Before a drug reaches its ulti-
mate site of action in the body, it
has to overcome a number of
obstacles such as passage
through the intestinal wall or
through the liver. Until recently,
the only way to identify the exact
pathway was by means of
lengthy experimentation. Two
Bayer researchers have now
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When the mouth closes with a tablet
inside and a gulp of water sends the
medicine on its journey through the
body, it is mentally tracked by pharma-
cokineticists. These scientists are re-
sponsible for finding out what hap-
pens to a drug's active ingredient as it
passes through the body. When and
where does the active ingredient leave
the digestive tract? When does it en-
ter the bloodstream? How long does it
remain there? And above all, what
happens to it next? How much of the
substance contained in a tablet actu-
ally reaches the site of action? How
quickly?

Pharmacokineticists track the complex
pathway followed by an active sub-
stance as it passes through the body.
They establish how quickly a substance
is metabolized, whether it lingers in
the fatty tissue of organs and how
readily it crosses the barriers between
stomach and intestine and the blood
vessels. This is an important task, as
even the most impressive active sub-
stance, selected from thousands or
even millions of other chemical com-
pounds in screening tests by re-
searchers and having the best perfor-
mance in test-tube experiments, is no
good at all as a medicine if it is broken
down too rapidly in the body’s inciner-
ator, the liver. Indeed, between twenty
and thirty percent of all newly identi-
fied candidates fall by the wayside dur-
ing the subsequent drug development
for this very reason.

Once identified, the prototypes of new
active substances then undergo a

lengthy process of precision optimiza-
tion. This is the task of biochemists.
They modify the chemical structure, for
instance, so that an even greater pro-
portion of the substance reaches
its site of action. The aim is to keep
the dose required by patients as
low as possible to minimize the risk
of side effects. An important role is
played by pharmacokineticists at this
stage too. Their knowledge is crucial
when it comes to testing a newly iden-
tified and optimized compound for the
first time in clinical trials in humans.
The more accurately the researchers
can predict the appropriate dose in
advance, the fewer such trials are
required.

Detective work inside the bod-
ies of humans and animals

Pharmacokinetic research plays a key
role in the development of new drugs.
Dr. Walter Schmitt and Dr. Stefan Will-
mann from the Department of Bio-
physics at Bayer Technology Services
assist the pharmacokineticists in their
work. In their laboratory, they too study
the body’s absorption of new com-
pounds, their distribution to organs,
their rate of metabolic breakdown and
their excretion. They produce ADME
(Absorption, Distribution, Metabolism
and Excretion) reports for mouse, rat,
dog and man. And yet the laboratory
where Dr. Schmitt and Dr. Willmann
waork contains no animals and no hu-
man test subjects, no humming cen-
trifuges and no bubbling water baths.

Key issues in pharmacokinetics

- How much of the compound is ab-

sorbed and from where?

- How much remains in the bloodstream

and for how long?

- How much is metabolized or excreted

and when does this happen?

- How much reaches the target site and

how quickly?

The pattern of distribution of a com-
pound in the body can be worked out
with the PK-Sim® software. This in-
volves computer simulation of the
properties of the body’s most important
organs: gastrointestinal tract (1), blood-
stream (2), liver and kidneys (3) and
brain (4).

There is not even any testing of blood
samples or dissection of organs. Their
laboratory weighs a mere two kilo-
grams and fits in any briefcase: it is a
laptop.

For these two biophysicists, the detec-
tive work involved in finding out what
happens to different chemical com-
pounds inside the bodies of humans
and animals is taken care of by the
computer program “PK-Sim®" (Phar-
macokinetics Simulation). “PK-Sim® is
the first whole-body ADME simulation
that encompasses all the processes de-
termining the fate of active substances
in the body,” says Dr. Willmann proud-
ly. He and Dr. Schmitt are the program’s
spiritual fathers. They developed and

Simulated breakdown

The PK-Sim® software calculates how a particular
compound is distributed and metabolized in the
body after ingestion. The concentrations of a com-
pound in the skin, the muscles, the blood plasma
and the brain are indicated by lines in the diagram.
The dots show the levels actually measured in the

plasma.

Concentration (mg/l)

10

0.11= =

T
10 Time (h)

Bayer research 15



[=)]
N

Pharmacokinetics !

Transport helpers sought urgently

Whether or not a substance can penetrate
cell membranes depends largely on its fat
solubility. This is a passive process based
purely on physical and chemical conditions.
In membranes, however, active as well as
passive processes play a role. Special mem-
brane transporters convey desired com-
pounds in increased quantities into the cell,
while other transporters carry increased
amounts of unwanted compounds out of

the cell. Active transport processes are of
particular interest to drug developers. Once
the researchers have a more precise under-
standing of what is happening, the sub-
stances can be chemically modified in such
a way that they make even better use of the
processes or, conversely, actually bypass
them. The simulation program PK-Sim®
helps to determine the membrane trans-
porters’ every move.

The data fed into
the software is
collected by robot
sensors in Wup-
pertal and Mon-
heim.

successfully tested it and were initially
the only people who knew how to use
it. It soon emerged, however, that PK-
Sim® was more than just the plaything
of two biophysicists. Other drug re-
searchers were also interested in clar-
ifying ADME issues with the aid of the
simulation system. It was at this point
that it was decided to give the pro-
gram a universally comprehensible and
easy-to-use user interface. Develop-
ment of this interface, which was un-
dertaken by Bayer's computer scien-
tists, was labor-intensive and corre-
spondingly very costly. It therefore
seemed a good idea to make the soft-
ware available externally to other com-
panies, research institutes and acade-

mic establishments as well so as to re-
coup the development costs. Now the
work is complete and PK-Sim® is avail-
able to other interested parties out-
side Bayer.

Computer simulation
of 15 different organs

Although the program is still new, it
has already solved a number of intri-
cate problems. For example, one test
substance — let's call it “substance X"
— exhibited excellent results in test-
tube experiments. A promising candi-
date, therefore, for a new drug, it might
be assumed. In the mouse, however,
substance X was an inexplicable fail-

ure. Dr. Schmitt and Dr. Willmann keyed
specific parameters into their simula-
tion program: fat solubility, protein
binding, molecular weight and clear-
ance (rate of metabolism and elimina-
tion in liver and kidney). These data
for over 10,000 compounds already
exist in a database. Only clearance is
difficult to predict. This therefore has
to be measured by determining the
concentration of substance X in blood
plasma.

In addition to these five parameters,
PK-Sim® also requires data on the in-
dividual organs and parts of the body
that are to be simulated: liver, heart,
brain, bone, fat, etc. Approximately 15
different organs are described in this
way in terms of blood flow rate, vol-
ume, fat content, protein content and
blood vessel surface area. This is also
how PK-Sim® distinguishes between
mouse, rat, dog and human, as the
bodies of each of these species are
very different.

In the case of substance X, PK-Sim®
found out straight away that the rea-
son why it had no effect in the mouse
was because the dose was too low.
With the extremely rapid turnover of
blood cells in the mouse, the active in-
gredient had disappeared from the
blood before the necessary plasma
concentrations could be attained. At
the same time, PK-Sim® also predicted
that the same dosage (adjusted to
body weight) would be sufficient in the
markedly larger rat. This was confirmed
subsequently in the experiments. For
its developers, experiences like these
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are impressive proof of the reliability
of PK-Sim®.

If substance X clears all the hurdles in
its path to clinical testing in humans,
the simulation program can again help
the researchers to answer another key
question: what is a reasonable dose
for the first use in humans? Extrapo-
lating this “first-in-man dose” from
prior experiments in rats or dogs to
human body weight would be far too
simplistic. If, on the other hand, the
dose were to be set low to be on the
safe side, that would mean more trials
and higher development costs. At this
point, the calculations performed by
PK-Sim® can provide a realistic predic-
tion of the correct initial dose.

Simulation reduces the need for
trials in humans

PK-Sim® can also perform tests to pre-
dict whether a substance will be ab-
sorbed from the gastrointestinal tract
or whether it needs to be injected di-
rectly into the veins. The simulation al-
so provides valuable insight into
whether the intestinal wall is readily
penetrated by the substance or repre-
sents a huge obstacle to its progress,
as well as into the effect of taking the
substance on a full stomach or of the
differences in metabolic rates which
vary considerably from individual to
individual.

If PK-Sim® continues to enjoy such suc-
cess, simulation could herald a new
era in pharmacokinetics. Just as simu-
lator training for some time has sup-

How PK-Sim® can help

At several stages in the drug develop-
ment process, from target identifica-
tion in human genetic material
through to the finished product that is
ready for introduction onto the mar-
ket, the pharmacokinetics program PK-
Sim® can provide useful information on
passive transport processes during
compound selection and active trans-
port processes during compound opti-
mization as well as initial human
dosages and intrapersonal differences
at the clinical trials stage.

plemented practical flying experience
for pilots and safety designers in the
automotive industry now initially sim-
ulate their crash tests on a computer
to save countless tons of scrap metal,
computer projections could similarly
become a quick, flexible and econom-
ical tool for determining the effect of
compounds in a key area of pharma-
ceutical research. As in the case of oth-
er applications for simulations, how-
ever, they can only ever supplement
actual trials in humans and animals
(albeit perhaps also reducing them in
number or opening up new possibili-
ties), and can never replace them com-
pletely.

“It's incredible that the pharmaceuti-
cal industry didn’t make more of an
effort to create effective tools for sim-
ulation of pharmacokinetics a long
time ago,” says Dr. Schmitt. “No plane,
no car and no electronic circuit could
be developed nowadays without using
state-of-the-art simulations”.

The predictions of the computer simu-
lation are already working so well in

humans and animals that PK-Sim® is
opening up whole new horizons. If a
target for an active substance is iden-
tified in the genetic material of suf-
ferers from a particular disease, a

chemical database can then be
searched for compounds that might
seek out this target on the basis of
their structure and binding proper-
ties. PK-Sim® can then be used to
simulate what happens to these com-
pounds inside the body.

Other computer programs could in fu-
ture handle toxicological and formu-
lating issues in a similar way. This
would allow far-reaching conclusions
on the importance of a target and on
compounds from the chemical library
to be drawn at a very early stage in
drug development. As a result, the
virtual journey through the body
would continue to open up attractive
new targets.

www.bayertechnology.com
Visit this website for further informa-
tion on pharmacokinetic simulation.

The “body detec-
tives”, Walter
Schmitt (right)
and Stefan Will-
mann, track med-
icines on their vir-
tual journey
through the body.
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