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disease they may help separate a high risk group. Finding
occasional premature beats in a healthy person is to be expected
and calls for no special action. Frequent or complex beats
unassociated with symptoms present a more difficult problem,
particularly when found in younger people. Here a reasonable
policy is for the clinician to look for underlying heart disease
such as cardiomyopathy or mitral valve prolapse, using simple
non-invasive means. Some patients will have occult coronary
artery disease, and they should be advised about potential risk
factors such as cigarette smoking, hypertension, hyper-
lipidaemia, and obesity, particularly when there is a bad
family history of cardiac ischaemia. In the vast majority of
patients no abnormality other than the arrhythmia will be
found. Here the best course is to reassure the patient and
proceed no further.
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Animal experiments
Do animals have rights ? Or is their exploitation reprehensible
simply because the men at fault should be aware that they are
doing wrong ? These and other philosophical questions were at
the heart of a debate last week on animal experimentation
organised by the British Association for the Advancement of
Science. Representatives of the Royal Society for the Preven-
tion of Cruelty to Animals, the Fund for the Replacement of
Animals in Medical Experiments, and other groups campaign-
ing on behalf of animals were agreed that some research
using animals is justifiable: their case was that many experi-
ments are unnecessary and that many necessary experiments
cause unnecessary pain and distress.
The scientists defending present practice did not really

address themselves to these criticisms. Certainly mankind
would have been slower to control infectious diseases and would
have fewer effective drugs had animal experimentation been
banned in the 19th century-but such arguments have nothing
to do with the RSPCA's attack on specific research studies as
having caused animals prolonged, severe pain for little if any
gain in human knowledge.
The Home Office is planning new legislation to replace

and update the Cruelty to Animals Act of 1876; its draughts-
men are awaiting final agreement on the European convention
on animal experiments. Among the non-contentious issues that
need regulation are standards ofhousing and care for laboratory
animals, and training for research staff working with these
animals. Laboratories would also benefit from some authorita-
tive source of guidelines on the choice of species of animals,
procedure, and techniques. Yet reforms of this kind still
avoid the issue of experimenters' attitudes-what Dr Judith
Hampson of the RSPCA called the "Gestalt shift" necessary in
scientists' view of animals if there is to be real change.
Ten years ago Lane Petterl posed five questions for animal

researchers. Is the animal the best experimental system for the
problem? Must the animal be conscious at any time through-
out the experiment? Can pain or discomfort associated with
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the experiment be lessened or eliminated? Could the number
of animals used be reduced ? And is the problem worth solving
anyhow ?
These are the questions that research workers need to ask

themselves-and to be seen to be asking themselves. The pro-
test groups would then be left with no convincing grounds for
complaint.

Lane Petter W. The place and importance of the experimental animal in
research. Proceedings of the Royal Society of Medicine 1972;65:343-4.

Twenty-one years of beating
beta-lactamases
Anyone who reflects on the properties required in a successful
antibiotic cannot fail to be impressed by the package repre-
sented by benzylpenicillin. As a narrow-spectrum agent of
exceptional selective toxicity it could scarcely be faulted but
for one thing: its susceptibility to bacterial beta-lactamases,
which break open its beta-lactam ring and destroy its anti-
bacterial activity. In the 1950s and '60s the penicillin-resistant
staphylococci that became epidemic in hospitals and caused so
much serious sepsis did not owe their resistance to any change
in the target they offered to penicillin; that target remained
susceptible to the drug. The resistance was due to the pro-
duction of beta-lactamases that destroyed the penicillin before
it could act.
Two approaches to the control of such strains were theo-

retically possible. One was to make or find substances which
resembled penicillin sufficiently closely to mimic its many
desirable properties but differed sufficiently to be unaffected
by the enzyme. The other was to make or find substances that
bound strongly to the beta-lactamase and blocked its action so
that penicillin could act on the still susceptible target. The
first of these possibilities received a great boost from the
isolation of the penicillin nucleus, 6-aminopenicillanic acid,1
which led to the preparation of penicillin derivatives in great
abundance and in 1960 to methicillin,2 the first penicillin
highly resistant to staphylococcal penicillinase. Later came the
orally active cloxacillin and the still better absorbed flucloxa-
cillin.

Like benzylpenicillin, these compounds had little activity
against Gram-negative rods, and the search for a broader
spectrum penicillin was rewarded by the discovery of ampi-
cillin and later the much better absorbed amoxycillin. In the
course of this search compounds might have emerged which
combined resistance to staphylococcal penicillinase with broad-
spectrum activity (as in the related cephalosporins), but in the
event the broader spectrum agents proved to be susceptible not
only to staphylococcal beta-lactamase but to beta-lactamases
produced by Gram-negative rods. These Gram-negative beta-
lactamases resembled the staphylococcal enzyme in their
effects, but the picture was made much more complex by
variations in the enzymes produced by different species and
even different strains of the same species. These enzymes
differed in their ability to degrade penicillins and cephalo-
sporins or even particular penicillins and cephalosporins.
As more beta-lactamases able to attack successively intro-

duced beta-lactam antibiotics have come to be recognised the
prospect of combined treatment by blocking the enzymes and
allowing labile antibiotics to act has appeared at the same time
more attractive and less probable. Synthetic compounds

designed as beta-lactamase inhibitors have produced some
interesting experimental results3 but little therapeutic en-
couragement. The problem has been that, while labile anti-
biotics will inhibit and kill beta-lactamase-producing organisms
in the presence of sufficient inhibitor, the available compounds
have not been very active, and the concentrations needed to
achieve a therapeutic effect have not been obtainable except
perhaps in some cases in the urine.4
At last, however, and in the 21st anniversary year of

methicillin-a compound designed to be beta-lactamase
resistant-the alternative strategy of beta-lactamase blockade
has come to fruition in a natural compound which again
packages the properties required of a therapeutic agent. A
substance now called clavulanic acid was found during
systematic screening among the fermentation products of
Streptomyces clavuligerus.5 This compound has relatively little
antibacterial activity in its own right but is a potent and
progressive inhibitor of beta-lactamases of both chromosomal
and plasmid origin, including those found in Staphylococcus
aureus, Escherichia coli, Klebsiella spp, Proteus mirabilis,
Haemophilus influenzae, Neisseria gonorrhoeae, and Bacteroides
spp.6 In the presence of clavulanic acid the minimum inhibitory
concentrations of many penicillins and cephalosporins for
beta-lactamase-producing strains are lowered to therapeutically
attainable levels.7-10 The possibility of therapeutic use of
beta-lactamase inhibition has become a reality, and other
inhibitors are under investigation." 12

In the mean time the active pursuit of beta-lactamase-stable
semisynthetic compounds in the methicillin tradition which
are resistant to beta-lactamases and which also possess broad-
spectrum activity has been rewarded by a cluster of cephalo-
sporins of remarkable activity.'3 In assessing the therapeutic
potential of compounds chemically modified to develop a
particular feature, in this case beta-lactamase stability, account
has to be taken of the possibility that any or all of the other
properties may have changed and must be re-examined and
shown to be favourable. Hence the attraction of the alternative
approach, in which the well-tried properties of a familiar
compound are preserved and the single defect of beta-lactamase
lability repaired. In practice, of course, where that repair is
achieved by the addition of a second compound, a compre-
hensive examination of the second compound's properties is
required. In addition to broad-spectrum, high-potency inhibi-
tion, it must not interact with the active antibiotic so as to
impair its action on sensitive strains or interfere with its
absorption and elimination. Moreover, if the new compound is
to protect the labile antibiotic wherever it is called upon to act
it must follow closely where the antibiotic goes. Finally, and
by no means least important, it must protect the antibiotic
without adding materially to the risk of treatment. In the
compound recently marketed under the name Augmentin
clavulanic acid is partnered by amoxycillin and the pair
evidently correspond well in their pharmacokinetic be-
haviour14 15; they appear to be well tolerated at the recom-
mended dosage, and have been successfully used to treat
infections due to both sensitive and beta-lactamase-producing
organisms affecting the respiratory and urinary tracts and the
soft tissues.14 15
A major difference from the new potent beta-lactamase-

stable cephalosporins is that amoxycillin-clavulanic acid is
active by mouth and the cephalosporins are not. A lack of oral
activity in highly potent broad-spectrum compounds has
generally been viewed with some equanimity since it spares us
the fear of possible ill effects from gross disturbance of the
normal bowel flora. At the same time the need for agents active
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