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an anti-cancer drug into a liquid
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meter for separation and
identification of components.

It is important for those who
prescribe drugs to know how
they will be processed by the
body, so that the recommended
dosage will give maximum
results with minimum side
effects. For this to be possible,
we need to know what happens
to the drug once it has entered
the body — how it is absorbed,
metabolised and excreted. Some
drugs are more easily absorbed
from the gut than others. Small,
fat-soluble molecules, such as
alcohol, can easily pass through
cell membranes and are there-
fore easily absorbed from the
gut. Larger, more water-soluble
drugs, such as the antibiotic

f you tell some people that you are a pharmacologist, ~ gentamicin, are not well absorbed. The proportion of the
they assume you know a great deal about the ecology ~ drug absorbed must be known in order to
of farms! Others assume that you work in a dispensing  decide on a correct dosage.
chemist. Neither of these descriptions is true — phar- Most commonly used drugs are distrib- column is to bring you
macology is simply the study of drugs. uted throughout the whole body, so identical information about some

Herbs have been used for medicinal purposes for  doses of a drug will produce different of the very different and
thousands of years. Many modern drugs are based on  concentrations in different sized people (see stimulating careers that
purified extracts of herbs (see pp. 2-7). For example,  Figure 1). When taking over-the-counter can develop from an
willow bark contains a compound very similar to aspirin  remedies, this may not be important, but for  interestin the biological

The aim of this prospects

and has been used to treat fevers (see BIOLOGICAL
Sciences Review Vol. 15, No. 1, pp. 19-21), while extract
of foxglove has been used to increase the ability of the
heart muscle to contract in the treatment of heart
failure. The organisation of remedies into the science of
pharmacology is, however, a relatively recent event,
generally attributed to German doctors at the end of
the nineteenth century.

Dose
100 mg

Volume = 100 dm=3 Volume =50 dm=3
Concentration =1 mg dm= Concentration = 2 mg dm=3

Figure 1 The concentrations produced by the administra-

tion of the same dose of drug into different volumes of
distribution, for example people of different size.
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some prescription drugs the dosage may

have to be tailored to body mass. It is also

important to know the manner and speed of elimination
of the drug. Is the drug broken down, or is it excreted
unchanged in the urine? How quickly do these
processes take place? If a drug is rapidly excreted, doses
of the drug will have to be taken more frequently in
order to maintain the correct concentration in the body.
Some rapidly eliminated drugs, including penicillin,
have to be taken several times per day. Other drugs,
such as the anabolic steroid nandrolone (used to treat
severe anaemia that does not respond to other thera-
pies), can be given by injection once every few weeks.

How drugs affect the body

A painkiller such as aspirin is just as effective for
toothache as it is for a sore toe. It would be nice if most
drug molecules could be targeted to a specific location
and travelled only there. Unfortunately, this does not
happen. It is not the selective distribution of a drug that
limits the scope of its activity, but the distribution of the
target molecules with which that drug interacts.
Interactions between drugs and target molecules
occur as a result of their complementary structures (see
Figure 2). This is similar to the way in which enzymes
react with substrates. The highly structured nature of
enzymes makes them ideal target molecules for many
drugs. Other target molecules for drugs include ion
channels, carrier proteins and receptors (see Box 1).
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[image: image2.jpg]BOX 1 Receptors

Receptors are generally proteins that span across membranes and act as
recognition sites for endogenous compounds (those within the body) such
as neurotransmitters and hormones. If the receptor is part of the cell
membrane, there must be a mechanism by which it can influence the
physiology of the cell. If a receptor is associated with an ion channel, it can
simply cause the channel to open or close, and this will alter the cell phys-
iology. Other membrane-located receptors are associated with a trans-
ducer molecule called a second messenger. When a molecule binds to the
receptor, this activates the second messenger (see Figure 2).

There are several benefits of the second messenger system, for instance:

# it can produce amplification of effect by linking one receptor interaction
with many molecular changes within the cell

® it allows flexibility of response. Receptors for the same compound may
be linked to different second messenger systems in different tissues.
Adrenaline, for example, can cause contraction of smooth muscle fibres
in the blood vessels in some tissues (skin and gastro-intestinal tract), and
relaxation of smooth muscle fibres in the blood vessels in other tissues
(skeletal muscles). The effector tissue, smooth muscle, is the same in
both cases, but the response is different because the receptors are
linked to different second messenger systems.

This pharmacologist is using a computer to model
the binding of an anti-cancer drug to an enzyme.

Box 2 Becominé a pharmacologist

Most universities that offer pharmacology as a subject
are reasonably flexible about the qualifications
required for entry. Most will require a biologically based
A-level or equivalent, along with other science A-levels.
Chemistry is very useful, but some universities have
first-year courses available for students who lack this
A-level. Statistics is also useful, but is not generally a
prerequisite.

Pharmacology courses generally involve a large
amount of laboratory work. It is worth considering that
some of this may include experiments performed on
animals.
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BOX 3 Careers

Graduates in pharmacology, like any other graduates,
always have the option of using the degree as a
general qualification, and moving into an unrelated
field of work. For those who do choose to make direct
use of their pharmacology degree, there are three
main options:

® research
® drug marketing

* teaching

Research

Companies that produce drugs employ pharmacology
graduates to work with chemists to develop new
drugs. These companies include Bayer, the company
that was originally responsible for the marketing of
aspirin, and GlaxoSmithKline. Drug development is
usually a lengthy process involving many months or
even years before a drug can be marketed. This makes
the process also very expensive.

New drugs are produced under patent. This means
that when a company has produced a new drug, for a
period of a few years only that company is allowed to
market it. Once the patent has expired, other compa-
nies can manufacture and market the drug. The brands
produced by these companies are often referred to
as generic brands. These can be sold much more
cheaply because the company only has to recoup
the cost of manufacturing the drug, and not that of
developing it.

Careers in research are notoriously difficult. They are
often based on short-term renewable contracts. It is
necessary to make a real mark in a chosen field to
ensure the continuation of a research post. Many
individuals who start a career in drug development
end up looking for alternative employment in later life.

Marketing

Pharmacology graduates may be employed by drugs
companies to market their drugs. If these are prescrip-
tion-only drugs, the reps travel around the country and
talk to doctors in the hope of persuading them to
prescribe the drug that their company produces.
Information gathered about the effectiveness of the
drugs can be used for further research.

To become a drug rep it is necessary to have a full
driving licence and, as with any job involving sales,
the job will only suit certain personalities.

Teaching

Many courses taught to prospective health profes-
sionals include some pharmacology. This trend will
probably increase as more health professionals are
able to prescribe drugs.

Teaching pharmacology usually only occurs at the level
of higher education, so a higher degree, either an MSc
or PhD, is usually required.

For further information on careers in pharmacology,
try the following website:

www.amstat.org/careers/COPSS/pharmacology.html
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[image: image3.jpg]Second messenger
detaches when drug binds to receptor

Figure 2 The structural relationship between drug molecule and target molecule.

Research involves the discovery and development of
new drugs (see BIOLOGICAL SCIENCES ReviEw Vol. 14,
No. 4, pp. 34-36). The search is on for drugs for condi-
tions such as AIDS, various forms of cancer, infections,
heart disease and obesity (see pp. 30-32).

A recent area of research is drug-gene interaction.
Individuals with the same conditions often respond to
drugs differently because of the variation in their genetic
make-up. It is hoped that it will be possible to produce
tailor-made drugs for different genotypes, thus avoiding
the need for the expensive and potentially dangerous
trial-and-error approach to finding the most effective
drug to prescribe. People who understand aspects of
biological sciences and drug action are going to be
crucially important in such endeavours, so it is an exciting
time to be considering a career in pharmacology. M
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