This period of upheaval lasted most of the decade and to a diminished degree
is still going on. Investors have become wiser and more knowledgeable and phar-
maceutical biotechnology has survived in a marginally different form. Ten years
ago there were 16 approved drugs, with another 20 or so awaiting approval, and
perhaps as many as 135 in various phases of development. The total market was
estimated to be $2.5 billion in 1991; in 2003 it had risen to $500 billion with just
500 drugs on the market and perhaps as many as 10,000 drug targets. This has to
be considered in the context of healthcare costs overall, with an estimated market
of nearly $2,100 billion.
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 The industry has stabilized and the future appears to be assured. Perhaps
confidence for the future has prompted a revision of this present book. Many issues
remain to be resolved, but the excitement and challenge keeps our interest for a long
time ahead.

Returning to the genetically engineered drugs, the word 

 

pharmaceutical

 

 also
implies that these drugs need to be prepared, formulated, and delivered to the patient
in accordance with the more traditional technologies associated with small molecule
drugs. With this in mind the present book takes the earlier edition a step further and
provides pharmaceutical methodology on the properties and formulation of these
newer types of drugs, including information on the analytical procedures involved.

Some aspects of the subject are not dealt with here, for example, large-scale
manufacturing methodology, since this has remained much as it was 10 years ago,
albeit with some improvements. The student searching for this information will find
it covered in two chapters of the first edition, and I take responsibility for not including
the same material in this edition. However, it might be noted here that one of the
main issues at present is the limited amount of fermentation capacity throughout the
world. Many of the drug candidates are prepared by manipulation of growing cultures
of yeast or 

 

Escherichia coli

 

 cells that have been suitably modified, excreting the required
protein or polypeptide into their liquid growth medium. On a large scale, big and very
expensive fermentation tanks are required for this process, and, at least until recently,
there was a shortage of this type of equipment, which tended to decrease availability
of some desirable proteinaceous drug substances.

 

THE CHAPTER SUBJECTS IN THIS BOOK

 

Ten years ago monoclonal antibodies (MAb) were of considerable interest but faded
after clinical and commercial failures. Further clinical and laboratory testing revealed
that only humanized MAb were likely to be of any benefit in a human patient. From
a practical standpoint this research developed, and humanized MAb were launched
onto the market, with success in the treatment of several diseases including rheu-
matoid arthritis. These developments justify a chapter on the subject in this book.

The amount of investigational work on the subject of formulation also needs
further review and amplification. Basic formulation studies have suggested that
proteins could be used to form drug delivery systems (e.g., microparticles); the
interactions of proteins with phospholipids is of sufficient interest to justify a short
chapter.

Genetic engineering and genomics have also seen developments over the past
decade and these subjects need their own chapters, especially since the much lauded
completion of the Human Genome Project. Although the expenditure on this project
was vast and the science complicated beyond imagination, we can be tempted to
look at the results and ask, “So what?”. The public was educated to expect good
things (often undefined) from the project but, looking with the advantage of hind-
sight, it may have been oversold. Almost every day now we are told that scientists
have isolated the gene responsible for this or that disease—but where are the cures
for these diseases? For example, the genetic variant responsible for the terrible
Huntington disease (chorea) in which nerve cells in the brain are irreversibly killed,
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resulting in mental deterioration and spasmodic muscle movements, was identified
in the early 1980s. Twenty years later we are probably no closer to finding a cure,
although diagnosing the disease is now easier. Some of this frustration is described
in Chapters 5 and 13 in this present edition. 

The reason for this dissatisfaction in most cases is that the gene may have been
identified but not necessarily the associated protein(s). Protein identification has
been achieved in a few limited cases, but it is more difficult to produce a protein in
sufficient quantities for testing or, more critically, for delivery to the patient. That
these proteins will be found, characterized, and produced in sufficient quantities for
human trial and evaluation cannot be doubted; just how long this will take in individual
situations is an entirely different matter.

Indeed, it is often the case that a disease is experienced by only a few unfortunate
individuals, who collectively cannot afford the very real costs associated with the
development and production of a drug. This topic will be discussed in the final chapter;
but the sad truth of the matter is that expectations may have been raised with no real
expectation of reality. All the hype in the press has led the public to expect miracle
cures for cancer, as an example. Moreover, many companies were formed to exploit
the available technology or to develop new technology. They have found to their cost
that the market was often simply not big enough to justify the expense of running a
business, and many of these companies have quietly disappeared. 
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