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ABSTRACT

Systems Integration in Pharmaceutical Industry Using
Object-oriented Expert System Technology

by
Korrapolu Reddy

SPHINX is an object-oriented expert system addressed to solve the
burning problems of pharmaceutical industry. SPHINX stands for Systems
integration in PHarmaceutical INdustry using object-oriented eXpert system
technology.

Various problems that American pharmaceutical industries are facing
have been explained. Using the revolutionary object-oriented concepts and
the powerful expert systems technology, it has been shown how a
prescription can be written to solve all the problems of pharmaceutical
industries. A problem "Minimizing the wastage of Interferon” has been taken

to demonstrate the power of Object-oriented Expert System technology.
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CHAPTER 1
INTRODUCTION

1.1 Is American Pharmaceutical Industry Sick ?

The start of the 1990s has been marked by a radical change of outlook on
the part of the pharmaceutical industry. For decades, the industry has
flourished by following a relatively straight forward strategy : invest in the
research and development of new drugs, market them effectively and
plough the profits back into research to ensure an ongoing flow of new
products for the future.

In the recent times, however, the industry is coming under intense
pressure from a number of quarters. Pharmaceutical prices are being closely
scrutinized by private purchasing agencies ( and even consumers ) as well
as by governments. The research and development of new drugs is taking
longer and costing much more. The duration of patent protection is
approximately 17 years, which is still inadequate. Generic competition is
essentially limiting product life to the effective life of the patent. the crux of
the dilemma facing the industry is that the increasing costs of R & D,
manufacturing and marketing are not being met by similar levels of increase
in revenues - be it from new products, price increases or volume growth.
While a growing number of therapeutic areas are being adequately served
by currently marketed products, the task of developing new drug
innovations is becoming more difficult. In recent years, the proportion of
\sales revenue spent on R & D has shown a steady increase, where as the
number of NCEs ({ New Chemical Entity )} reaching the market has fallen.

It is well recognized that pharmaceutical research incurs a high element

of risk. However, as the number of new research areas to be tapped



declines and pharmacological solutions to these areas become more elusive,
this element of risk is bound to escalate. Furthermore, in order for a new
drug to be successful in today's climate, it has to be truly innovative -
marginal advances are no longer considered worth taking through the
expensive development process. The more innovative a product, the higher
level of risk attached to its development. At the end of day, no matter how
large the R & D spend, how efficient the management and how advanced
the technology. Pharmaceutical research does not come with any
guarantees of success. Drugs developed along the most rational lines of
thinking can sadly fail when the pharmacological theory is put into clinical
practice. For an industry whose life-blood is research and innovation, this
decline in research productivity is a major cause for concern.

The US pharmaceutical industry has been criticized because its
products are perceived to be too expensive, yet prescription medicines
remain least expensive form of therapy. At this time, we are experiencing a
dramatic increase in the risks and costs of pharmaceutical research and
development. The US pharmaceutical industry continues to lead the world in
the discovery and development of important new medicines because it
assumes greater financial risk and invests more of its sales dollar in R & D
than virtually any other industry. Where such a risk is posed, there must set
responsible prices, must keep price increases down, and must help improve

access to important medicines.

1.2 Increasing Risks and Costs of Pharmaceutical R & D
In the pharmaceuticél industry, the odds against success, whether statistical
or financial, are daunting. Most research projects fail. On average, according

to a new study by investigators at Tufts university , it takes 12 years, from



synthesis to regulatory clearance, to bring a prescription drug to market in
America (1).

For every 10,000 substances examined, 20 enter animal studies, and
10 enter clinical (human) trails - but only one gains US FDA (Food and Drug
Administration) approval (2). Regardless of the statistical measurement of
the odds, which is somewhat artificial and may not reflect more recent
approaches to drug discovery, the overall difficulty of the tasks facing
biomedical researchers has actually increased over recent years because of
the complexity of the diseases that still plague us.

The average cost, which includes discovery and development, for one
prescription medicine is $231 million. The reasons for the sharp increase are
that the new research technologies are expensive, and the diseases for
which treatments are being sought are complex. Approximately one-half of
the $231 million is the total cost for work on failed compounds plus all the
R&D costs, from researchers salaries to new laboratory equipment, for the
one successful compound. The other half is the capitalized expenditures, or
the so called opportunity cost of having funds tied up during the 12-year

period of development.

1.3 Threat to American Leadership
Despite these obstacles and the financial risks they entail, the American
pharmaceutical industry remains the world leader in the discovery and
development of new medicines. A survey conducted by the Pharmaceutical
Manufacturers Association of the country of origin of new products found
that of the 1217 new single chemical entity drugs introduced to the US
market between 1940 and 1988, nearly 62 percent were discovered in the

United States. Switzerland ranks second with 7 percent. However, there are



two basic threats to that leadership position, as witnessed by the decline in
US industry share of the world wide pharmaceutical market from 38 percent
in 1985 to 33 percent in 1989. The first threat is American pre-eminence in
basic biomedical research, as evidenced by the deterioration of our system
of science education, the looming shortage of American scientists, and the
Japanese inventors are now often first to arrive at the US patent office with
basic research discoveries. The second threat is the possible regulation of
pharmaceutical prices, which would reduce the potential for the profits

necessary to support the research investments of pharmaceutical firms.

1.4 A prescription to Pharmaceutical Industry
Strategic alliances of different pharmaceutical companies such as renting the
R & D, marketing or manufacturing resources of another company, or
alternatively to hire out these resources at times of corporate hardship or
even corporate merging is another way of bringing down the drug
developmental costs.

The author's perspective to address these problems are the latest
computer technologies such as Object-orientation, Expert systems and
Controls and Systems integration. By implementing the above technologies
on a massively parallel super-computer, it is possible to reduce the drug
developmental time, which in turn brings down the expenses involved
during the developmental process of a new drug. Patents for any new drug
is being issued by FDA for approximately 17 years. limiting the average time
for marketing a meager 5 years. Reducing the drug developmental time not
only saves the expenditure but also increases the time for marketing. With
the recent breakthrough advances in computer hardware and software, the

strongly believes that the slashing in drug developmental time is possible in



the order of 15 to 20 percent. To reflect the above idea two problems have
been taken, from a pharmaceutical manufacturing company, to demonstrate
that the advanced computer technologies can be utilized to save time and

dollars during the course of a drug manufacturing.



CHAPTER 2

LITERATURE SURVEY

2.1 Object-oriented Concepts

Object-oriented programming is gradually evolving into a popular and
standard paradigm for large software application development. The need for
this novel programming paradigm is rather simple. Users are demanding
more functionality from their computing systems. Increased functionality
and easier-to-use computing environments come at a price. They demand
more complex systems, which means more lines of code to be organized,
managed, and maintained.

Using conventional techniques, the code generated for a real-world
problem consists of first encoding the problem and then transforming the
problem into terms of a Von Neumann computer language. Object-oriented
disciplines and techniques handle the transformation automatically, so the
bulk of the code just encodes the problem and the transformation is
minimized. In fact, when compared to more conventional (procedural) styles
of programming code reductions ranging from 40 percent to an order of
magnitude have been reported for a number of problems after adopting an
Object-oriented style of programming.

Object-oriented programming is still relatively young field that does
not yet have a universally accepted definition that can be called upon. After
reviewing good amount of literature, | observed that some of the core
elements that have been accepted by most of the pioneers in this area,
particularly referring to OOPSLA / ECOOP conference proceedings and some
important journal papers. Unfortunately, OOPSLA-92, which has been held

in October-92, has also failed to standardize the basic terminology used in



Object-oriented programming. For the purpose of my thesis, | follow the
OMT (Object Modeling Technique) approach, which has been developed
James Rumbaugh (3).

"Object-oriented” means that the organization of software as a
collection of discrete objects that incorporate both data structure and
behavior. This is in contrast to conventional programming in which data
structure and behavior are only loosely connected. There is some dispute
about exactly what characteristics are required by an object-oriented
approach, but they generally include four aspects: objects, classification,
polymorphism, and inheritance.

The real world composed of entities or 'objects'. For example, NJIT, a
paragraph in a document, American President, Clinton’s Toyota camry, and
the white queen in a chess game. Each object has its own identity. As an
example, there might be many persons with the name Bill Clinton, but US
president (during 1992-96) Bill Clinton is the only person on this earth. Like
the real world objects, each object in a programming language also has a
unique reference to deal with. Classification means that objects with the
same attributes (data structure in a programming language) and behavior
(operations) are grouped into a class. A class is an abstraction that
describes properties important to an application and ignores the rest. NJIT,
MIT, Stanford, Columbia, Harvard and Cambridge etc., are classified as
graduate schools. A class Graduate school can have attributes: name,
address, majors offered, student names, faculty names, research
departments, etc., and operations could be: how many students are
graduating in January-93 graduation, how much is the research funding in
the year 1992, and budget for this fiscal year etc., Any choice of classes is

arbitrary and depends on the application.



Each class describes a possibly infinite set of individual objects. Each
object is said to be an instance of its class. Each instance of the class has
its own value for each attribute but shares the attribute names and
operations with other instances of the class. An object contains an implicit
reference to its own class; it "knows what kind of thing it is.”

Encapsulation (also information hiding) consists of separating the
external aspects of an object, which are accessible to other objects, from
the internal implementation details of the object, which are hidden from the
other objects. Encapsulation prevents a program from becoming so
interdependent that a small change has massive ripple effects. The
implementation of an object can be changed without affecting the
applications that use it. One may want to change the implementation of an
object to improve performance, fix a bug, consqlidate code, or for porting.
Encapsulation is not unique to object-oriented languages, but the ability to
combine the data structure and behavior in a single entity makes
encapsulation cleaner and more powerful than in conventional languages
that separate data structure and behavior.

Polymorphism means that the same operation may behave differently
on different classes. The Admit a Student operation, for example, may
behave differently on Full-time Student and Part-time Student classes. A
operation is an action or transformation that an object performs or is subject
to. Semester fee, Current GPA, and Credits Earned are examples of
operations. A specific implementation of an operation be a certain class is
called a method. Because an object-oriented operator is polymorphic, it may
have more than one method implementing it.

In the real world, an operation is simply an abstraction of analogous

behavior, across different kinds of objects. Each object "knows how" to



perform its own operations. In an object-oriented programming language,
the language automatically selects the correct method to implement an
operation based on the name of the operation and the class of the object
being operated on. The user of an operation need not be aware of how
many methods exist to implement a given polymorphic operation. New
classes can be added without changing existing code, provided methods are
provided for each applicable operation on the new classes.

Inheritance is the sharing of attributes and operations among classes
based on a hierarchical relationship. A class can be defined broadly and then
refined into successively finer subc/asses. Each subclass incorporates, or
inherits, all of the properties of its super class and adds its own unique
properties. The properties of the super class need not be repeated in each
subclass. For example, Teaching Assistant, Research Assistant, Work-study
student, Full-time Employee, and Part-time Employee are subclasses of
Employee. All the subclasses inherit the properties of Employee, such as pay
particulars and working hours. The ability to factor out common properties
of several classes into a common super class and to inherit the properties
from the super class can greatly reduce repetition within designs and
programs and is one of the main advantages of an object-oriented system.

Object-oriented development is a conceptual process independent of a
programming language until the final stages. Object-oriented development is
fundamentally a new way of thinking and not a programming technique. Its
" greatest benefits come from helping specifiers, developers, and customers
express abstract concepts clearly and communicate them to each other. It
can serve as a medium for specification, analysis, documentation, and

interfacing, as well as for programming.
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The OMT (Object Modeling Technique) methodology uses three kinds
of models to describe a system: the object model, describing the objects in
the system and their relationships; the dynamic model, describing the
interactions among objects in the system; and the functional model,
describing the data transformations of the system. Each model is applicable
during all stages of development and acquires implementation detail as
development progresses. A complete description of a system requires all
three models.

The object model describes the static structure of the objects in a
system and their relationships. The object model contains object diagrams.
An object diagram is a graph whose nodes are object c/asses and whose
arcs are relationships among classes.

The dynamic model describes the aspects of a system that change
over time. The dynamic model is used to specify and implement the contro/
aspebts of a system. The dynamic model contains state diagrams. A state
diagram is a graph whose nodes are states and whose arcs are transitions
between states caused by events.

The functional model describes the data value transformations within
a system. The functional model contains data flow diagrams. A data flow
diagram represents a computation. A data flow diagram is a graph whose
nodes are processes and whose arcs are data flows.

The three models are orthogonal parts of the description of a
complete system and are cross-linked. The object model is fundamental,
however, because it is necessary to describe what is changing or
transforming before describing when or how it changes.

Object-oriented approach focuses on identifying objects from the

application domain, then fitting procedures around them. Although this may
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seem more indirect, object-oriented software holds up better as
requirements evolve, because it is based on the underlying framework of the
applicatioﬁ domain itself, rather than the ad-hoc functional requirements of a

single problem.

2.2 Expert Systems
When individuals become highly skilled at making decisions in a particular
area or domain, they earn the title 'expert'. An expert usually spends great
deal of time solving problems and helping others to solve problems. The
expert often uses educated guesses known as heuristics when solving a
problem. The knowledge obtained from the expert is captured in the
knowledge base. When a computer program can simulate the decision-
making ability of an expert, that software exemplifies an expert system. Till
late 1980s, development of expert systems have been controlled by more
expernses involved over a long period of time and are limited to only
research organizations. To site a few, Edward Feigenbaum and Nobel prize
chemist Joshua Lederberg have developed an expert system called
DENDRAL, which infers the structure of an unknown chemical compound by
analyzing mass spectrographic and nuclear magnetic data. The most
renowned system implemented was MYCIN developed by Bruce Brehamana
and Ted Shortliffe at Stanford. MYCIN contains the knowledge of the
foremost experts in the field of infectious blood diseases (4). DENDRAL and
MYCIN were pioneers among expert systems and required a development
time of approximately 20 man-years. John McDermott of Carnage Melon
University has developed R1, (later known as XCON) which has

commissioned by Digital Equipment Corporation to assist its technicians in
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configuring the complex custom installations of DEC's VAX line of
computers (b).

| An expert system is a computer program that captures human
knowledge and decision making processes. An expert system has two basic
components: a knowledge base containing the information specific to the
domain of the problem being addresses, and an inference engine or engines
that interpret the knowledge base to make decisions and provide answers to
problems that would ordinarily require a human expert.

An inference engine controls the strategies that determine how, from
where, and in what order a knowledge base draws its conclusions. These
inference strategies model the reasoning processes an expert uses when
solving a problem. Mainly, three types of inferencing strategies are used.
Forward chaining is an inference strategy that starts with known facts or
data and infers new facets about the situation based on the information
contained in the knowledge base. This process continues until no further
conclusions can be deducted from the initial data. It is called known facts
and proceeds forward to the conclusions of the session. Because the
process is triggered by the initial event set, it is also referred to as data-
driven or event-driven reasoning. Forward-chaining inferencing is used in
applications where data is already available or when a system needs to react
in real time to changing conditions. Examples are, Scheduling, Animation, or
process monitoring and robotic control applications. An inferencing strategy
' that starts with a desired goal or objective and proceeds backwards along a
chain of reasoning in an attempt to gather the information needed to verify
the goal. The mode of evaluation makes backward chaining useful in
applications where the required data to verify the hypothesis is broad or not

yet known, as, for example, applications that make recommendations or
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diagnose problems. Backward-chaining inferencing mirrors the way a human
expert applies a series of tests to prove a hypothesis. The third strategy is

that combines both forward and backward chaining reasoning.

2.3 Drug Life Cycle
This section briefly explains the steps involved in the pharmaceutical
industry from creation of a new chemical compound in the laboratory until,
for some tiny fraction of those compounds, a new drug is available in the
market. This gives an idea to those unfamiliar with the process to have a
better thinking of the many interrelated steps involved in this long and
frequently unsuccessful effort.

Safety, efficacy, and manufacturing are the three main issues in drug
development. Safety must first be proven in animals before a drug is
permitted to be used in humans. Then the safety must again be proven in
huméns to justify long-term clinical rather than experimental use of a drug.
Finally, after the drug has been approved for marketing, investigators will
search for rare side effects of a drug in those patients who have used the
drug. Efficacy must be proven in clinical testing of a drug for the medical
purpose intended in typical groups of patients. Prior to this time, a chemical
has been selected because it has been found to be "active" in some
subhuman biologic screen. After success in screening, this chemical has
been sufficiently tested in animals that one can infer that the drug is likely
to be clinically useful in humans. Finally, a drug must be manufactured.
What was once a newly active chemical created by a chemist in a
laboratory must be produced in a pilot plant operation and then later

manufactured in large batches with careful quality control so that each
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individual dose of the medication will exhibit the standards of safety and
efficacy expected.

Obviously, these developments are not made independently of each
other. A drug which does not dissolve as intended may show restricted
efficacy, for example, relief of pain for only 2 hours rather than the intended
8 hours. Reformulating of the medication might serve to improve the
efficacy. Drug side effects may disappear if the medication is given at
mealtime orvat bedtime and as a result enhance efficacy. A drug which has
been found to be highly efficacious and easy to manufacture may turn out
on lifetime toxicity testing to cause malignant tumors in rats, thus abruptly
ending a research program.

Currently one thinks of a typical duration of time from creation of the
chemical in the laboratory until a drug is marketed of the order of 7 to 12
years. Safety, efficacy, and marketing are each studied for a majority of that
period; however, proving safety requires most of the time. On the time
scale, the life time of a drug may be divided into preclinical time, the period
from discovery of the chemical to its first use in humans; clinical studies,
during which time the drug is being tested in humans; and finally post-
approval during which time the drug is being sold commercially.

In the preclinical stage, one must learn about the characteristics of
the drug to such an extent that it makes good sense to the sponsor
(pharmaceutical company) and to the Federal Food and Drug Administration
to try this drug in human beings. In order to reach this stage, the sponsor
must be reasonably sure of the drug as shown in short-term animal toxicity
testing in at least two species. Also, the sponsor will want to know that
there is a reasonable indication that the drug will have the desired positive

effect as predicted by tests in animal species. Finally, the sponsor will have
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to be able to manufacture test lots of the proposed medication so questions
of dosage form and amount and procedure for the preparation must be
resolved. Typically these experimental quantities of the drug will be made in
a pilot plant operation or in special laboratories which make sufficient
quantities of the drug for experimental purposes. As a by-product of this
research, the sponsor will have studied the metabolism of the drug in
animals to know whether it is the parent compound or some metabolite of
it, will have to be tentatively answered. Doses which have been proven
effective in animals will be extrapolated to the likely therapeutic human dose
and then to a fraction of that dose to provide a margin of safety for initial
testing.

Ali of this material is carefully written up by the sponsor and
submitted to the Food Drug Administration (FDA) to ask for an exemption so
that the chemical may be tested in humans as an Investigational New Drug
(IND}). This submission is usually called submission for an IND. Current
regulations allow the FDA 30 days in which to deny the IND or to ask
additional questions which were not adequately presented in the
submission.

The clinical period is divided into Phase I, Phase ll, and Phase lil
research. Although there is general agreement about the meaning of these
phases, there are no standard definitions. Phase | studies are the earliest
studies in humans, involving perhaps 20 to 40 subjects in total. Usually
these persons are healthy volunteers. Questions to be answered concern the
short-term toxicity of the drug in clinical pharmacology studies which
provide data concerning metabolism, absorption, distribution, and excretion
of the drug and which establish the safe dosage range for the drug as well

as likely effects; occasionally some inferences regarding effectiveness may
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be made. These studies are characterized statistically by few patients but
multiple measurements per patient.

Phase Il studies involve perhaps 100 to 200 patients with the disease
of interest who are studied in carefully supervised controlled clinical trials.
These studies show the drug's fundamental effectiveness in restricted
circumstances. As a by-product, one usually obtains dose-response curves
in humans for effectiveness and for side effects. Common adverse effects
are detected during Phase |l.

Phase lll trials involve proving efficacy in typical patients. During this
phase, various levels of the severity of the disease are studied and patients
using various concomitant medications provide information on a more
clinical and less experimental usage. The total number of persons studied in
this phase rarely exceeds 3000 patients and frequently is much smaller.

During this phase, efficacy is proven conclusively, and safety with the
exception of rare adverse effects is also demonstrated. A sponsor must
notify the FDA of any severe adverse effects, which implies close
monitoring of the data as well as statistical tests of various results from
clinical tests of safety.

All of the data on the three clinical phases with respect to human
research is submitted as part of the new drug application (NDA). This
submission includes the original case reports on each of the patients. This
case material forms the great bulk of the NDA submission.

The NDA will contain results of the animal pharmacological and
toxicological studies as well as the human pharmacology studies and the
"adequate and well-controlled” clinical studies demonstrating the drug's
efficacy and side effects. Data from long-term animal toxicity testing - for

example, lifetime studies in rats lasting about 2 years -- are included in this
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submission. All of the manufacturing information must also be contained in
the submission indicating all of the ingredients that go into the drug and
- whether the ingredients are active or inactive, included for the purposes of
taste, color, physical characteristics of the tablet, or packaging, as in the
case of a capsule.

The total submission can be easily be 500 volumes, each one upto 2
inches thick. The period of preparing an NDA by the sponsor, reviewing the
NDA by the FDA, and then reaching a resolution about points for which
there is insufficient information for the FDA reviewer to sign off that part of
the submission often involves several years. By law, the FDA must respond
to a submission in 180 days. An important part of the submission and of the
final NDA approval is the precise labeling to be used with the drug. In the
labeling, the many thousands of pages of research are compressed into
fewer than 2 dozen paragraphs which summarize the research with the
drug.

After the drug has been approved by the FDA, the sponsor is
permitted to manufacture and sell it. During this postmarketing period,
usually called Phase IV, a number of other questions are usually answered.
These questions concern relative efficacy of the new drug compared to
others for the same or similar purpose. Also likely to be answered is the
question of the effects of prolonged use of the medication and whether any

rare side effects can be discovered.

2.3.1 Screening of Compounds
The first step in the evolution of a drug is the testing of a newly created
chemical compound in some sort of biological screen designed to separate

those chemicals which have desired effects. In designing such a screen, one
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must keep in mind that of all chemicals created, far fewer than 1% will ever
pass through various stages of showing sufficient efficacy and safety in test
animal systems to ever be given to any human. This realization implies that
any worthwhile system must rapidly and economically eliminate inert
compounds. Then a greater proportion of the test effort can be spent on
those few compounds that have been shown to be of interest. Obviously, a
drug tested on only three mice or two dogs, even if it could later be shown
to be of great therapeutic value, might through random variation not show
activity in the small number of test animals. This act of balancing the risks
of missing a worthwhile drug versus excessive testing of useless chemicals
is one of the most important roles of a statistician in the pharmaceutical
industry. The opportunity for saving resources for the research facility are
truly prodigious. In many of the other roles of a statistician, the statistician
asks for additional expenditure of resources; this particular role is one in
whic.h the statistician can demonstrate how statistical thinking creates
savings.

We note that a negative activity, for example, a drug which
stimulates ovulation when one is trying to suppress it or which raises blood
pressure when one is trying to lower it, may be an important lead to the
pharmacological goal being sought. We must also note that a biological
screen designed to find an antihypertensive drug is quite unlikely to reveal a
drug which is a potent stimulator of ovulation, although a careful researcher
rhight serendipitously note that it has potent hypnotic effects if two animals
promptly fall asleep.

The statistical problem in screening chemicals for potential new drugs
is to determine how many animals in each screen should be tested with

each chemical compound. Should the screen be a simple one-stage screen,
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or should there be several levels of success that must be passed before the
chemical is ready for additional testing ? Should an effect be statistically
significant before the chemical is tested in later screens, or is an
"indication” good enough ? These and numerous other statistical questions
must be resolved before any routine screen is established and used.

The concept of a "screen” is that of a mesh that will hold back most
of the useless chemicals and permit through those that are more likely to be
useful. The actual screen consists of a chemical measurement, or
physiological reaction, or behavioral reaction in some cellular or organ or
whole-animal system that has been shown to be a mimic of some desired
action in humans. Obviously, screens are specific to the desired outcome.
Frequently a number of different screens are being run simultaneously at
any given organization. Usually, a particular company specializes in some
smaller number of fields rather than covering all potential medical aspects.

| ‘Frequently, the effect of drugs can be best tested by using an animal
or part of an animal as a test system with the characteristic that increasing
doses will produce increasing effects. We call this type of measurement a
bioassay. Bioassays are particularly good ways of telling how potent a new
drug is relative to standard drugs. Bioassay procedures are particularly
important in the preclinical phase of drug development, but also have great
importance in further animal and human testing during the clinical phases of
research and in quality control.
‘ An area that is growing rapidly in pharmaceutical research is the area
of animal pathology and toxicology. Procedures that were in some
laboratories less formal are now being formalized in response to rules and
regulations about "good laboratory practices.” One part of the good

laboratory practices refers to the recording and analysis of toxicity data. In
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addition, there is activity on optimal experimental designs to be used in the
practical world of toxicity testing. In that world, animals die for causes
unrelated to the experiment, particular samples are sometimes lost through
technical error, and practical matters of cost limit the size of experiments.
Thus, what is needed are experimental designs that are at once powerful {in
the statistical sense of being able to observe a difference if it is truly there)
and robust (in the statistical sense that if assumptions, such as a particular
variable being normally distributed, are not met, the analysis is still valid,
and in the laboratory sense that loss of a few test animals or samples

should not invalidate the experiment).

2.3.2 Toxicity Testing

There are numerous methods for testing toxicity of potential drugs. The first
major factor is whether the test is to be of acute exposure or chronic
exporsure. If of acute exposure, then one can administer a single dose to an
animal and find out whether there are any apparent toxic effects. Actually,
several different doses are administered. Alternatively, a small number of
doses may be given and tested for toxicity. In chronic toxicity test, the drug
is given on a continuous basis, perhaps over the lifetime of the test animal.
Numerous unsolved problems are involved with this procedure. If one is
simply trying to determine the effects on a test animal, the above procedure
is reasonable as it stands, though limited by the problems of sampling error,
siie of experiment, and so forth. If, however, one is interested in using a
test animal as a surrogate for humans, then it is implicit, that the test animal
handle the drug biochemically and pharmacologically in a manner similar to
the human if not identical. Thus, a test animal which metabolizes a drug in a

different manner than does the human is not likely to be a valid surrogate.
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WITH title := "ROFERON BULK ADJUSTMENT CALCULATION"
WITH wvisible ;= TRUE

WITH visible OK button := FALSE

INSTANCE expand window ISA window
WITH location = 419,0,643,336

WITH style IS moveable, sizeable, closeable
WITH title := "HELP "

WITH visible ;= FALSE
WITH visible OK button := TRUE

INSTANCE help window ISA window
WITH location := 362,0,640,352

WITH style IS moveable, sizeable CF FALSE, closeable CF FALSE
WITH title := "HELP "

WITH visible := FALSE
WITH visible OK button := TRUE

DEMON 2

IF record processed

THEN items[ 23] OF ROFERON BULK ADJUSTMENT CALCULATION := listbox 1
AND formula assay OF select product := form_assay OF dB3 roferon!l

AND prod_name OF select product := prod_name OF dB3 roferonl

DEMON 1
IF CONF(output OF help window) = -1
THEN visible OF help window := FALSE
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ELSE visible OF help window := TRUE

END
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