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hose down their own bathroom floors, and many with real or
supposed athlete's foot will continue self-medication with
proprietary fungicides.

For those who do seek medical advice the diagnosis should
ideally be confirmed by microscopy of scrapings cleared with
potassium hydroxide solution and the species identified by
culture. The patient with scaly feet, however, commands
little priority in a busy surgery, and the nearest medical
mycologist may be fifty miles away, so clinical criteria will
often have to be relied upon. Erythema, fissuring, a scaly
spreading edge extending beyond the toe cleft, and the
presence of vesicles are more likely to indicate tinea pedis
than are maceration and peeling strictly confined to the
web space. The differential diagnosis includes psoriasis,
especially the pustular form, shoe dermatitis or eczema, and
pompholyx.

Therapy will vary with the type of case. Acute inflamma-
tory tinea pedis is always best treated symptomatically with
saline soaks, oily calamine lotion, and rest. After a few days
a dilute steroid cream will often help, but should not be
continued for more than a week or two. Then if necessary
an antifungal application may be used, as in the ordinary
case. There is probably little to choose between zinc
undecenoate ointment B.P., benzoic acid compound ointment
B.P.C. (Whitfield's ointment), and 1% tolnaftate cream.
Topical applications usually fail in the treatment of exten-
sive, dry, chronic cases caused by Trichophyton rubrum, and
griseofulvin by mouth, 500 mg. of the fine-particle prepara-
tion daily in divided doses after meals, may be necessary for
several weeks. For reasons ill understood even this treatment
often fails to eradicate the fungus from the toe clefts, and it
is unwise to employ it for this purpose. The patient should
be encouraged to wear light, open shoes whenever possible,
but he who advises cotton socks these days will do well to find
out first where they can be found.

Genetic Code Revealed
The Nobel prize for medicine has been divided this year
between three American scientists. They are Dr. Marshall
Nirenberg, of the National Institutes of Health, Bethesda,
Maryland; Dr. Har Gobind Khorana, of the Enzyme Insti-
tute, Madison, Wisconsin; and Dr. Robert Holley, of Cornell
University and now of the Salk Institute, La Jolla, California.
Their contributions to the elucidation of the genetic code
have won them the prize.
The central dogma of molecular biology has it that informa-

tion can flow from deoxyribosenucleic acid (D.N.A.), the
genetic material, to protein, the stuff of life, but not in the
reverse direction. The information contained in the sequence
of nucleotide subunits in D.N.A. is first transcribed into a
corresponding sequence in ribosenucleic acid (R.N.A.), the
" messenger" R.N.A. This is then decoded and the informa-
tion acted on by the protein-synthetic machinery of the cell.
Many distinguished men have applied their minds to the ques-
tion of the general nature of the code. The award has been
given to the experimentalists who cracked it. The subunits
in the messenger, it was known, were read in threes, the triplet
code-word corresponding to one amino-acid. Since only
twenty amino-acids are generally found in proteins, at mini-

mum only twenty codons, as they were called, might have been
expected. Protein synthesis was also known to require
adaptor molecules, remarkably predicted by Crick, which are
small R.N.A. molecules, " transfer " R.N.A.s. The amino-
acids are attached to them and they are presumed to recognize
the codon sequence in the messenger. But, though the
sequence in several proteins was discovered, the nucleotide
sequence of no R.N.A. or D.N.A. molecule was known and
the prospect looked distant.
How then could the code be elucidated ? At this point

Nirenberg entered the arena. He and his collaborator from
Germany, Matthaei, had been hard at work perfecting a
system for protein synthesis which would operate in vitro.
They found incredibly, and by all accounts unintentionally,
that a synthetic R.N.A. analogue, polyuridylic acid (contain-
ing the single base uracil) would act as a messenger and that
the protein analogue polyphenylalanine was formed. The
first codon had been elucidated. UUU coded for phenyl-
alanine. That was in 1961. A feverish burst of publication
from several laboratories followed, in which a variety of other
synthetic R.N.A.s containing the other bases, A, C, and G
for short, were used. More and more codons were revealed,
though some were of doubtful validity. Khorana and his
colleagues in the meantime had been putting enormous effort
into dcveloping the chemical synthesis of polynucleotides.
Showing a rare judgement in combining chemical and
enzymatic methods, they produced polymers with defined
nucleotide sequences. When used as messengers they pro-
duced polypeptides of composition and sequence exactly as
predicted from Nirenberg's codon assignments. Nirenberg
at this time also devised a rapid method for codon assignment
-the triplet binding assay. By this means most of the 64
chemically or enzymatically synthesized triplets were studied.
Out of all this, and in a remarkably short time, came the
important conclusions that the code was degenerate-up to
five codons could correspond to the same amino-acid-and
moreover the codons originally assigned for the cell-free
system from Escherichia coli were almost certainly uniform
throughout nature. The code was universal.

But what of the molecular basis of codon recognition ?
How does a transfer R.N.A. recognize its corresponding
codon in the messenger ? Holley and his collaborators had
been working doggedly on the separation of the individual
transfer R.N.A.s from the mixture, which presumably con-
tained 60-odd different species. The pure alanine-specific
R.N.A. was isolated from yeast. Using largely enzymatic
degradation, they succeeded in elucidating the complete
sequence of the 77 constituent nucleotides. Very soon after-
wards the sequences in two serine-specific R.N.A.s were
elucidated by Zachau and collaborators in Germany, and
since then the number has steadily mounted. As a result,
the nature of the interaction of the messenger with transfer
R.N.A., the fundamental act of information transfer, is
becoming clear.
What have we as a result of this activity ? At first sight

something quite trivial-a genetic dictionary with only 64
words: AAA=lysine, AAC=asparagine, and so on, includ-
ing the two punctuation marks for " begin"'' and " end "
protein synthesis. There is something sublime in the
simplicity of this little book, which must have been written
and fixed for all time at a very early stage in evolution.
The application of the new knowledge must sooner or later

find an outlet in medicine. But to the question, What can
medical science expect to gain from these developments ?
the short answer is, " At present, nothing." True, our under-
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standing of the control of cellular activity has taken a great
leap forward. The chemical basis of genetic mutations and
their manifestations is clearer. But the manipulation of these
to useful ends is not clearly in sight. Already Khorana is
forging ahead towards his next goal, the synthesis of a gene.
His group has by now almost completed the construction of
the polynucleotide sequence corresponding to the gene for
alanine transfer R.N.A. in yeast. When complete, this will
open up many interesting avenues of research. Not least of
these is the possibility of attaching a synthetic gene to a viral
or cellular chromosome. The methods are now available and
the horizons of genetic engineering, already wide, would be
greatly extended thereby.

Haemorrhage and the E.C.G.
In shock the cardiac output is inadequate to provide normal
perfusion of the major organs ; the failure is in blood flow
rather than blood pressure. The consequent impaired
perfusion of tissues leads to hypoxaemia, metabolic acidosis,
lactic acidaemia, and hyperkalaemia. The heart and brain
are least affected by these changes, since the relatively poor
vasomnotor innervation of the cerebral and coronary vessels
largely excludes them from the generalized vasoconstriction
of arterioles and venules in response to the fall in cardiac
output. The autonomic nervous system can adequately
compensate for 10% alterations in blood volume, moderate
systemic infections, and a good deal of myocardial damage
by shunting blood away from visceral organs into cerebral,
coronary, and skeletal muscle beds.
The perfusion of the coronary arteries is, however, largely

dependent on the pressure in the aorta, and in patients with
ischaemic heart disease-in whom the coronary vessels are
already maximally dilated-aortic blood pressure becomes
an even more important factor in assuring adequate
coronary blood flow. As long ago as 1939 C. K. Friedberg
and H. Horn' observed myocardial necrosis due to functional
coronary insufficiency without coronary occlusion, in both
experimental animals and in patients with haemorrhagic
shock. If hypotension is severe it is not surprising that
ischaemic changes in the electrocardiogram become apparent.
As more than 600% of patients in shock, regardless of its
cause, have increased serum transaminase and lactic
dehydrogenase activity due to ischaemic injury to the liver,
the differentiation of cardiogenic shock from other causes of
shock may give rise to difficulty. In a recent article in
Diseases of the Chest D. Scherf and C. Bornemann' remind
us that patients may present with a picture of tachycardia,
pallor and sweating, precordial pain, and abnormalities in
the electrocardiogram, all of which are a result of gastro-
intestinal haemorrhage. This is important, since internal
haemorrhage may not be accompanied by haematemesis, and
melaena may be delayed for several days. If such a patient
is treated with anticoagulants on the basis of a diagnosis of
myocardial infarction the result would be disastrous. Scherf
and Bornemann report T wave inversion occurring with
severe acute haemorrhage 14 times in a series of 15 successive

1 Friedberg, C. K., and Horn, H., 7. Amer. med. Ass., 1939, 112, 1675.
2 Scherf, D., and Bornemann, C., Dis. Chest, 1968, 53, 99.

instances of patients with acute haemorrhage from peptic
ulceration. These changes occur within a few hours after
haemorrhage and last for several days. Usually only the
T waves are affected, but occasionally the S-T segments may
be depressed. When acute haemorrhage induces anginal pain
with hypotension, sweating, and abnormal electrocardio-
graphic change a diagnosis of myocardial infarction may
mistakenly be made.

Modified Rapture
Many countries are now reporting standardized death rates
lower than those in England and Wales. Despite the doubts
that must attend any international comparison the picture
may be accepted as true enough to stimulate further efforts
here to improve matters. According to the latest report from
the Chief Medical Officer of the Ministry of Health' the
statistical indices of mortality in Britain could be substantially
improved. It is worth noting that general and infant
mortality are both worse in Scotland and Northern Ireland
than in England and Wales. In general John Bull is in pretty
good shape, but the C.M.O.'s report ought to trouble the
complacent expression habitual to him.
One satisfactory fall in mortality is to be seen on the roads.

The C.M.O. notes a " striking reduction " in the last quarter
of 1967 after the introduction of alcohol tests. But if man's
irresponsibility in relation to one drug has been somewhat
curbed, it has found increasing expression in the misuse of
others. Outstanding among these is still tobacco, the main
cause of lung cancer. The death rate from this disease again
rose among both men and women in 1967. In fact the
increase for men was the largest since 1959. All told, some
28,000 persons died of it in the year under review. Other
poisons are also proving to be fatally attractive to abuse. The
report observes that hospital admissions of cases of self-
poisoning continued to rise, and cites the conclusion of a
subcommittee (whose report is to be published) that "the
majority of deaths in adults are the result of deliberate self-
administration and that accidental death from ingested
poisons is largely restricted to children under 10 years of
age." (The circumstances of accidental poisoning in child-
hood are reviewed elsewhere in this issue of the B.M.7.
(p. 245) by R. H. Jackson and his colleagues.) It can cause
no surprise, either, that the report's chapter on mental health
opens with a section on drug addiction, a still growing menace
to health.
The annual death rates from cancer of the breast in women,

even when standardized for age, have shown a disquieting
tendency to rise. Fluctuations are admittedly fairly small,
but 1964 and 1967 provided the highest rates in recent years,
and there is certainly no sign of any decrease. The report
also draws attention to a question that has been aired before
in these columns-namely, whether there is a non-industrial
risk of developing lung cancer from asbestos. An industrial
risk from asbestos dust is known and guarded against, but
so numerous are the uses to which this easily worked and non-
inflammable material is now being put that dust from it may
be more prevalent in the general environment than is realized.

On the State of the Public Health: Annual Report of the Chief Medical
Officer of the Ministry of Health for the Year 1967. 1968. H.M.S.O.
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